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SIRE,

AS a Sea Officer addrefling Your Ma-
jesTy on a profeflional fubje@, I might
juftly be accufed of fingular ingratitude,
did I not avail myfelf of this opportunity
of reminding the World, that the Voyage

to
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to explore how far Navigation was pradti-
cable towards the North Pole was under-
taken at a Period peculiarly diftinguithed
by Your MajesTY’s gracious Attention to

Your Navy.

In a Time of profound Peace Your Ma-
jEsTY, by a liberal Addition to the Half
Pay of the Captains, relieved the Neceflities
of many, and gratified the Ambition of
all, at once demonftrating Your MajesTY’s
Regard to their Welfare, and the Remem-

brance of their Services.

The Armament which followed in a few
Months, and Your Majesty’s Review of
that Armament, which, by the Difpatch
of its Equipment, had prevented a' War,
afforded to Your Navy the moft flattering

and
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and diftinguithed Mark of Royal Favour,

and to Your Majest¥ an additional Proof
of that Alacrity for Your Service, which
had fo recently received both its Reward

and Encouragement from Your Majesty’s

Prote&ion,

Permit me, Sirr, to add, that Your
MajesTy’s gracious Approbation of my
Endeavours, and the Permiffion I have
been honoured with, of infcribing the
following Account of them to Your Ma-
JESTY, are ftrong Proofs of that Indul-
gence with which Your MajesTy receives
every Attempt to promote Your Service,
~—— An Indulgence, which, at the fame
Time that it cannot fajl of animating

the Zeal of others more worthy of Your

Majesty’s
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Majesty’s Notice, has added to the moft

devoted Attachment, the warmeft Grati-

tude of,

SIRE,

Your MajesTy’s moft dutiful

Subjec and Servant,

CONSTANTINE JOHN PHIPPS.
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INTRODUCTION.

HE ideaof a paffage to the Eaft Indies by

the North Pole was fuggefted as carly as the

year 1527, by Robert Thorne, merchant, of Bri-
ftol, as appears from two papers preferved by
Hackluit; the one addreffed to king Henry VIII;
the other to Dr. Ley, the king’s ambaffador to
Charles V. In that addreffed to the king he fays,
“ 1 know it to be my bounden duty to manifeft
¢ this fecret to your Grace, which hitherto, I fup-
¢ pofe, has been hid.” This fecret appears to
be the honour and advantage which would be
derived from the difcovery of a paflfage by the
North Pole. He reprefents in the ftrongeft terms
the glory which the kings of Spain and Portugal
had obtained by their difcoveries Eaft and Weft,
and exhorts the king to emulate their fame by un-
dertaking dilcoveries towards the North. He
ftates in a very mafterly ftyle the reputation that
muft attend the attempt, and the great benefits,
fhould it be crowned with fuccefs, likely to accrue
B to




2 INTRODUCTION,

to the fubjects of this country, from their advan-
tageous fituation; which, he obferves, feems to
make the exploring this, the only hitherto undif-
covered part, the King’s peculiar duty,

To remove any objection to the undertaking
which might be drawn from the fuppofed danger,
he infifts upon ¢ the great advantages of conftant
¢ day-light in feas, that, men fay, without great
“ danger, difficulty, and peril, yea, rather, it is im-
« poffible to pafs; for they being paft this little
« way which they named {o dangerous (which may
« be two or three leagtes before they come to the
¢ Pole, and as much more after they pafs the Pole),
¢ it is clear from thenceforth the feas and lands
« are as temperate as in thefe parts.”

In the paper addrefled to Dr. Ley he enters more
minutely into the advantages and practicability of
the undertaking, Amongft many other arguments
to prove the value of the difcovery, he urges, that
by failing northward and pafling the Pole, the na-
vigation from England to the Spice Iflands would
be fhorter, by more than two thoufand leagues,
than either from Spain by the Straits of Magellan,
or Portugal by the Cape of Good Hope; and to
fhew the likelihood of fuccefs in the enterprize he
fays, it is as probable that the cofmographers
fhould be miftaken in the opinion they entertain
of the polar regions being impaflable from extreme

cold,



INTRODUCTION 3
cold, as, it has been found, they were, in fuppofing
the countries under the Line to be uninhabitable
from exceflive heat. With all the fpirit of aman
¢onvinced of the glory to be gained, and the pro-
bability of fuccefs in the undertaking, he adds,—
“ God knoweth, that though by it I fhould have
“ no great intereft, yet I have had, and ftill have,
< no little mind of this bufinefs: fo that if I had
¢ faculty to my will, it fhould be the firft thing
¢ that I would underftand, even to attempt, if our
“ feas Northward be navigable to the Pole or no.”
Notwithftanding the many good arguments, with
which he fupported his propofition, and the offer
of his own fervices, it does not appear that he pre-
vailed fo far as to procure an attempt to be made.

Borne, in his Regiment of the Sea, written about
the year 1577, mentions this as one of the five
ways to Cathay, and dwells chiefly on' the mild-
nefs of climate which lie imagines muft be found
near the Pole, from the conftant prefence of the
fun during the fummer. Thefe arguments, how-
ever, were {oon after controverted by Blundeville,
in his Treatife on Univerfal Maps.

In 1578, George Beft, a gentleman who had
been with Sir Martin Frobifher in all his voyages
for the difcovery of the North Weft paflage, wrote
a very ingenious difcourfe, to prove all parts of the

world habitable.
B 2 No




2 INTRODUCTION,

No voyage, however, appears to have been
undertaken to explore the circumpolar feas, till
the year 160%, when “ Henry Hudfon was fet
“ forth, at the charge of certain worfhipful mer-
“ chants of London, to difcover a paffage by the
“ North Pole to Japan and China.” He failed
from Gravefend on the firft of May, in a fhip
called the Hopewell, having with him ten men
and a boy. I have taken great pains to find his
original journal, as well as thofe of fome others of
the adventurers who followed him; but without
fuccefs : the only account I have feen is an imper-
fect abridgment in Purchas, by which it is not pof-
fible to lay down his track ; from which, however,
I have drawn the following particulars :—He fell
in with the land to the Weftward in latitude 43°,
on the twenty-firft of June, which he named Hold-
with-Hope. The twenty-feventh, he fell in with
Spitfbergen, and met with much ice; he got to
eighty degrees twenty-three minutes, which was
the Northernmoft latitude he obferved in. Giving
an account of the conclufion of his difcoveries, he
fays,  On the fixteenth of Auguft I faw land, by
“ reafon of the clearnefs of the weather, Siretching
“ far into eighty-two degrees, and, by the bowing
“ and fhewing of the fky, much farther ; which
“ when I firft faw, I hoped to have had a free fea
“ between the land and the ice, and meant to have
* compaffed this land by the North ; but now find-

“ing
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“ ing it was impoffible, by means of the abundance
« of ice compafling us about by the North, and
“ joining to the land ; and feeing God did blefs us
“ with a wind, we returned, bearing up the helm.”
He afterwards adds: * And this I can affure at
¢ this prefent, that between feventy-eight degrees
“and an half, and eighty-two degrees, by this
“ way there is no paffage.”—In confequence of
this opinion, he was the next year employed on
the North Eaft difcovery.

In March 1609, old ftyle, “ A voyage was fet

“ forth by the right worfhipful Sir Thomas Smith,
¢ and the reft of the Mufcovy Company, to Cherry
“ Ifland, and for a further difcovery to be made
“ towards the North Pole, for the likelihood of a
¢ trade or a paflage that way, in the fhip called the
“ Amity, of burthen feventy tuns, in which Jonas
¢ Poole was mafter, having fourteen men and one
“ boy.”—He weighed from Blackwall, March the
firft, old ftyle; and after great feverity of weather,
and much difficulty from the ice, he made the
South part of Spitfbergen on the 16th of May. He
failed along and founded the coaft, giving namesto
feveral places, and making many very accurate ob-
fervations. On the26th, being near Fair Foreland,
he fent his mate on fhore ;—and fpeaking of the ac-
count he gave: at his return, fays, * Moreover, I
‘ was certified that all the ponds and lakes were
“ unfrozen, they being frefh water ; which putteth
B 3 “ me




6 INTRODUCTION.

“ me in hope of a mild fummer here, after {o fharp
“ a beginning as 1 have had ; and my opinion is
« fuch, and I-affure myfelf.it is {0, -that apaflage
“ may be as foon attained this way by the Pole, as
¢ any unknown way whatfoever, by reafon the fun
“ doth give a great heat in this climate, and the
¢ jce (I mean that freezeth here) is nothing fo huge
¢ as | have feen infeventy-three degrees.”

‘hefe hopes, however, ‘he was {oon obliged to
relinquifh for that year, having twice attempted in
vain to get beyond 79%°50". - On the 21ftof June,
he ftood to the Southward, to get a loading of fifh,
and arrived in London the laft of Auguft. Hewas
employed the following year (1611) in.a {mall
bark called the Elizabeth, of 50 tuns. - The in-
ftrutions for this voyage, which may be found at
length in ‘Purchas;are excellently drawn up : They
direct him, after having attended the" fithery for
fome ‘time,.  to" attempt difcoveries to the North
Pole as long as the feafon will permit ; with a dift
cretionary claufe, to act in unforefeen cafes as fhall
appear to him moft for the advancement of the
difcovery, and ‘intereft of his employers. This
however proved an unfortunate voyage:* for having
ftaid in Crofs Road till the 16th of June, on ac-
count of the bad weather, and great quantity of
ice, he failed from thence on that day; and fteered
Wb N fourteen leagues, where he found a bank
of ice : he returned to'Crofs-Roads from whence
when
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when hefailed, he found the ice tolie clofe to theland
about the latitude of ‘80°, ‘and that it was impof-
fible to pafs that way ; and the ftrong tides making
it dangerous to deal with the ice, he determined to
ftand along it to the Southward, to try if he could
find the fea more open that way, and fo get to the
Weftward, . andproceed on his voyage. < He found
the ice tolie nearet SW and SW b S and ran
along it about an hundred and tyventy leagues. He
had no ground near the ice at 160, 180, or 200
fathoms; perceiving the ice ftill to trend to the
fouthward; he determined to return to Spitfbergen
for the fithery, where he loft his fhip.

In the year 1614, another voyage was under-
taken, in. which Baffin and Fotherby were em-
ployed.  With much difficulty, and after repeated
attempts in vain with the fhip, they got with their
boats to the firm ice, which joined to Red-Beach;
they walked over the ice to that place, in hopes of
finding whale-fins, &c. in which they were difap-
pointed.  Fotherby adds, in his account: “Thus,
« 45 we could not find what we defired to fee, fo
« did 'we behold that which we wifhed had not
“ been there to be feen; which was great abun-
¢« dance of ‘ice, that'lay clofe to the thore, .and
« 3o off at fea as far as we could difcern” ' On
the cleventh ‘of Auguft: they failed from Fair-
Haven, t6 try if the ice would let them pafs to the
Northward, ‘of Northeaftward ; they fteered from

By Cape
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Cape Barren, or Vogel Sang, NEbE eight

leagues, where they met with the ice, which lay
EbSand WbN. - The fifteenth of Auguft they

faw ice frozen in the fea of above the thicknefs of
an half-crown.

Fotherby was again fitted out the next year in a
pinnace of twenty tons, called the Richard, with
ten men. In this voyage he was prevented by the
ice from getting farther than in his laft, 'He refers
to a chart, in which' he had traced the fhip's
courfe on every traverfe, to fhew how far the ftate
of that fea was difcovered between eighty and
feventy-one degrees of latitude, and for twenty-fix
degrees of longitude from Hackluit’s headland.
He concludes the account of his voyage in the fol-
lowing manner :

* Now, if any demand my opinion concerning
* hope of a paflage to be found in_ thofe feas, I
“ anfwer; that it is true, that I both hoped and
“ much defired to have pafled further than I did,
¢ but was hindered with ice; wherein although I
“ have not attained my defire, yet forafmuch as it
“ appears not yet to the contrary, but that there is
“a fpacious fea betwixt Groinland and king James
“ his new land [Spitfbergen] although much pef-
“ tered with ice ; I will not feem to difwade this
“ worthipful company from the yearly adventuring
" Of
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« of 150 or 200 pounds at the moft, till fome fur-
¢ ther difcovery be made of the faid feas and lands
¢ adjacent.” It appears that the Ruflia company,
either fatisfied with his endeavours and defpairing
of further fuccefs, or tired of the expence of the

undertaking, never employed any more fhips on
this difcovery.

All thefe voyages having been fitted out by pri-
vate adventurers, for the double purpofe of difco-
very and prefent advantage ; it was natural to fup-
pofe, that the attention of the navigators had been
diverted from purfuing the more remote and les
profitable objet of the two, with all the attention
that could have been wifhed. I am happy, how-
ever, in an opportunity of doing juftice to the me-
mory of thefe men; which, without having traced
their fteps, and experienced their difficulties, it
would have been impoffible to have done. They
appear to have encountered dangers, which at that
period muft have been particularly alarming from
their novelty, with the greateft fortitude and per-
feverance; as well as to have fhewn a degree of
diligence and fkill, not only in the ordinary and
practical, but more fcientific parts of their profef-
fion, which might have done honour to modern
feamen, with all their advantages of later improve-
ments. This, when compared with the accounts
given of the ftate of navigation, even within thefe

forty
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forty years, by the moft eminent foreign authors,
affords the’ moft flattering and fatisfactory proof of
the very early exiftence of that decided fuperiority
in naval affairs, which has'‘carried the power of
this country to the height it has now attained.

This great point of geography, perhaps the moft
important in its confequences to a commercial na-
tion and maritime power, “but the only one which
had never yet been the object’ of royal attention,
was fuffered "to remain without further inveftiga-
tion, from the year 1615 till 1973, when the Earl
of Sandwich, in confequence of an application'which
had been made ‘to him by the Royal Society, laid
before his Majefty, about the beginning of Febru-
ary, @ propofal for an expedition to try how far
navigation was practicable towards the North Pole ;
which his Majefty was pleafed to-dire¢t fhould be
immediately’ undertaken, ‘with every encourage-
ment that could countenance fuch an ' enterprize,
and every afliftance that could contribute ‘to" its

fuccefs.

As foon as I' heard of the defign, Toffered my-
felf, and had ‘the honour of being entrufted with
the conduct of this undertaking. The nature of
the voyage requiring particular care in the chéice
and equipment of the fhips, the Racehorfe ‘and
Carcafs bombs were fixed upon ‘as the ftrongetft,

and
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and therefore propereft for the purpofe. The pro-
bability that, fuch an. expedition could not be cat-
ried on . without meeting with much -ice,” made
fome additional firengthening neceffary : they were
therefore immediately taken into:dock, and fitted
in' the moft compleat manner for the fervice. The
complement for the'Racehorfe was fixed at ninety
men; and the ordinary eftablifhment departed
from, by appointing an additional’ number of offi-
cers,” and - entering ' effeCtive ‘men inftead of ‘the
uifual iumber of boys.

T wasallowed to'tecommend the officers ; and was
very happy to find, during the coutfe of the voyage,
by the great affiftance I received on many occafions
from their abilities and experience, that I had not
been miftaken in the characters of thofe upon
whom 'fo much depended in the performance of
this fervice:  T'wo mafters of ‘Greenlandmen were
employed as pilots for each fhip. . The Racehorfe
was alfo furnifhed with the new chain-pumps made
by Mr. Cole according to Captain Bentinck’s im-
provements; ‘which ‘were found'to anfwer perfect-
fywell. ! Wealfo'niade ufe of Dr. Trving’s apparatus
for diftilling fréth water from  the fea, with the
greateft fuccefs. Somé fmall but tfeful alterations
were ade in' the fpecies of ‘provifions ufually fup-
plied in’the navys ‘an-additional quantity of {pirits
was allowed for each fliip, to bé iffued at the dif-
cretion 'of the' ‘commvanders, ‘whenVextraordinary

Catiore
ratiguc
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fatigue or feverity of weather might make it expe-
dient. A quantity of wine was alfo allotted for the
ufe of the fick. Additional clothing, adapted to
that rigor of climate, which from the relations of
former navigators we were taught to expect, was
ordered to be put on board, to be given to the
feamen when we-arrived in the high latitudes. It
was forefeen that one or both of the fhips might
be facrificed in the profecution of this undertak-
ing ; the boats for each fhip were therefore calcy-
lated, in number and fize, to be fit, on any emer-
gency, to tranfport the whole crew. In fhort, eve-
ry thing which could tend to promote the fuccefs
of the undertaking, or contribute to the fecurity,
health, and convenience of the fhips’ companies,
was granted.

The Board of Longitude agreed with Mr. Ifrael
Lyons to embark in this voyage, to make aftrono-
mical obfervations. His reputation for mathema-
tical knowledge was too well eftablifhed to receive
any addition from the few opportunities which a
voyage in fuch unfavourable climates could afford.
The fame Board fupplied him with fuch inftru-
ments as they imagined might be ufeful for making
obfervations and experiments. The Royal Se-
ciety favoured me with fuch information as they
Judged might ferve to direct my enquiries, when-
ever the circumftances of the voyage fhould afford
me leifure and opportunity for making obfervations.

' Befides
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Befides thefe learned bodies, I was obliged to many
individuals for hints; amongft whom it is with
pleafure I mention Monfieur D’Alembert, who com-
municated to me a fhort paper, which, from the
concifenefs and elegance with which it was drawn
up, as well as from the number of interefting ob-
jects that it recommended to my attention, would
have done honour to any perfon whofe reputation
was not already eftablifhed upon fo folid a founda-
tion as that learned philofopher’s. To Mr. Banks
I was indebted for very full inftruttions in the
branch of natural hiftory, as 1 have fince been for
his affiftance in drawing up the account of the pro-
ductions of that country; which I acknowledge
with particular fatisfaction, as inftances of a very
long friendfhip which I am happy in an opportu-
nity of mentioning.

As a voyage of this kind would probably afford
many opportunities of making experiments and ob-
fervations in matters relative to navigation, 1 took
care to provide myfelf with all the beft inftruments
hitherto in ufe, as well as others which had been
imperfectly, or never, tried.

The lengthof the Second Pendulum in fo high

a latitude as I was likely to reach, appearing to me
an experiment too interefting to be neglected, 1
defired Mr. Cumming to make me fuch an inftru-
ment as he thought would beft anfwer the purpofe.
That
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That modefty and candour ‘which always attend
real merit, induced him to lend me the identical
pendulum with which Mr. Graham had made his
experiments, - rather than furnith me with one of
his own conftruction ; but the Judgment as well as
fkill with which the apparatus joined to it was con-
trived and executed, notwithftanding the fhortnefs
of the time, will, I am fure, do him credit,

The Board of Longitude fent two watch ma-
chines for keeping the longitude by difference of
time; one conftructed by Mr. Kendal, on Mr.
Harrifon’s principles; the other by Mr. Arnold.
I had alfo a pocket watch conftructed by Mr. Ar-
nold, by which I'kept the longitude to a degree of
exactitude much beyond what I could have ‘ex-
pected ; the watch having varied from its rate of
going only 2 40" in 128 days.

In the Journal which follows, I mean to confine
myfelf to the occurrences of the voyage as they
fucceeded in order of time; which, for the con-
venience of the generality of readers, 1 have re.
duced from the nautical to the civil computation :
to this I fhall add, by way of Appendix, an ac-
count of all the experiments and obfervations un-
der their refpective heads, that thofe who intereft
themfelves in any particular branch, may find
whatever they want, unmixed with foreign mat-
ters; while thofe who may wifh only«to trace the
whole
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whole progrefsof the voyage, as well as thofe who
may be fatisfied with the general refults of the ex-
periments, will find the account unincumbered
with that detail which I with to fubmit to others,
who may chufe to examine more minutely, and
compare the facts with the conclufions.

A voyage of a few months toan uninhabited ex-
tremity of the world, the great object of which
was to afcertain a very interefting point in geogra-
phy, cannot be fuppofed to afford much matter for
the gratification of mere curiofity. The experi-
ments and obfervations may pofiibly from their
iovelty, and the peculiar circumitances of the cli-
mate in which they were made, afford fome en-
tertainment to philofophers; and might perhaps
have been more numerous and fatisfaCtory, if the
purfuit of the great object of the voyage had not
rendered them, however interefting in themfelves,

but a {econdary confideration
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PRIL 1gth, 1773, I received my commif-

fion -for' the Racehorfe, with an order to
get her fitted with the greateft difpatch for a
voyage of difcovery towards the North Pole, and
to proceed to the Nore for further orders.

23d.  The fhip was hauled out of dock.

May 21ft.  The fhip being manned and rigged,
and having got in all the provifions and ftores, ex-
cept the Gunner’s, we fell down to Galleons.

s2d. We reccived on board the powder, with
eight fix-pounders, and all the gunner’s flores.
Lord Sandwich gave us the laft mark of the oblig-
ing attention he had fhewn during the whole pro-
grefs of the equipment, by coming on board to fa-
tisfy himfelf, before our departure, that the whole
had been compleated to the wifh of thofe who
were embarked in the expedition. The Eafterly
e winds
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winds prevented our going down the river till the
26th, when I received my inftructions for the
voyage, dated the 25th ; directing me to fall down
to the Nore in the Race-horfe, and there taking
under my command the Carcafs, to make the beft
of my way to the Northward, and proceed up to
the North Pole, or as far towards it as poffible,
anid as nedarly upon a meridian as the ice or other
obftructions might admit; and, during the courfe
of the voyage, to make fuch obfervations of every
kind as might be afeful to navigation; or tend to
the promotion of natural knowledge : in cafe of
arriving at the Pole, and even finding free naviga-
tion on the oppofite metidian, not to proceed any
farther; and at all events to fecure my retura to
the Nore before the winter fhould fet in. There
was alfo a claufe authorizing mie to proceed, in un-
forefeen cales, according to my own difcretion; and
another claufe direting me to profecute the voyage
on board the Carcafs, in cale the Racehorfe fhould
be loft or difabled.

o7th. I anchored at the Nore, and was joined
by Captain Lutwidge, in the Carcafs, on the 3oth:
her equipment was to have been in all refpets the
fame as that of the Racehorfe, but when fitted,
Captain Lutwidge finding her too deep in the wa-
ter to proceed to fea with fafety, obtained leave of
the Admiralty to put fix more guns on fhore, to
reduce the complement to eighty men, and return
" a quantity
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a quantity of provifions proportionable to that re-
duction. 'The officers were recommended by Cap-
tain Lutwidge, and did juftice to his penetration
by their conduét in the courfe of the voyage. Dur-
ing our ftay here, Mr. Lyons landed with the al-
tronomical quadrant at Sheernefs fort, and found
the latitude to be 51° 31’ 30", longitude 0 30
Eaft. The Eafterly winds prevented our moving
this day and the following.

June 2d. Having the wind to the Weftward of
North, at five in the morning I made the fignal to
weigh ; but in lefs than half an hour, the wind
fhifting to the Eaftward and blowing frefh, I furled
the topfails, The wind came in the afternnon to
NbE; we weighed, but did not get far, the
tide of flood making againft us.

3d. The wind blowing frefh all day Eafterly,

we did not move.

4th. The wind coming round to the Weft-
ward at fix in the morning, I weighed immediate-
ly, and fent the boat for Captain Lutwidge, to de-
liver him his orders. At 10 A.M. Jongitude by
the watch 56' E. At noon the latitude obferved
was 51° 37’ 36" N. At eight in the evening we
had got as far as Balfey CIiff, between Otford and
Harwich. Little wind at night.

C3 sth.
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sth. Anchored in Hofeley Bay at half paft fe-
ven in the evening, in five and an half fathom
water, Orford Caftle NEbN.

Angle between Aldborough Church and} o g
Orford Light Houfe, 7 3
Light Houfe and Orfurd Church, . ., 18 16
Orford Church and Caftle, . , . . 2 20
Caftle and Hofeley Church, . . . . 100 39
Hofeley and Balfey Church, . . . . 25 24

6th. At five in the morning, the wind at
SSW, weighed, and ftood out to fea, finding I
might lofe two tides by going through Yarmouth
Roads. Examined the log line, which was marked
forty-nine feet ; the glafs was found, by comparing
it with the time-keeper, to run thirty feconds: at
noon latitude obferved 52° 16’ 54", longitude by
the watch 1° 30’ 15" E.

Angle between Southwold and Walderf-) ,

wick, i E ° 39
Walder{wick and Dunwuh USSR S I
Dunwich and Aldborough, . . . . 46 353
Southwold N W i N, fuppofed diftance three
leagues. We concluded the latitude of South-
would to be 52° 22', and longitude 1° 18’ 15" E.
The dip was 73° 22"

yth,
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nth, The wind was Northerly all day, and
blew frefh in the morning.. We had ftood far out
in the night and the day before, to clear the Le-

mon and Ower.

gth. Little wind moft part of the day, with a
very heavy fwell. Stood in for the land. At half
paft ten longitude by the watch o° 41’ 15" E. At
noon the latitude was 53° 38’ 37" We faw the
high land near the Spurn, in the evening.

gth. About noon Flamborough Head bore N'W
b N diftant about fix miles: we Wwere by obferva-
tion in latitude 54° 4 54", longitude 0° 27° 15
E; which makes Flamborough Head, in latitude
54° 9’ longitude ©f 19" 15" E. In the afternoon
we were off Scarborough. Almoft calm in the

evening.

soth., Anchored in the morning for the tide in
Robin Hood’s Bay, with litle wind at N W:

worked up to Whitby Road next tide, and anchor-
ed there at four in the afternoon, in fifteen fathom,

with very little wind.

compleated our

t1th. Calm in the morning;
At nine in the

water, live ftock and vegetables.
morning longitude obferved by the }vatch 19 55°

30% W; Whitby Abbey bore SiW. Weighed
C 4. with
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with the wind at SE, and fteered NE b N to get
fo far into the mid-channel as to make the wind
fair Eafterly or Wefterly, without being too near
either fhore, before we were clear of Shetland and
the coaft of Norway.

12th, The wind at S E, and the fhip well ad-
vanced, I ordered the allowance of liquor to be
altered, ferving the fhip’s company one-fourth of
their allowance in beer, and the other three-fourths
in brandy ; by which means the beer was made to
laft the whole voyage, and the water confiderably
faved. One half of this allowance was ferved im-
mediately after dinner, and the other half in the
evening. It was now light enough all night to
read upon deck.

13th. The weather flill fine, but confiderably
lefs wind than the day before, and in the afternoon
more Northerly. The longitude at ten in the
morning was found by my watch 0° 6°W, We
took three obfervations of the moon and fun for the
longitude; the extremes differed from one another
near two degrees: the mean of the three gave the
longitude 1° 37” E. At noon the latitude obferved
was 592 82” 31”7, We found a difference of 36°
between the latitude by dead reckoning and obfer-
vation, the fhip being fo much more Northerly
than the reckoning. The diftance by this log was

too
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too fhort by forty-three miles. A log marked forty-
five feet, according to the old method, would have
agreed with the obfervation within two miles in the
two days’ run. The circumftance of fteering upon
a meridian, which afforded me fuch frequent op-
portunities of detecting the errors of the log, in-
duced me to obferve with care the comparative
accuracy of the different methods of dividing the
line, recommended by mathematicians, or practifed
by feamen. In the afternoon I went on board the
Carcals to compare the time-keepers by my watch.
At fix in the evening the longitude by my watch
09" 4 E. This evening the fun fet at twenty-four
minutes paft nine, and bore about N N'W by the
compafs. The clouds made a beautiful appearance
long after to the Northward, from the reflection of
the fun below the horizon. It was quite light all
night : the Carcafs made the fignal for fecing the
land in the evening.

14th. Little wind, or calm, all day; but very
clear and fine weather. Made feveral different ob-

- fervations for the longitude by the fun and moon,
and by my watch. The longitude of the fhip was
found by my watch, at ten in the morning, to be
19 11’ 45" W. The longitude by the lunar ob-
fervations differed near two degrees from one ano-
ther. By the mean of them the fhip was in longi-
tue 2° 57" 45" W. Some Shetland boats came on
board with fith. At noon the latitude by obferva-
tion
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tion was 60° 16’ 45”. At one in the afternoon
the dip was obferved to be 73° 30'; and at eight,

5° 1§ : the evening calm, and very fine; the
appearance of the fky to the Northward very beau-
tiful. Variation, by the mean of feveral obferva-
tions, 22° 25' W.

15th. By an obfervation at eight in the morning,
the longitude of the Dip was by the watch 0° 39”
W : Dip 749 52". At half paftten in the morning,
the longitude, from feveral obfervations of the fun
and moon, was 0% 17° W ; at noon being in lati-
tude 60° 19’ 8", by obfervation, I took the dif-
tance between the two fhips by the Megameter;
and from that bafe determined the pofition of
Hangcliff, which had never before been afcertain-
ed, though it is a very remarkable point, and fre-
quently made by fhips. According to thefe obfer-
vations it is in latitude 60° ¢’, and longitude o°
56" 30" W. In the Appendix I fhall give an ac-
count of the manner of taking furveys by this in-
ftrument, which I believe never to have been
practifed before. At one, obferved the dip to be
75°. A thick fog came on in the afternoon, with
a flat calm; we could not fee the Carcafs, but
heard her anfwer the fignals for keeping company.

Variation, from the mean of feveral obfervations,
25° 1' W,

16th,
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16th. A very thick fog in the morning; latitude
obferved at noon 60° 29' 17": the dip was ob-
{erved at nine in the evening to be 76° 45" In the
afternoon, the weather clear, and the wind fair,
ficered N NE : fent Captain Lutwidge his further
orders and places of rendezvous.

17th. Wind fair, and blowing freth at SSW,
continued the courfe N N E: ordered the people a
part of the additional clothing : faw an Englith
floop, but had no opportunity of fending letters on
board, the fea running high. At ten in the morn-
ing, longitude by the watch o 19’ 45" W: at
noon, the latitude obferved was 62° 59’ 27
The fhip had out-run the reckoning eleven miles.
I tried Bouguer’s log twice this day, and found it
give more than the common log. Variation 19°
22' W.

18th. Little wind all day, but fair, fromSSW
to SE: ftill fteering N NE: latitude obferved at
noon 65° 18 17". At three in the afternoon,
founded with 300 fathom of line, but got no
ground. Longitude by the watch 1° o 30" W.

rgth. Wind to the N'W. T'ook the meridian ob-
fervation at midnight for the firft time: the fun’s

lower limb o° 37" 30" above the horizon; from
which
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which the latitude was found 66° 54" 39" N: at
four in the afternoon, longitude by the watch o° 58
45" W: atfix the variation 19° 11’ W,

20th. Almoft calm all day. ‘The water being
perfectly fmooth, T took this opportunity of trying
to get foundings at much greater depths than I
believe had ever been attempted before, I founded
with a very heavy lead the depth of 780 fathom,
without getting ground; and by a thermometer
invented by lord Charles Cavendifh for this purpofe,
found the temperature of the water at that depth
to be 26° of Fahrenheit’s thermometer ; the tem-
perature of the air being 48° £.

We began this day to make ufe of Doctor Itv-
ing’s apparatus for diftilling frefh water from the
fea: repeated trials gave us the moft fatisfattory
proof of its utility: the water produced from it
was perfectly free from falt, and wholefome, being
ufed for boiling the fhip’s provifions; which con-
venience would alone be a defirable object in all
voyages, independent of the benefit of fo ufeful a
refource in cafe of diftrefs for water. The quantity
produced every day varied from accidental circum-
ftances, but was generally from thirty-four to forty
gallons, without any great addition of fuel. Twice
indeed the quantity produced was only twenty-three
gallons on each diftillation ; this amounts, to more

than
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than a quart for each man, which, though not a
plentiful allowarice, is much more than what is
neceffary for fubfiftence. In cafes of real neceflity
I have no réafon to doubt that a much greater
quantity might be produced without an inconve-
nient expence of fuel.

a1ft. A frefh galeat S E all day ; fteered NNE,
At four in the morning we fpoke with a fnow from
the feal fifhery, bound to Hamburgh, by which
we ferit fome letters. At fix in the morning the
variation, by the mean of feveral obfervations,
was 23° 18" W. Longitude by the watch at nine
was o° 34 30’ W. Latitude obferved at noon
68° 5.

52d. Calm moft part of the day; rainy and ra-
ther cold in the evening. At noon obferved the

dip tobe y%° 52'.

23d. Very foggy all day ; the wind fair; alter-
ed the courfe and fteered NE and EN E, to get
more into the mid channel, and to avoid falling in
with the Weftern ice, which, from the increafing
coldnefs of the weather, we concluded to be near.
At feven oclock in the morning, being by our
reckoning to the Northward of 72°, wefaw a piece
of drift wood, and a fmall bird called a Redpoll.
Dip obferved at nine in the evening to be 81° 30"

g4th.
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24th. Very foggy all the morning; the wind
came round to the Northward. The dip obferved
at noon was 80° 35" In the afternoon, the air
much colder than we had hitherto felt it; the
thermometer at 34°. A fire made in the cabin foy
the firft time, in latitude 73° 40°

25th, Wind Northerly, with a great fwell ; fome
fnow, but in general clear. At eight in the morn-
ing, the longitude obferved by the watch was
7° 15" E. Made feveral obfervations on the vari-
ation, which we found, by thofe taken at feven in
the morning, to be 19° o' W ; by others at three in
the afternoon, only #° 4%’ W. 1 could not account
for this very fudden and extraordinary decreafe,
as there were feveral different obfervations taken
both in the morning and evening, which agreed
perfectly well with each other, without any apps-
rent caufe which could produce an error affeting
all the obfervations of either fer. At eight in the
evening the longitude by the moon was 12° 57" 30"
E, which differed 2° 35’ from that by the watch,
Little wind at night,

26th. Little wind all day; the weather very fine
and moderate. The latitude obferved at noon was
74° 25". The thermometer expofed to the fun,
which fhone very bright, rofe from 41° to 61° in
- twenty
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twenty minutes. By each of two lunar obferva-
tions which I took with a fextant of four inches
radius, at half paft one, the longitude was ¢° 57’
30" E; which agreed within thirty-feven minutes
with an obfervation made by the watch at half an
hour after three, when the longitude was 8° 52’
30" E,  Dip 79° 22"

onth. At midnight the latitude obferved was
74° 26". The wind came to the S' W, and con-
tinued fo all day, with a little rain and fnow. The
cold did not increafe. We ftecered NbE. At
feven in the morning the variation, by a mean of
feveral obfervations, was found to be 20° 38" W.
We were in the evening, by all our reckonings, in
the latitude of the South part of Spitfbergen, with-
out any appearance of ice or fight of land, and with
a fair wind,

28th. Lefs wind in the morning than the day
before, with rain and fleet: continued fteering to
the Northward. At five in the afternoon picked
up a piece of drift wood, which was fir, and not
worm-eaten : founded in 29o fathom ; no ground.
At fix the longitude by the watch was 7° 50" E:
between ten and eleven at night, faw the land to
the Eaftward at ten or twelve leagues diftance,
At midnight, dip 81° 4.

29th.
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2gth. The wind Northerly ; ftood clofe in with
the land. The coaft appeared to be neither habi-
table nor acceffible ; it was formed by high, barren,
black rocks, without the leaft marks of vegetation;
in many places bare and pointed, in other parts
covered with fnow, appearing even above the
clouds: the vallies between .the high cliffs were
filled with fnow or ice. This profpect would have
fuggefted the idea of perpetual winter, had not the
mildnefs of the weather, the fmooth water, bright
funfhine, and conftant day-light, given a chearful-
nefs and novelty to the whole of this ftriking and
romantick fcene,

I had an opportunity of making many obferva-
tions near the Black Point. Latitude obferved at
noon %7° 59’ 11". The difference of latitude,
from the laft obfervation on the 24th at midnight
to this day at noon, would according to the old me-
thod of marking the log have been two hundred
and thirteen miles; which agrees exactly with the
obfervation. At three in the afternoon, brought
to and founded 110 fathom; foft muddy ground:
hoifted out the boat and tried the fiream; found
it, both by the common and Bouguer’s log (which
agreed exactly) to run half a knot North; Black
Point bearing EN E. At four the longitude by
the watch was ¢° 31’ E: at eight the variation,
by the mean of nineteen obfervations, 11° 53' W.

' I could
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I could not account from any apparent caufe for
this great change in the variation: the weather
was fine, the water fmooth, and every precaution
we could think of ufed to make the obfervations
accurate, 'The dip was 80° 26'. Plying to the
Northward,

36th. At midnight the latitude by obfervation
was #8° o zo’. At four in the morning, by
Lord Charles Cavendifh’s thermometer the tem-
perature of the water at the depth of 118 fathoms
was 31° of Fahrenheit’s; that of the air was at
the fame time 40°%. At nine in the morning we
faw a fhip in the N W, ftanding in for the land.
Having little wind this morning, and that Nor-
therly, I ftood in for the land, with an intention to
have watered the fhip, and got out immediately,
but was prevented by the calm which followed. At
noon the latitude obferved was #8° 8'; the dip
ng° g30/. Attwo in the afternoon we founded 1n
115 fathom; muddy bottom : at the fame time
we fent down Lord Charles Cavendifh’s thermo-
meter, by which we found the temperature of
the water at that depth to be 33°; that of the
water at the furface was at the fame time 40%
and in the air 44° £ Fahrenhei’s thermometer
plunged in water brought up from the fame depth,
ftood at 38% . This evening the mafter of a
Greenland Ship came on board, who told me, that
he was juft come out of the ice which lay to the
D Weltwarg
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Weftward about fixteen leagues off, and that three
fhips had been loft this year, two Englith, and one
Dutch. The weather fine, and rather warm. At
fix in the evening the longitude by my watch was
9° 28" 45" E.

July 1ft. Little wind Northerly, or calm, all
day: the weather very fine, and o warm that we
fat without a fire, and with one of the ports open in
the cabin. At noon the latitude obferved was
78° 13" 36"; Black Point bearing S 78° E;
which makes the latitude of that point nearly the
fame as that of the fhip, and agrees very well with
the chart of this coaft in Purchas.

2d.” Little wind, and calms, all day; the wea~
ther very fine. At fix in the morning five fail of
Greenlandmen in fight. At noon the latitude ob-
ferved was 782 22’ 41", I took a furvey of the
coaft, as far as we could fee: I took allo with the
megameter the altitudes of feveral of the moun-
tains : but as there is nothing particularly intereft-
ing to navigators in this part of the coaft, I fhall
only mention the height of one mountain, which
was fifteen hundred and three yards. This may
ferve to give fome ideaof the appearance and fcale
of the coaft. At half paft fix the longitude by the
watch was 9° 8’ 20" E: Variation 14° 55’ W,

3. Latitude
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3. Latitude at midnight 78° 23" 46": Dip 80°
45'. The weather fine, and the wind fair all day.
Running along by the coaft of Spitfbergen all day :
feveral Greenlandmen in fight. Between nine and
ten in the evening we were abreaft of the North
Foreland, bearing E b S ¢ S, diftance 1  mile.
Sounded in twenty fathom ; rnd\ grouad.
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4th. ~Very little wind in the morning. = At noon
the latitude by obfervation was 79° 31. Mag-
dalena Hook bore N 39° E diftant .buut four
miles ; which gives the latitude of that place 79°
24'; the fame as Fotherby obferved it to be in
1614. Stood in to a fmall bay to the Southward
of Magdalena and Hamburgher’s Bay : anchored
with the ftream anchor, and fent the boat for wa-
ter. About three in the afternoon, when the boat
was fent on fhore, it appeared to be high water,
and ebbed about three feet. This makes high wa-
ter full and change at half an hour paft one, or
witha SS W moon; which agrees exactly with
Baffin’s obfervation in 1613. The flood comes
from the Southward. Went afthore with the aftro-
nomer, and inftruments, to obferve the vanation,
A thick fog came on before we had completed the
obfervations. The fhip driving, I weighed and
ftood out to fea under an eafy fail, firing guus fre-
quently to fhew the Carcafs where we were 5 and in
D lefs

~
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lefs than two hours joined her. Soon after, (about
four in the morning of the sth) the Rockingham
Greenland Ship ran under our ftern, and the mafter
told me he had juft fpoke with fome fhips from
which he learnt, that the ice was within ten leagues
of Hacluyt’s Head Land, to the North Weft. In
confequence of this intelligence, 1 gave orders for
fteering in towards the Head Land ; and if it fhould
clear up, to fteer directly for it; intending to go
North from thence, till fome circumftance fhould
oblige me to alter my courfe.

sth. At five the officer informed me, that we
were very near fome iflands off Dane’s Gat, and
that the pilot wifhed to ftand farther out; I ordered
the fhip to be kept N b W, and hauled farther
in, when clear of the iflands. At noon [ fteered
North, feeing nothing of the land; foon after I
was told that they faw the ice: I went upon deck,
and perceived fomething white upon the bow, and
heard a noile like the furf upon the fhore ; I hauled
down the ftudding fails, and hailed the Carcafs to
fet them know that I fhould ftand for it to make
what it was, having all hands upon deck ready to
haul up at a moment’s warning: I defired that
they would keep clofe to us, the fog being fo
thick, and have every body up ready to follow our
motions inftantaneoufly, detcrmining to ftand on
under fuch fail as fhould enable ‘us to keep the
fhips
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fhips under command, and not rifk parting com-
pany. Soon after two {mall pieces of ice not above
three feet fquare pafied us, which we fuppofed to
have floated from the fhore.; It-was not Jong be-
fore we faw fomething on the bow, part black and
part covered with {now, which from the appear-
ance we took to be iflands, and thought that we
had not ftood far enough out; I hauled up 1m-
mediately to the N'N W and was foon undeceiv-
ed, finding it to be ice which we could not clear
upon that tack ; we tacked immediately, but the
wind and fea both fetting dire€tly upon it, we
neared it very faft, and were within little more
than a cable’s length of the ice; whilft in. ftays.
The wind blowing frefh, the fhips would have
been in danger on the leeice, had not the officers
and men been very alertin working the fhip. « The
ice, as far as we could then fee, lay nearly EbN
and W bS/ - At half paft feven in the evening, the
{hip running entirely to the Southward, and the
weather clearing a little, I tacked, and ftood - for
the ice. When 1 faw it; D bore down to make it
plain; atten the ice lay from N W to Eaft, and
no opening.  Very foggy, and little wind, all day;
but not cold. At eleven came on a thick fog. At
half paft midnight, heard: the farge of the ice, and
hauled the wind to the Eaftward.

6th.

D

w




38 JOU RNRIL |y

6th. * Clear weather all day, and the wind Ea-
fterly off the ice.” Inthe morning I ftood in to
make the land plain. At fix, was withig four
miles of  the ice; which bore from ENE to
WN W: at ten near Vogel Sang : at noon, lati-
tude obferved 99° 56' 39; wind Eafterly. Con-
tinued- plying to windward between the land and
the ice: was within a quarter of a mile of the
ice, which lay from ENE to NN W, when I
tacked at two in the afternoon ; apd within half a
cable’s length at midnight ; the Carcafs was a great
way aftern and toleeward all day. Being fo near
the laft rendezvous, I did not chufe to bring to for
her, but was Very anxious to avail myfelf of this
favourable opportunity, having the wind off the
ice and clear weather, to fee whether there was any
opening to the N'E of the Head Land, By all the
accounts - from ' the Greenlandmen this year, and
particularly the laft account from the Rockingham,
as well as from what we had feen ourfelves, the jce
appeared to be quite clofe to the N W. We had
feen itfrom ESE to WN W It was probable
that the fea, if open any where, would be {6 to the
Eaftward, where the Greenlandmen do not often
venture, for fear of being prevented from retyrp-
ing by the ice Joining to Spittbergen, I determined
therefore, thould the wind continue in the fame
Quarter next day, to find whether the ice joined to
the
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the land, or was fo detached as to afford me an op-
portunity of pafling to the Eaftward. In cafe of
the ice being faft I could, with the wind Eafterly,
range clofe along the edge of it to the Weftward.,
The weather exceedingly fine. At fix in the af-
ternoon, the longitude by the watch was 9° 43"
30" E.

wth. At five in the morning the wind was Nor-
therly, and the weather remarkably clear. Being
near the ice I ranged along it. It appeared to be
clofe all round ; but I was in hopes that fome open-
ing might be found to get through to a clear feato
the Northward. I ran in amongft the {mall ice,
and kept as clofe as pofiible to the main body, not
to mifs any opening. At noon, Cloven Ciff
W & S feven leagues. At one in the aftemoon, .
being ftill amongft the loofe ice, 1 fent the boat to g
one of the large pieces to fill water. At four we
fhoaled the water very fuddenly to fourteen fa-
thom : the outer part of Cloven Cliff bore W ; N: i |
Redcliff, S # E.  The loofe ice being open to the
ENE, we hauled up, and immediately deepened ,
our water to twenty-eight fathom ; muddy ground, i
with fhells, ~ At half paft four, theice fetting very
clofe, we ran between two pieces, and having little
wind were ftopped. The Carcals being very near,
and not anfwering her helm well, was almoft on
board of us. After getting clear of her, we ran
D 4 to

y W =
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to the Eaftward. Finding the pieces increafe in
number and fize, and having got to a part lefs
crowded with the drift ice, I brought to, at fix in
the evening, to fee whether we could difcover the
leaft appearance of an opening: but it being my
awn opinion, as well as that of the pilots and offi-
cers, that we could go no farther, nor even remain
there without danger of being befet, I fent the boat
on board the Carcafs for her pilots, to hear their
opinion ; they both declared that it appeared to
them impracticable to proceed that way, and that
it was probable we fhould foon be befet where we
were, and detained there. The ice fet fo faft
down, that before they got on board the Carcafs
we were faft.  Captain Lutwidge hoifted our boat
up, to prevent her being ftove. We were obliged
to heave the fhip through for two hours, with ice
anchors, from each quarter; nor were we quite
out of the ice till midnight. This is about the
place where moft of the old difcoverers were ftop-
ped. The people in both fhips being much fa-
tigued, and the Carcafs not able to keep up with
us, without carrying ftudding-fails, I thortened fail as
foon as we were quite out, and left orders to ftand
to the Northward under an eafy fail : I intended,
having failed in this attempt, to range along the
ice to the N W, " in hopes of an opening that way,
the wind being fair, and the weather clear; re-
folving, if I found it all folid, to return to the Eaft-

ward,
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it might by that time be
¢ very mild weather encou-

July.]
ward, where probably

broken up;, which th
raged me to expect,

gth. Little wind in the morning, and a fwell
fetting on the ice, we Were obliged to get the boats
a-head, to tow the fhip clear; which they effected
with difficulty. A breeze {pringing up when we
were within two cables lengths of the main body
of the ice, ftood in for the land, and attacked at
two, to ftand to the NW for the ice; but the

weather coming thick between five and fix, I ftood
It clearing up foon after, |

in again for the land.
At ten, fpoke

bore away again N'W for the ice.
with a Greenland Ship which had juft left the ice
all clofe to the NN'W.  Between eleven and twelve
the wind came to the SW, with an heavy {well,
and thick weather. Double-reefed the topfails, and
tacked at twelve, to ftand in for Hacluyt's Head
I.and, not thinking it proper to run in with the faft
ice to leeward in thick weather, without even the
probability of an opening ; and ‘propofing if that
weather continued, to complete the fhip's water,
and be ready with the firft wind, off or along the
jce, to look out for an opening, and run'in.”” To
ce which from the experience
of the preceding day 1 perceived might happen,
from too many running to one place on any fudden
order, Idivided the people into  gangs under the
midfhipmen, and ftationed tl
and to go over upoh th

avoid any inconvenien

yem to the ice hooks,
e ice when

9111.

poles, crabs,

wanted.
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oth. Having a fair opportunity, and SW wind,
ftood to the Weftward ; mtending, when the wea-
ther was clear, to make the ice to the Northward,
and run along it, About twelve, clearer ; faw the
faft ice to the Northward, and the appearance of
loofe ice to the N'W': ftood direétly for it, and got
amongft it between two and three; fteering as
much to the Northward as the fituation of the jce
would permit. At fix obferved the dip 81° 5
At half paft feven, found the jce quite faft to the
Wett, being in longitude 2° 2" E, by our reckon-
ing, which was the fartheft to the Weftward of
Spittbergen that we got this voyage. At eight the
fog was fo very thick, that we could neither f{ee
which way to pufh for an opening, nor where the
Carcafs was, though very near us. That we might
not rifk parting company with her, I was obliged to
ply to windward under the topfails, tacking every
quarter of an hour tq keep in the opening in which
we were, and clear of the ice which furrounded
us, At four in the afternoon we were in 80° 26

’
2 .

1oth.  We loft the Carcafs twice in the night,
from the veny thick fog, and were working all
night amongft the ice, making very fhort tacks
the opening being fmall, and the floating ice very
thick about the thip. The fituation of the people
from thevery fatiguing work and wet weather, made
the moft minute precautions neceflary for the pre-
fervation of their health: we pow found the ad-

rantaoe
¥ amagn.
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vantage of the fpirits which had been allowed for
extraordinary occafions ; as well as the additional
cloathing furnifhed by the Admiralty. Notwith-
ftanding every attention, feveral of the men were
confined with colds, which affe@ted them with
pains in their bones; but, from the careful attend-
ance given them, few continued in the fick lift
above two days at a time. At nine in the morns
ing, when it cleared a little, we faw the Carcafs
much to the Southward of us. Itook the oppors
tunity of the clear weather to run to the Weftward,
and found the ice quite folid there; I then ftood
through every opening to the Northward, but
there alfo foon got to the edge of the folid ice. I
was forced to haul up to weather a point which ran
out from it. After I had weathered that, the ice
clofing faft upon me, obliged me to fet the forefail,
which, with the frefh wind and fmooth water, gave
the fhip fuch way as to force through it with a vio-
lent ftroke. At one in the afternoon, immediately
on getting out info the open fea, we found a heavy
fwell fetting to the Northward; though amongft
the ice, the minute before, the water had been as
fiooth as a mill pond. The wind blew ftrong at
SSW. ‘The ice, as far as we could fee from the
maft head, lay ENE: we fteered that courfe clofe
to it, to look for an opening to the Northward. 1
now began to conceive that the ice was one com-
pact impenetrable body, having run along it from
Eaft to Weft above ten degrees. 1 purpofed how-

Ever
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everto ftand over to the Eaftward, in order to afcer-
tain whether the body of ice joined to Spitfbergen.
This the quantity of loofe ice had before rendered
impracticable; but thinking the Wefterly winds
might probably by this time have packed it all that
way, Iflattered myfelf with the hopes of meeting
with no obftruction till I fhould come to where it
Joined the land; and in cafe of an opening, how-
ever {mall, I was determined at all events to pufh
through it. The weather clearer, and the land
in fight.

11th. At half patt four in the morning the
longitude by the lunar obfervation was ¢° 42’ E.
And at the fame time by my watch ¢° 2’ E. Clo-
ven Cliff SSE, diftant eight miles. This would
make the longitude of Cloven Cliff ¢° 38’ E; which
is within twenty minutes of what it was determined
by the obfervations and furvey taken in Fair Ha-
ven. At noon the latitude obferved was 80° 4';
Vogel Sang WS W. Little wind and a great fwell
in the morning. Calm moft part of the day,

12th. Calm all day, with a great fwell from
the SW, and the weather remarkably mild. At
eight in the evening longitude by the ‘watch 10°
54" 30" E: Cloven Cliff SWbS. The Carcas
drove with the current {o near the main body of
the ice, as to be obliged to anchor; fhe came to
in twenty-fix fathom water.

13th.
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rath. Calm till noon, the fhip driving to the
Weftward with the current, which we obferved
to be very irregular, the Carcafs being driven at
the fame time to the Eaftward. Near the main
body of the ice, the detached pieces probably affect
the currents, and occafion the great irregularity
which we remarked. We had found an heavy
(well from the SW thefe two days. At two in
the afternoon it came on very (uddenly to blow frefb
from that quarter, with foggy weather: we work-
ed into Vogel Sang, and anchored with the beft
bower in eleven fathom, {oft clay.

The place where we anchored is a good road-
ftead, open from the NE to the NW. The
Northeafternmoft point is the Cloven Cliff, a bare
rock fo called from the top of it refembling a clo-
ven hoof, which appearance it has always worn,
having been named by {fome of the firft Dutch na-
vigators who frequented thefe feas. This rock be-
ing entirely detached from the other mountains, and
joined to the reft of the ifland by a low narrow ifth-
mus, preferves in all fituations the fame form ;
and being nearly perpendicular, it is never dif-
guifed by fnow. Thefe circumftances render it
one of the moft remarkable points on the coaft.
The Northwefternmoft land is an high bluff peint,
called by the Dutch, Vogel Sang. This found,
though open to the Northward, is not liable to any
inconvenience from that circumftance, the main

body
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body of the ice lying fo near as to prevent any great
fea; nor are thips in any danger from the loofe jce
fetting in, as this road communicates with feveral
“others formed by different iflands, between all
which there are fafe paflages. To all the founds
and harbours formed by this knot of iflands, the
old Englith navigators had given the general name
of Fair Haven; of which Fotherby took a plat in
1614: that in which the Racchorfe and Carcafs lay
at this time they called the North Harbour ; the
hatbour of Smeerenberg, diftant about eleven
miles, (in which we anchored in Auguft) they nam-
ed the South Harbour. Befides thefe, there are
feveral others;; particularly two, called, Cook’s
Hole, and the Norways, in both which feveral
Dutch fhips were lying at this time. Here the
fhore being fteep-to, we completed our water with
great eafe, from the ftreams which fall in many
Places down the fides of the rocks, and are pro-
duced by the melting of the foow. I fixed upon a
fmall flat ifland, or rock, about three miles from
the fhip, and almoft in the center of thofe iflands
which form the many good roads here, as the
propereft place for erecting a tent, apd making
obfervations, The foggy weather on the 14th
prevented us from ufing the inftruments that day.
I regretted this circumftance much, fearing it
would deprive me of the only probable opror-
tunity of making obfervations op fhore in thofe
high latitudes, as oyr water was nearly recruited -

however,
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however, having little wind, with the weather
very fair from the 15th to the 18th in the morn-
ing, | made the beft ufe of that time. Evenin the
cleareft weather here, the fky was never free from
clouds, which prevented our feeing the moon dur-
ing the whole of our ftay, or even being fure of
our folar obfervations, Mr. Lyons never having
been able to get equal altitudes for fettling the rates
of going of the time-keepers. Once indeed we
were fortunate enough to obferve a revolution of
the fun, of which I availed myfelf to determine
the going of the pendulum adjufted to vibrate fe-
conds at London. During the courfe of this ex-
periment,- a particular and conftant attention was
paid to the ftate of the thermometer, which I
was furprifed to find differ fo liwtle about noon
and midnight; its greateft height was 58°;, at
eleven in the forencon ; atmidnight it was 51°.

On the 16th, at noon, the weather was re-
markably fine and clear. The thermometer in the
fhade being at 49°, when expofed to the funrofe in
a few minutes to §¢g°%, and remained fo for fome
time, till a fmall breeze fpringing up, made it fall
10° almoft inftantly. The weather at this time
was rather hot; fo that T imagine, if a thermome-
ter was to be graduated according to the feelings
of people in thefe latitudes, the point of tempera-
ture would be about the 44th degree of Fahren-
heit's fcale. From this ifland 1 took a furvey, to

alcurtain
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afcertain the fituation of all the points and openings,
and the height of the moft remarkable mountains :
the longeft bafe the ifland would afford was only
618 feet, which I determined by a crofs bafe, as
well as actual meafurement, and found the refults
not to differ above three feet. To try how far the
accuracy of this furvey might be depended upon, I
took in a boat, with a fmall Hadley’s fextant, the
angles between feven objects, which interfeéted
exactly when laid down upon the plan. 1 hada far-
ther proof of its accuracy fome days after, by tak-
ing the bearings of Vogel Sang and Hacluyt's Head
Land in one, whichcorrefponded exactly with theit
pofition on my chart.

On the 17th, the weather being very clear, 1
went up one of the hills, from which I could fee
feveral leagues to the N E: the ice appeared uni-
form and compact, as far as my view extended.
During our ftay here, we found the latitude of the
ifland on which the obfervations were made, to be
79° 50'; longitude 10° 2’ 30" E; variation 20°
38’ W dip 82° 4': latitude of Cloven Cliff 7¢°
53'; longitude ¢° 59' 30" E: Hacluyt’'s Head
Land 79° 47"; longitude ¢° 11’ 30" E. The
tide rofe about four feet, and flowed at half an
hour after one, full and change. The tide fet ir-
regularly, from the number of iflands between
which it paffed; but the flood appeared to come
from the Southward. ‘
18th,
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18th. The calm weather fince the 14th had
given us full time to finith the obfervations, and
complete our water: a breeze {pringing up in the
morning, Iwent afhore to get the inftruments on
board. Between one and two we weighed, with
the wind Wefterly, and ftood to the Northward.
Between eleven and twelve at night, having run
about eight leagues, we were prevented by the
ice from getting farther. We ftood along the edge
of it to the Southward. At two in the morning,
being embayed by the ice, I tacked, and left or-
ders to ftand to the Eaftward along the edge of the
ice, as foon as we could weather the point; hop-
ing, if there fhould be no opening between the land
and the ice, thatI (hould at leaft be able to afcer-
tain where they joined, and perhaps to difcover
from the land, whether there was any profpect of
a paflage that way : At that time the ice wasall folid
as far as we could fee, without the leaft appearance
of water to the Northward.

1gth. At fix in the morning we had got to the
Eaftward among the loofe ice which lay very thick
in fhore, the main body tothe Northward and Eaft-
ward: the land near Deer Field not four miles off,
and the water fhoaled to twenty fathoms. Here
we found ourfelves nearlyin the fame place where
we had twice been ftopped, the ice fitnated as be-
fore, locked with the land, without any paffage €i-
ther to the Eaftward or Northward: I therelore
E {tood
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ftood back tothe Weftward. At noon the North-
ernmoft part of Vogel Sang bore SW b S, diftant
about feven leagues. The weather being very fine,
and the wind to the Eaftward, we were enabled to
coaft along the ice to the Weftward, hauling into all
the bays, going round every point of ice in fearch
of an opening, and ftanding clofe along by the main
body all day, generally within a fhip’s length

soth. At half after three in the morning the
land was out of fight, and we imagined ourfelves
10 rather more than cighty degrees and an half,
fome of the openings being near two le: agues deep,
had flattered us with lml*r_s of getting to the North-
ward ; but thefe upcnu,bb proved to be no more
than bays in the main body of theice. About one
in the afternoon, we were by our reckoning in about
80° 34, ncarly in the fame place where we had
been on the gth. About three we bore nmy
for what appeared like an opening to the S W
we found the ice run far to the Southward.

2 tft. We ftill continued to run along the edge of
the ice, which trended to the Southward, At noon
we were 1n the latitude of 79° 26/, by obfervation,
which was twenty-five miles to the Southward of
our ;'.-"-cf-:;:_mn.:_g‘ Finding that the diretion of the
ice led us to the Southw ard, and that the current
fet the fame way, I ftood to the Northward and

Weftward clofe along the ice, to try whether the

fea
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fea was opened to the Northward by the wind
from that quarter. At nine in the evening we had
no ground with 200 fathom of line. At ten we
got into a ftream of loofe ice. The weather fine,
but cool all day, and fometimes foggy.

22d. At two in the morning we bore away to
the NE, for the main body of the ice; the wea-
ther became foggy foon afterwards. At fix we
faw the ice; and the weather being ftill foggy, we
hauled up to the SS E, to avoid being embayed
in it.  The air very cold.

23d. At midnight, tacked for the body of the
ice. Latitude obferved 80° 13' 38". Rainyinthe
morning ; fair in the afternoon: ftill working up
to the Northward and Eaftward, with the wind
Eafterly. At fix in the evening, the Cloven CIiff
bearing South about fix leagues, founded in 200
fathom, muddy ground; the lead appeared to
to have funk one third of its length in the mud. At
two in the morning, with little wind, and a fwell
from the South Weft, I ftood to the Northward
amongft the loofe ice: at half paft two the main
body of the ice a cable’s length off, and the loofe
ice {o clofe that we wore fhip, not having room or
way enough to tack; ftruck very hard againft the
ice in getting the fhip round, and got upon one
piece, which lifted her in the water for near a mi-
nute, before her-weight broke it. The fhips had
E 2 been
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been fo well ftrengthened, that they received ne
damage from thefe ftrokes; and I could with the -
more confidence puth through the loofe ice, to try
for openings. Hacluyt’s Head Land bore § 50°
W diftant about feven leagues.

24th. By this fituation of the ice we were dif-
appointed of getting directly to the Northward,
without any profpect after fo many fruitlefs attempts
of being able to fucceed to the Weftward ; nor in-
deed, could I with an Eafterly wind and heavy
{well attempt it, as the wind from that quarter
would not only pack the loofe ice clofe to the Weft=
ward, but by fetting the fea on it, make it as im-
proper to be approached as a rocky lee fthore. To
the Eaftward on the contrary it would make {fmooth
water, and detach all the loofe ice from the edges;
perhaps break a ftream open, and give us a fair
trial to the Northward; at all events, with an
Eafterly wind we could run out again, if we did not

find it pradticable to proceed. Finding the ice fo

defirable object to afcertain how far it was poffible
to get to the Eaftward, and by that means purfue
the voyage to the Northward. Thefe confidera-
tions determined me to ply to the Eaftward, and
make another pufh to get through where 1 had
been three times'repulfed.  In working to the Eait-
ward, we kept as near the body of the ice as pof-
ible. At noon the Cloven Cliff bore SWhbS

g
about
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about feven leagues. At fix we were working to
the NE, and at nine we fteered to the SE, the
ice appearing more open that way: we had frefh
gales and cloudy weather. The fhip ftruck very
hard in endeavouring to force through the loofe
ice. At midnight the wind frefhened, and we
double reefed the topfails, It was probably owing
to the frefh gales this day, as well as to the fun-
mer being more advanced, that we were enabled
to get farther than in any of our former attempts
this way. We continued coafting the ice, and ar
two in the morning the north part of Vogel Sang
and Hacluyt’s Head Land in one bore 5 65° W;
Cloven Cliff S 52° W ; the neareft part of the
fhore about three leagues off. When 1 left the
deck, at four in the morning, we were very near
the fpot where the fhips had been faft in the ice
on the yth in the evening, but rather farther to
the Eaftward ; we had paffed over the fame fhoal
water we had met with that day, and were now in
wwenty fathom, rocky ground ; ftill amongft loofe
ice, but not o clofe as we had hitherto found it.

25th, Atfevenin the morning we had deepened
our water to fifty-five fathem, and were ftill among;
the loofe ice. At noon we had deepened our water
to feventy fathom, with muddy bottom, at the
diftance of about three miles from the neareft
land. By two in the afterncon we had pafled
Deer Field, which we had fo often before at-
E 3 tempted
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tempted without fuccefs; and finding the fea open
to the NE, had the moft flattering profpect of
getting to the Northward.  From this part, all the
way to the Eaftward, the coaft wears a different
face ; the mountains, though high, are neither fo
fteep or fharp-pointed, nor of fo black a colour as
to the Weftward. It was probably owing to this
remarkable difference in the appearance of the
fhore, that the old navigators gave to places here-
abouts the names of Red Beach, Red Hill, and Red
Clif.  One of them, fpeaking of this part, has
defcribed the whole country in a few words : « Here
“ (lays he) I faw a more natural earth and clay than
“ any that I have feen in all the country, but no-
“ thing growing thereupon more than in other
“ places” At two in the afternoon we had little
wind, and were in fight of Moffen Ifland, which is
very low and flat,

‘The Carcafs being becalmed very near the ifland
in the evening, Captain I utwidge took that oppor-
tunity of obtaining the following exact account of
its extent, which he communicated to me,

“ At 10 P M, the body of Moffen Ifland bearing
“E b'S diftant two miles; founded thirteen fa-
“ thoms ; rocky ground, with light brown mud,
“and broken fhells, Sent the mafter on fhore,
* who found the ifland to be nearly of a round
“ form, about two miles in diameter, with a lake

sar
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¢ or large pond of water in the middle, all frozen
¢ over, except thirty cr forty yards round the edge
“of it, which was water, with loofe pieces nf
« broken ice, and fo fhallow they walked through
“ it, and went over upon the F.nn {olid ice. The
“ ground between the fea and the pond is from
¢ half a cable’s length to a quarter of 2 mile broad,
« and the whole ifland covered with gravel and
% {mall ftones, without the leaft verdure or vege-
“ tation of any kind. They faw only one piece of
¢ drift wood (about three fathom long, with a root

on it, and as thick as the Carcals’s m izen matft)
which had been thrown up over the high part of
the Tand, and lay upon the declivity towards the
pond. They faw three bears, and a number of

wild ‘ducks, geele, and other fea fovla with

birds nefts all over theifland. The
fcription over the grave of a Dmc.'m..'[ who
was buried there in July 1771. It waslow water
at eleven o'clock when the boat landed, and the
tide appeared to flow eight or nine feet ; at that
time we found a current carrying the Ship to the
N W from the ifland, which before carried us to
the S E (at the rate of a mile an hour) towards
On the Weft fide is a fine white fandy bottom,

from two fathoms, at a fhip’s 1-‘ngth from the
beach, to five fathoms, at half a mile’s diftance

¢ off.”

The .' s all about this iiland,

fiward to partake of the nature of

E4

r
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coaft. To the Weftward the rocks were high,
and the fhores bold and fteep too; here the land
fhelved more, and the foundings were fhoal, from
thirty to ten fathom. Itappears extraordinary that
none of the old navigators, who are (o accurate and
minute in their defcriptions of the coaft, have
taken any notice of this ifland, {o remarkable and
different from every thing they had feen on the
Weftern coaft; unlefs we fhould fuppofe that it did
not then exift, and that the ftreams from the great
ocean up the Weft fide of Spitfbergen, and through
the Waygat’s Straits, meeting here, have raifed
this bank, and occafioned the quantity of ice that
generally blocks up the coaft hereabouts.—At four
in the afterncon, hoifted out the boat, and tried the
current, which fet N Eb E, at the rate of three
quarters of a mile an hour. At midnight, Moffen
liland bore from S Eb S to Sb W, diftant about

five miles.

26th. About two in the morning, we had little
wind, with fog; made the fignals to the Carcafs
for keeping company. At half an hour after three
in the afternoon, we were in longitude 12° 50/ 45"
E; variation, by the mean of five azimuths, 12°
47" W. At nine we faw land to the Eaftward ;
fteering to the Northward with little wind, and no

ice in fight, except what we had paffed.

24th.
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2nth, Working ftill to the N E, we met with

fome loofe ice ; however from the opennefs of the
fea hitherto, fince we had pafled Deer Field, 1 had
great hopes of getting far to the Northward ; but
about noon, being in the latitude of eighty and
forty-eight, by our reckoning, we were ftopped
by the main body of the ice, which we found lying
in a line, nearly Eaft and Weft, quite folid. Hav-
ing tacked, I brought to, and founded clofe to the
edge of the ice, in 79 fathom, muddy bottom.
The wind being ftill Eafterly, I worked up clofe
to the edge of the ice, coafting it all the way. At
fix in the evening we were in longitude 14° 59’ 3o”
E, by obfervation.
=
28th. At midnight the latitude obferved was
80° 37'. The main body of the ice flill lying
the fame direftion, we continued working to the
Eaftward, and found feveral openings to the
Northward, of two or three miles deep; into
every one of which we ran, forcing the fhip,
wherever we could, by a prefs of fail, amongft the
loofe ice which we found here in much larger
pieces than to the Weftward. At fix in the morn-
ing the variation, by the mean of fix azimuths,
vas 11° 56’ W ; the horizon remarkably clear.
At noon, being clofe to the main body of the ice,
the latitude by obfervation was §0° 361 Wwe {found-
ed in 101 fathom, muddy ground. In the afrer-
noon the wind blew frefh at N E, with a thick
fog 3
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fog; the ice hung much about the rigging. ~The
loofe ice being thick and clofe, we found ourfelves
fo much engaged in it, as to be obliged to run
back a confiderable diftance to the Weflward and
Southward, before we could extricate ourfelves :
we afterwards had both the fea and the weather
clear, and worked up to the North Eaftward. At
half paft five the longitude of the fhip was 15°716!
45" E. At feven the Eafternmoft land bore E 3N
diftant about feven or eight leagues, appearing like
deep bays and iflands, probably thofe called in the
Dutch charts the Seven Hands they feemed to be
furrounded with ice. 1 ftood to the Southward, in
hopes of getting to the Snulheuf’mardﬁ round the
ice, and between it and the land, where the water
appeared more open,

20th. At midnight the latitude by obfervation

was §0° 21'. At four, tacked clofe to the ice,

hauled up the forefail and backed the miizen top-

fail, having too much way amongflt the loofe ice.
At noon, latitude obferved g0° 24‘i 56". An
opening, which we fuppofed to be the entrance of

Waygat's Straits, bore South; the Northernmoft
land NEb E; the neareft fhore diftant cbout four
miles. In the afternoon the officer from the deck
came down 10 tell me, we were very near a fmall
rock even with the water’s edge; on going up, I
faw it within little more than a thip’s length on the

he helm down: before the fhip’

goe
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got round, we were clofe to it, and perceived it to
be a very fmall piece of ice, covered with gravel.
In the evening, feeing the Northern part of the
iflands only over the ice, I was anxious to get round
it, in hopes of finding an opening under the land.
Being near a low flat ifland oppofite the Waygat’s
Straits, not higher, but much larger than Moffen
Ifland, we had an heavy fwell from the Southward,
with little wind, and from ten to twenty fathom :
having got paft this ifland, approaching to the
high land to the Eaftward, we deepened our water
very fuddenly to 117 fathom. Having little wind,
and the weather very clear, two of the officers went
with a boat in purfuit of fome fea-horfes, and after-
wards to the-low ifland. At midnight we found by
obfervation the latitude 80> 27' 3", and the dip
82° 4' & At feur in the morning 1 found, by
Bouguer’s log, that the current fet two fathom to
the Eaftward. ‘At fix in the morning the officers
returned from the ifland ; in their way back they
had fired at, and wounded a fea-horfe, which dived
immediately, and brought up with it a number of
others. -~ They all joined in an attack upon the
boat, wrefted an oar from one of the men, and
were with difficulty prevented from ftaving or over=
fetting her: but a boat from the Carcals joining
ours, they difperfed. One of that thip’s boats had
before been attacked in the fame manner off
Moffen Ifland. From Dr. Irving, who .went on
this party, I had the following account of the low
ifland, “ We
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“ We found feveral large fir trees lying on the
¢ fhore, fixteen or eighteen feet above the level
““ of the fea; fome of thefe trees were feventy feet
* long, and had been torn up by the roots ; others
“ cut down by the axe, and notched for twelve
¢ feet lengths: this timber was no ways decayed,
“or the ftrokes of the hatchet in the leaft effaced.
“ There were likewife fome pipe-ftaves, and wood
“ fafhioned for ufe. The beach was formed of
 old timber, fand, and whale-bones.

“ The ifland is about feven miles long, flat, and
¢ formed chiefly of ftones from eighteen to thirty
“ inches over, many of them hexagons, and com-
“ modioufly placed for walking on; the middle
“ of the ifland is covered with mols, fcurvy grafs,
“forrel, and a few ranunculufes then in flower.
“ T'wo rein-deer were feeding on the mofs; one
“ we killed, and found it fat, and of high flavour.
“ We faw a light grey-coloured fox ; and a creature
“ fomewhat larger than a weafel, with fhort ears,
“ long tail, and fkin fpotted white and black. The
*“ifland abounds with fmall fnipes, fimilar to the
“ jack-foipe in England. The Ducks were now
“ hatching their eggs, and many wild geele feeding
“ by the water fide.”

When 1 left the deck at fix in the morning, the
weather was remarkably clear, and quite calm.
To the NE, amongft the iflands, I faw much ice,
but alfo much water between the pieces; which

gave
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gave me hopes that when a breeze fprung up, 1
thould be able to getto the Northward by that way.

soth. Little winds, and calm all day; we got
fomething to the Northward and Eaftward. At
Hoon we were by obfervation in latitude 80° 3t'.
At three in the afternoon we werc in longitade
18° 48' E, being amongft the iflands, and in the
ice, with no appearance of an opening for the fhip.
Between eleven and twelve at night 1 fent the
mafter, Mr. Crane, in the four-oared boat, amongft
the ice, to try whether he could get the boat
through, and find any opening for the fhip which
might give us a profpect of getting farther; with
directions if he could reach the fhore to go up one
of the mountains, in order to difcover the ftate of
the ice to the Eaftward and Northward. At five
in the morning, the ice being all round us, we got
out our ice-anchors, and moored along-fide 2 field.
The mafter returned between feven and eight, and
with him Captain Lutwidge, who had joined him
on fhore. ‘They had alcended an high mountain,
from whence they commanded a profpect extending
to the Eaft and North Eaft ten or twelve leagues,
over one continued plain of (mooth unbroken ice,
bounded only by the horizon: they alfo faw land
ftretching to the S E, laid down 1n the Dutch
Charts as iflands. The main body of ice, which
we had traced from Weft to Eaft, they now per-
ceived to join to thefe iflands, and from them to
what
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what is called the North Eaft land. In returning,
the ice having clofed much fince they went, they
were frequently forced to haul the boat over it to
other openings. The weather exceedingly fine and
mild, and unufually clear. The fcene was beau-
tiful and picturefque ; the two fhips becalmed in a
large bay, with three apparent openings between
the iflands which formed it, but every-where fur-
rounded with ice as far as we could fee, with fome
fireams of water ; not a breath of air; the water
perfectly fmooth ; the ice covered with fnow, low,
and even, except a few broken pieces near the
edges: the podls of water in the middle of the
pieces were frozen over with young ice,

31ft. At nine in the morning, having a light
breeze to the Eaftward, we caft off, and endea-
voured to force through the ice. At noon the ice
was fo clofe, that being unable to proceed, we
moored again to a field. In the afternoon we filled
our cafk with freth water from the ice, which we
found very pure and foft. The Carcafs moved,
and made faft to the fame field with us. The jce
meafured eight yards ten inches in thicknefs at one
end, and feven yards eleven inches at the other
At four in the afternoon the variation was 12° 24’
W : at the fame time the longitude 1¢° 0’ 15" E;
by which we found that we had hardly moved to
the Eaftward fince the day before. Calm moft

part of the day; the weather very fine; the ice
clofed
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clofed faft, and was all round the fhips; no open-
ing to be {een any where, except an hole of about
a mile and a half, where the fhips lay faft to the
ice with ice-anchors. We completed the water.
The fhip’s company were playing on the ice all day.
The pilots being much farther than they had ever
been, and the feafon advancing, feemed alarmed at

being belct.

Auguft 1ft. The ice preffed in faft; there was
not now the {malleft opening ; the two fhips were
within lefs than two lengths of each other, fepa-
rated by ice, and neither having room to turn,
The ice, which had been all flat the day before,
and almoft level with the water’s edge, was now
in many places forced higher than the main yard,
by the pieces fqueezing together. Our latitude
this day at noon, by the double altitude, was
S0maT

od. Thick foggy wet weather, blowing freth
to the Weftward ; the ice immediately about the
fhips rather loofer than the day before, but yet
hourly fetting in fo faft upon us, that there feemed
to be no probability of getting the fhips out again,
without a ftrong Eaft, or North Eaft wind. There
was not the fmalleft appearance of open water, ex-
cept a little towards the Weft point of the North
Eaft land. The feven iflands and North Eaft land,
with the frozen {ea, formed almoft a balon, leaving
but about four points opening for the ice to drift
out, in cale of a change of wind,

3d.
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3d. The weather very fine, clear, and calm,
we perceived that the fhips had been driven far to
the Eaftward ; the ice was much clofer than before,
and the paffage by which we had come in from the
Weftward clofed up, no open water being in fight,
either in that or any other quarter. The pilots
having exprefled a wifli to get if poflible farther
out, the fhips companies were fet to work at five
in the morning, to cut a paflage through the ice,
and warp through the fmall openings to the Weft-
ward. We found the ice very deep, having
fawed fometimes through pieces twelve feet thick.
This labour was continued the whole day, but
without any fuccefs ; our utmoft efforts not having
moved the fhips above three hundred yards to the
Weftward through the ice, at the fame time that
they had been driven (together with the ice itfelf,
to which they were faft) far to the N E and Eaft-

64

ward, by the current; which had alfo forced the
loofe ice from the Weftward, between the iflands,
where it became packed, and as firm as the main

body.

4th. Quite calm till evening, when we were
flattered with a light air to the Eaftward, which
did not laft long, and had no favourable effect.
The wind wasnow at N W, with a very thick fog,
the fhip driving to the Eaftward. The pilots feem-
ed to apprehend that the ice extended very far to
the Southward and Weftward.
sth.
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sth. The probability of getting the fhips out ap-
pearing every hour lefs, and the feafon being al-
ready far advanced, fome fpeedy refolution became
neceffary as to the fteps to be taken for the pre-
fervation of the people. As the fitnation of the
thips prevented us from feeing the ftate of the ice
to the Weftward, by which our future proceedings
muft in a great meafure be determined, I fent
Mr. Walden, one of the midfhipmen, with two
pilots, to an ifland about twelve miles off, which
I have diftinguifhed in the charts by the name of
Walden’s Ifland, to fee where the open water lay.

6th. Mr. Walden and the pilots, who were fent
the day before to examine the ftate of the ice from
the ifland, returned this morning with an account,
that the ice, though clole all about us, was open to
the Weftward, round thé point by which we came
in. They alfo told me, that when upon the ifland
they had the wind very frefth to the Eaftward,
though where the fhips lay it had been almoft
calm all day. This circumftance confiderably
leflened the hopes we had hitherto entertained of
the immediate effe¢t of an Eafterly wind in clearing
the bay. We had but one alternative ; either pa-
tiently to wait the event of the weather upon the
fhips, in hopes of getting them out, or to betake
ourfelves to the boats. The fhips had driven into
fhoal water, haying but fourteen fathom. Should

they, or the ice to which they were falt, take the
F ground,
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ground, they muft be inevitably loft, and probably
overfet. The hopes of getting the fhips out was
not haftily to be relinquifhed, nor obftinately ad-
hered to, till all other means of retreat were cut off,
Having no harbour to lodge them in, it would be
impoffible to winter them here, with any probability
of their being again ferviceable; our provifions
would be very fhort for fuch an undertaking, were
it otherwife feafible ; and fuppofing, what appeared
impoffible, that we could get to the neareft rocks,
and make fome conveniences for wintering, being
now in an unfrequented part, where fhips never
even attempt to come, we fhould have the fame
difficulties to encounter the next year, without the
fame refources; the remains of the fhip’s company,
in all probability, not in health; no provifions ;
and the fea not {o open, this.year having certainly
been uncommonly clear. Indeed it could not have
been expeéted that more than a very fmall part
fhould furvive the hardthips of fuch a winter with
every advantage ; much lefs in our prefent fituation.
On the other hand, the undertaking to move fo
large a body for (o confiderable a diftance by boats,
was not without very ferious difficulties. Should
we remain much longer here, the bad weather
muft be expected tofet in. The ftay ot the Dutch-
men to the Northward is very doubtful: if the
Northern harbours keep clear, they flay till the
beginning of September; but when the loofe ice
fets in, they quit them immediately. 1 thought it
proper
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proper to fend for the officers of both fhips, and
informed them of my intention of preparing the
boats for going away. I immediately hoifted out
the boats, and took every precaution in my power
to make them fecure and comfortable: the fitting
would neceflarily take up fome days. The water
fhoaling, and the fhips driving faft towards the
rocks to the N E, Iordered -canvafs bread-bags to

¢ made, in cafe it fhould be neceffary very fud-
denly to betake ourfelves to the boats : I alfo fent a
man with a lead and line to the Northward, and
another from the Carcafs to the Eaftward, to found
wherever they found cracks in the ice, that we
might have notice before either the fhips, or the
ice to which they were faft, took the ground; as
in that cafe, they muft inftantly have been crufhed
oroverfet. The weather bad; moft part of the
day foggy, and rather cold.

7th. In the morning I fet out with the Faunch
over the ice; fhe hauled much eafier than I could
have expeéted; we got her about two miles, I
then returned with the people for their dinner,
Finding the ice rather more open near the fhips, I
Was encouraged to attempt moving them. The
wind being Eafterly, though but little of it, we fet
the fails, and got the fhips about a mile to the
Weftward. They moved indeed, but very flowly,
and were not now by a great deal o far to the
Weftward as where they were befit, However, 1
F 2 kept
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kkept all the fail upon them, to force through when-
ever the ice flacked the leaft. The people behaved
very well in hauling the boat ; they feemed recon-
ciled to the idea of quitting the fhips, and to have
the fulleft confidence in their officers. The boats
could not with the greateft diligence be got to the
water fide before the fourteenth ; if the fituation of
the fhips did not alter by that time, I fhould not be
juftified in ftaying longer by them. In the mean
time I refolved to carry on both attempts together,
moving the boats conftantly, but without omitting
any opportunity of getting the fhips through.

gth. At half paft four, fent two pilots with three
men to fee the fate of the ice to the Weftward,
that I might judge of the probability of getting the
fhipsout, At nine they returned, and reported the
ice to be very heavy and clofé, confifting chiefly of
large fields. Between nine and ten this morning,
I ferout with the people, and got the Launch above
three miles. The weather being foggy, and the
people having worked hard, I thought it beft to
return on board between fix and feven. The fhips
had in the mean time moved fomething through
the ice, and the ice itflelf had drifted ftill more to
the Weftward., At night there was little wind,
and a thick fog, o that I could not judge precifely
of the advantage we had gained; but 1 flill feared
that, however flattering, it was notfuch as to juftify
my
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my giving up the idea of moving the boats, the
feafon advancing fo faft, the prefervation of the
fhips being fo uncertain, and the fituation of the

people {o critical,

oth. A thick fog in the morning: we moved
the fhip a little through fome very {mall openings.
In the afternoon, upon its clearing up, we were a-
greeably furprized to find the fhips had driven much
more than we could have expefted to the Weft-
ward. We worked hard all day, and got them
fomething more to the Weftward through the
ice; but nothing in comparifon to what the ice it-
felf had drifted. We got paft the Launches; I
fent a number of men for them, and got them on
board. Between three and four in the morning the
wind was Wefterly, and it (howed faft. The peo-
ple having been much fatigned, we were obliged to
defift from working for a few hours. The pro-
grefs which the thips had made through the ice
was, however, ‘a very favourable event: the drift
of the ice was an advantage that might be as fud-
denly loft, as it had beon unexpeétedly gained, by
a change in the current: ‘we had experienced the
inefficacy of an Eafterly wind when far in the bay,
and under the high land; but having now got
through fo much of the ice, we began again to con-
ceive hopes that a brifk gale from that quarter

would foon effectually clear us.

Fia 10th.
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roth. The wind fpringing up to the NNE in
the morning, we fet all the fail we could upon the
fhip, and forced her through a great deal of very
heavy ice: fhe ftruck often very hard, and with
one ftroke broke the fhank of the beft bower an-
chor. About noon we had got her through all the
ice, and out to fea, I ftoed to the NW to make
the ice, and found the main body juft where we
leftit. Atthree in the morning, with a good breeze
Eafterly, we were ftanding to the Weftward, be-
tween the land and the ice, both in fight; the
weather hazy.

11th, Came to an anchor in the harbour of
Smeerenberg, to refrefh the people after their fa-
tigues. We found here four of the Dutch fhips,
which we had left in the Norways when we failed
from Vogel Sang, and upon which I had depended
for carrying the people home in cale we had been
cbliged to quit the fhips, In this Sound there is
good anchorage in thirteen fathom, fandy bottom,
not far fromthe thore : it is well (heltered from all
winds. The ifland clofe to which we lay is called
Amfterdam Ifland, the Wefternmoft point of
which is Hacluyt’s Head Land: here the Dutch
ufed formerly to beil their whale-oil, and the re-
mains of fome conveniencies erected by them for

that purpofe are flill vifible. Once they attempted
to make av eftablifhment, and left fome people to
winter here, who all perithed. The Dutch fhips

' fill







L& 3 A
e R4 crronsE and Cizrc

I‘.\:’[ il ] Y&“'
2 J 7 _) .._j/ .
P i /’77-'/;,_7-.2 g //2’/:(17% //7/x-" [CE, .

' ///z_.(' 1t A0, ”:, / 7;-







Aug.] T %0 U R N A L 71
ftill refort-to this place for the latter feafon of the
whale fifhery.

12th. Got the inftruments on fhore, and the tent
pitched ; but could not make any obfervations this
day or the next, from the badnefs of the weather.

13th. Rain, and blowing hard: two of the
Dutch fhips failed for Holland.

14th. The weather being fine and little wind,
we began our obfervations.

18th. Completed the obfervations, Calm all
day. During our ftay, Iagain fet up the pendu-
lum, but was not o fortunate as before, never hav-
ing been able to getan obfervation of a revolution of
the fun, or even equal altitudes for the time. We
had an opportunity of determining the refraction at
midnight, which an{wered within a few feconds
to the calculation in Dr. Bradley’s table, allowing
for the barometer and thermometer. Being within
fight of Cloven Cliff, I took a furvey of this part of
[Fair Haven, to conneét it with the plan of the other
part. Dr, Irving climbed up a mountain, to take
its height with the barometer, which I determined
at the fame time geometrically with great care. By
repeated obfervations here we found the latitude to
be 79° 44's which by the furvey correlponded
exactly with the latitude of Cloven Cliff, determin-
ed before; the longitude ¢° 50’ 45" E; dip 82°
8" 2. variation 18° 57" W ; which agrees alfo with
E a4

8
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the obfervation made on fhore in July. The tide
flowed here half paft one, the fame as in Vogel
Sang harbour,

Oppofite to the place where the inftruments
ftood, was one of the moft remarkable Icebergs in
thiscountry, Icebergs are large bodies of ice filling
the vallies between the high mountains; the face
towards the fea is nearly perpendicular, and of a
very lively light green colour. This was about
three hundred feet high, with a cafcade of water
fluing out of it. The black mountains, white
fnow, and beautiful colour of the ice, make a very
romantick and uncommon picture. Large pieces
frequently break off from the Icebergs, and fall
with great noife into the water: we obferved one
picce which had floated out into the bay, and
grounded in twenty-four fathom ; it was fifty feet
high above the furface of the water, and of the
fame beautiful colour as the Iceberg,

A particular defcription of all the plants and ani-
mals will have a place in the Appendix. 1 fhall
here mention fuch genperal obfervations as my
fhort ftay enabled me to make, Thé ftone we
found was chiefly a kind of marble, which diffolved
eafily in the marine acid.. 'We perceived no marks
of minerals of any Kind, nor the leaft appearance
of prefent, or remains of former Volcanoes. Nei-
ther did we meet with infects, or any fpecies of
reptiles; not even the common earthworm. We
faw no fprings or rivers, the water, which we

found
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found in great plenty, being all produced by the
melting of the fnow from the mountains. During
the whole time we were in thefle latitudes, there
was no thuander or lightning. [ muft alc add, that
I never found what is mentioned by Marten (who
is generally accurate in his obfervations, and faith-
ful in his accounts) of the fun at midnight refem-
bling in appearance the moon; I faw no difference
in clear weather between the fun at midmight and
any other time, but what arofe from a different
degree of altitude; the brightnefs of the light ap-
pearing there, as well as elfewhere, todepend up-
on the obliquityof his rays. The fky wasin ge-
neral loaded with hard white clouds; fo that 1do
not remember to have ever feen the fun and the
horizon both free from them even in the cleareft
weather, We could always perceive when we
were approaching the ice, long before we faw it,
by a bright appearance near the horizon, which the
pilots called the blink of the ice. Hudfon remarked,
that the fea where he met with ice was blue; but
the green fea was free from it. 1 was particularly
attentive to obferve this difference, but could never
difcern it.

The Driftwood in thefe feas has given rife to
various opinions and conjetures, both as to its
nature and the place of its growth.  All that which
we faw (except the pipe-fraves taken natice of by
Do&or Irving on the Low Ifland) was fir, and not
worm-eaten, The place of its growth 1 had no

opportunity of afcertaining. The
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The nature of the ice was a principal object of
attention in this climate. 'We found always a great
fwell near the edge of it; but whenever we got
within the loofe ice, the water was conftantly
fmooth. The loofe fields and flaws, as well as the
interior part of the fixed ice, were flat, and low:
with the wind blowing on the ice, the loofe parts
were always, to ufe the phrafe of the Greenland-
men, packed; the ice at the edges appearing rough
and piled up; this roughne(s and height Iimagine
to proceed from the {maller pieces being thrown up
by the force of the fea on the folid part. During
the time that we were faft amongft the Seven
Iflands, we had frequent opportunities of obferving
the irrefiftible force of the large bodies of floating
ice. We have often feen a piece of feveral acres
fquare lifted up between two much larger pieces,
and as it were becoming one with them; and af-
terwards this piece fo formed acting in the fame
manner upon a fecond and third; which would
probably have continued to be the effect, till the
whole bay had been fo filled with ice that the dif-
ferent pieces could have had no motion, had not
the ftream taken an unexpected turn, and fet the
ice out of the bay.

19th. Weighed in the morning with the wind at
NNE. Before we got outof the bay it fell calm.
1 obferved for thefe three or four days, about eleven

in the evening, an appearance of dufk.
20th.
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2oth. At midnight, being exactly in the latitude
of Cloven Cliff, Mr. Harvey took an obfervation
for the refraction; which we found to agree with
the tables. The wind Southerly all day, blowing
frefh in the afternoon. About noon fell in with a
ftream of loofe ice, and about four made the main
ice near us. We ftood to the W N W along it at
night, and found it in the fame fituation as when
we faw it before ; the wind frefhened and the wea-
ther grew thick, fo that we loft fight of it, and
could not venture to ftand nearer, the wind being
SSW,

21ft. At two in the morning we were clofe 1n
with the body of the Weft ice, and obliged to
tack for it; blowing frefh, with a very heavy fea
from the Southward. The wind abated in the af-
ternoon, but the {well continued, with a thick fog.

22d. The wind fprung up Northerly, with a
thick fog; about noon moderate and clearer ; but
coming on to blow frefh again in the evening, with
a great {ea, and thick fog, I was forced to haul
more to the Ealtward, left we thould be embayed,

er run upon lee ice,

The feafon was fo very far advanced, and fogs
as well as gales of wind fo much to be expected,
that nothing more could now have been done, had
thing been left untried, The fummer ap-

v
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to have been uncommonly favourable for our
}r'j__'l,ri)l‘,




76 J406 UL RENKAG 1 [Aug.
purpofe, and afforded us the fulleft opportunity of
afcertaining repeatedly the fituation of that wall of
ice, extending for more than twenty degrees be-
tween the latitudes of eighty and eighty-one, with-
out the fmalleft appearance of any opening,

I fhould here conclude the account of the voy-
age, had not fome obfervations and experiments
occurred on the paflage home.

In fleering to the Southward we foon found the
weather grow more mild, or rather to our feelings
warm. Auguft 24th, we faw Jupiter : the fight
of a ftar was now become almoft as extraordinary
a phenomenon, as the fun at midnight when we
firlt got within the Arétic circle. The weather
was very fine for fome part of the voyage ; on the
4th of September, the water being perfectly fmooth
with a dead calm, I repeated with fuccefs the at-
tempt I had made to get foundings in the main
ocean at great depths, and ftruck ground in fix
hundred and eighty-three fathoms, with circums-
ftances (which will be mentioned in the Appendix)
that convince me I was not miftaken in the depth;
the bottom was a fine foft blue clay. From the
7th of September, when we were off Shetland,
till the 24th, when we made Orfordnefs, we had
very hard gales of wind with little intermiffion,
which were conftantly indicated feveral hours be-
fore they came on by the fall of the barometer,
and rile of the manometer: this proved to me the
utility
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utility of thofe inftruments at fea. In one of thele
gales, the hardeft, I think, I ever was in, and with
the greateft fea, we loft three of our boats, and
were obliged to heave two of our guns overboard,
and bear away for fome time, though near a lee
fhore, to clear the fhip of water. 1 cannot omit
this opportunity of repeating, that | had the great-
eft reafon on this, as well as every other critical oc-
cafion, to be fatisfied with the behaviour both of
the officers and feamen. In oneof thefe gales on the
12th of September, Dr. Irving tried the tempera-
ture of the fea in that ftate of agitation, and found
it confiderably warmer than that of the atmofphere,
This obfervation is the more interefling, as it agrees
with a paffage in Plutarch’s Natural Queftions, not
(I believe) before taken notice of, or confirmed by
experiment, in which he remarks, that the fea
« becomes warmer by being agitated in waves.”
The frequent and very heavy gales at the latter
end of the year, confirmed me in the opinion,
that the time of our failing from England was the
propereft that could have been chofen. Thefe
gales are as common in the Spring as in the Au-
tumn : there is every reafon to fuppofe therefore,
that at an early feafon we {hould have met with the
fame bad weather in going out as we did on our
return. The unavoidable neceflity of carrying a
quantity of additional ftores and provifions, ren-
dered the fhips {o deep in the water, that in heavy
gales the boats, with many of the ftores, muft pro-

bably
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bably have been thrown overboard ; as we expe-
rienced on our way home, though the fhips were
then much lightened by the confumption of provi-
fions, and expenditure of ftores, Such accidents
in the outfet muft have defeated the voyage. . At
the time we failed, added to the fine weather, we
had the further advantage of nearly reaching the
latitude of eighty without feeing ice, which the
Greenlandmen generally fall in with in the latitude
of feventy-three or feventy-four. There was allo
moft probability, if ever navigation fhould be
practicable to the Pole, of finding the fea open to
the Northward after the folftice; the fun having
then exerted the full influence of his rays, though
there was enough of the fummer flill remaining for
the purpofe of exploring the feas to the Northward

and Weftward of Spitfbergen.

APPENDIX.
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Eftablithment of OrriceErs and MenN for the

RAcCEHORSE.

N E Commander.

Three Lieutenants.
One Matfter.
One Boat{wain,
One Gunner,
One Carpenter.
One Purfer.
One Surgeon.
One Surgeon’s Mate,
One Cook.
Three Mafter’s Mates,
Six Midfhipmen.
One Captain’s Clerk.
Two Quarter Mafters.
One Quarter Mafter’s Mate,
T'wo Boatfwain’s Mates.
One Cox{wain,
One Matfter Sail-maker.
One Sail-maker’s Crew.
One Gunner’s Mate,
One Yeoman of the Powder Room.
One Quarter Gunner.
One Armourer.
Two Carpenter’s Mates.
Two Carpenter’s Crew.
One Steward.
One Corporal,
Fifty Seamen.
Two Pilots.
In all Ninety-two.
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Table of Days Works.
ol ' - Magnetic
| Longitude, TR
| [Py tf{}:}]( Courfe. | Diftance. | Latitude in Yo i Qblcryguigs, Bearings and Diftances.
D 17°°% By the Watch. | By Kendal, By Ammold. | ol it | medomeng, | D | Vaven
Jond 6f. . . Jfo . . |52 170bl |1/30 1ISE |1 59 oE| 1 45 15 E .« « |l 73 22| . . .|Southwold, WNW : N, diftance 3 leagues.
J ) 7| N 29° E 107 4 oobli [ ah. e Tl N e e L b AR o Iy 239 E|. . .. . .|Southwold, S 27° W, diftance 36 leagues,
: §lS ¢4 W 70 |53 390bf. o 37 oE |1 19 45 T R 8 o 56 .|Southwold, S ro° 30’ E, diftance 22 leagues.
{ 9] NW 45 |54 sobf |9 . 8 AT v o o 12 . + . .+ .|Southwold, S 22° 10’ E, diftance 35 leagues.
f 1c] NW 36 | 54 27 = T CEREEE] Loo 0 Sy i B il o3t Wil. . |. . .|Southwold, § 27° 50' E, diftance 47 leagues.
\ 5 1) DT MR e B 1 55 30W|1 22 30 I 33 1% v o oo o « ofe « o+ « .|In Whitby Road.
12[N 15 E 123 | 56 28 PRI (SRR Y ) (T A T L TR 1S e e R .« . « |Whitby, S15° W, diftance 41 leagues.
| 13N by E 190 | 5§59 320bf. o 3 oW|o 36 15E| o0 27 15E| 1 3915 E| 0 10 . + . « .|Whitby, S12°40 W, diftance 103 leagues. _
| 14|N 29 W 48 |60 170bf |0 56 45Wlo 25 oWl o 17 oW]| 2 42 30 E| o 40 W|| #3 30| 21 53|Whitby, S 6°10' W, diftance 122 leagues. Hangcliff, S 59> W, 10 0r 11 miles:
| Igfe « o o]« - |00 190bl. |0 39 oW|o 10 15 W| 0 15 45Wj 0 26 oW|. . . .|| 75 o| 23 46|Hangcliff, S 550 W, diftance 10 or 11 miles.
16|N 27 E 27 116020 cblINTE N C SN LR R S R ‘ 0 3I 26 45| . . .|Hangcliff, § 27° W, diftance g leagues.
| 17N 6 E 147 | 62 s9obf. o 19 45 W|o0 26 45E | o 22 15E } o 2 Wi, . | 19 22|Hangcliff, S 9> 34' W, diftance 56 leagues.
15N 4 W 141 | 65 180bl. |1 o 30W|o 11 45 W] 0 15 1gW o 17 . « . . .|Hangchiff,§ 30 30' W, diftance 102 leagues.
19IN .4 W 54 |66 14 1 7 oWlo 19 45 W) o 31 30W o 27 .« o 19 11fHangcliff,§ 2° 52’ W, diftance 121 leagues.
' 20|N 30 E 59 |67 s s | et e T AR o046 Eff. . .. . .|Hangcliff,S 6> 14 W, diftance 138 leagues.
': 21|N ¢ W 6o 168 s5obfi|lo 37 oWlo20 oE| o022 oE o 32 .« .| 23 1¥|Hangcliff, S 3° 44' W, diftance 157 leagues.
" 22| North 161 | 70 45 Lot : ‘ . o 32 77 52| . . .|Hangcliff, S 28 W, diftance 211 leagues.
23|N 2 E 97 |72 22 5 louas . o 46 .« o+ « .|Hangcliff, S 28' W, diftance 243 leagues.
24|N 41 E 81 |73 22 o ot Ve G R SR, e w0 Y e e 81 30| . . .|Hangcliff, S 7° 59' W, diftance 265 leagues.
, 25|N 68 E 116 |74 s50bl.|{8 14 oE| 92930 | 943 o |11 11 30E| g 44 79 30| 17 9|Hangcliff, S 16° o' W, diftance 289 leagues.
| 26|N ¢8 E 33 |74 250bL |9 18 15 |10 44 45 |r1 I o |10 10 o |11 46 79 22| 7 47|Hangcliff, § 18> 38' W, diftance 296 leagues.
27|N 21 W s | 75 2% IR A R AR Ve VO 9 43 .« |+ « .|Hangchiff, § 15° 19’ W, diftance 314 leagues.
28|N 1o W 137 |77 36 8 o 15 9 29 45 9 53 45 8 52 81 7|. . -|Hangcliff, S 11° 6 W, diftance 350 leagues.
29|N 26 E 28 |77 s9gobf.lg 1 o |10 35 30 |11 4 30 9 48 8o 26| . . .[Hangcliff, S 110 24 W, diftance 360 leagues.
3c|N 37°E 20 |78 8Bobfl.|g 18 o }io 57 30 |1128 o 10 58 79 30| 11 38|Black Point, ENE : E, diftance g miles.
July 1[N 7 W I 78 13 oPiSlE .« T Te iR RRLIEE s T T ke 53 . + <. . .|Black Point, Eaft, diftance 18 miles.
2|N 31 W 15 |78 23 0bfilg g8ugel Jlsl s tedro i 30/ | oy e, fio 18 . « |« + .|Black Point, S 61° E, diftance 27 miles.
3| North 12 78 36 St e s A PR AT | 7 % i) 8o 45| 14 55|Black Point, S 42° E, diftance 11 leagues.
4N 2 E 57 90" 25 OBEIIR cin ot o dlie e tatmatie = w16 1 o Kial Toluani 9 57 . « |+ + -|Magdalena Hook, N 25° E, diftance 4 miles.
5|N 33 W 17 |79 55 PR Dt ) (S Gl RN .« |+ - .|Magdalena Hook, S 33° E, diftance 17 miles.
Ol R N « J79 570blL|lg 5 © 10 50 30 |II 49 45 « v« «f « « offl. « .. + -|Vogel Sang Point, S 83° E, diftance 5 leagues.
7\ . o e fepe e e e i e b e e el e e o, e alle o s]s o sfClovenGhff, S 650 W, diftance g leagues.
8. e « <. « +. « -[Cloven CIiff, S 26° W. Vogel Sang Point, S 48> W, diftance # or § miles.
56 81 g2f. - .|Vogel Sang Point, S 47° E, diftance 55 miles.
21 .« |« + +|Vogel Sang Point, S 63° 15' E, diftance 84 miles.
« « offt. « . « .|Vogel Sang Point, S 48° W, diftance g miles.
S .|Vogel Sang Point, S 25° W, diftance 6 miles.
G
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|
Table of Days Works. 1
: Magnetic
Longitude. o
D":’Fo:{;{}m Courfe. | Diftance. | Latitude in|____ ~ ; —| Obfcrvatloni Bearings and Diftances.
By the Watch By Kend;.-.l, By Arnold, O:I{rl;::;:;s Regi‘:ctx?iig |’ Dip. \{';;'l}m‘]
Joly ral . o HMREE A N BB apme L SRt g
6% TIRCET | RPN shvinqibie JM 3¢ - I I R 2 g 1O e E AR A Sl Lt R R g LA >II] Vorel San
16 ., A1 alstingr g cn 10 2 30El12 6 30E[l35¢c oEl. . ., .| . . .|8 7| 20 38! GEl JERE:
‘ B¢ RN a2 U SONCERNRD RS ST TE = 15) comm el e e e e e W sl e el o e . JThe North Egdiof Vogel Sang, S 15° W, diftane€|B leagucs.
20|N 58 W 65 8o 27 she oo bie o v bl 0 s s 0 sl 4s2ER. . . o .Cloven Cliff, 8 £8° E, diftance 22 leagues.
' 21{S 10 E 64 oo B PRSI | ENGEIE L TR | AR | - 29 . « +. . .|ClovenCliff, N 63° 18 E, diftance 21 leagues.
22N 32 E 40 8o 1 B il e sl e s e Tl sl . « «. . .|Cloven Cliff; S 82° 15’ E, diftance 10 leagues.
23N 57 E 43 8o 24 < RO L 1 TR ST 1 LS .« Jl- . «. . .|Vogel Sang, S 4° W, diftance g leagues.
24[- « . o . . .| 8016 . ot & s o JCloven Chffy8iac® W, 7 leagues.
25 o aih) |l AT L .|The Wefteramoft Land off Cloven Cliff, S 8§° W.
201 |5l SR, oL ne] BDall 81 60 Lo mea bl A RGBT ey L e o b el e YL . slGlaven; ClidRsIGT® W, diftance. 40 miless
27|N 23 E 34 8o 48 14,50 30 |15 45 O . . '« « |, « o . |14 42 .« .| 12 44|Cloven Clif; S 42° W, diftance 23 leagues.
28N 70 E v 80 36 oblfmgb13 45 H17 6 o . .. . {0 . . lig i . .+ .| 11 56/Cloven CIliff; S 58° 46' W, diftance 26 leagues.
Northernmoft Land, N 44° E, diftance 10 miles. The middle of the
29[S 58 E 21 80 2 OB .| ' L g BN T ST T o o lr S S SIEL é : b
Opening, fuppofed the Waygat, S 12° E. )
| 30| 8o 31 obff18 33 o [2018 o |. . . . |. . . .| . . .8 =2:|. . ./The Wefternmoft of the Seven Iflands, N 3° E. Table Ifland, N 14° E.
1' 31} + o w e+ |HQ O 15 [(120i45 ©O AT T v e v ol M. . ], . .The Wefternmoft of the Seven Iflands, N 60° W, diftance 7 miles.
(Avguft 1. 8o 37 obf} . SRR -1 O RO R .| 12 24|Black Point, S 75° W, Table Ifland N 45° E, diftance 7 miles.
2| sl el e e e 3 e e bl Bl e LK T i BRek Point, BREG® W, diftance 4 leagues.
3 Lo, o o wdi o o 5l oo ol »iealbe o s i .|Black Point,Sies W, Great Table Ifland, N.23°8¥.
i 4. e e o e e e e D e R T 2 cBiecke Point, SRBRE W, Great 'Table Hland, IN 197 .
5| SR e b G e b s 1 I T SR Gt TablcliERG N 90 (W
| 6]. SR T TR . .|Black Point, S 61° W, Table Ifland, N 39° W.
' 71| .|Black Point, S 61° W, Table Ifland, N 46°> W.
8| .|Table Ifland; N 33° W, Black Point, N 629 W,
o B B | e s T o 74y o]
| 10l. : The Wefternmoft of the Seven Iflands, N 16° W.! Black Point, § 32° E,
,! s Pty A (A B Tret e ) s T s § diftance 3 leagues.
sadel o ias WS L _ it ! gHakluyt’s Head Land, S 31° W, diftance 3 miles. ‘The North End of]
. o] o . . P . . . . . . . . . . e e . . el = . 5 ' . Vogelﬁang, N()?)E.
I21. . 1
131 .
141. :
G SRR e ¢ NIE N ) K, 17 o BB 4s ihed a6 ae . | SIECIGREINIE, ¢ 10V AR08 Tiegl g bise 57\>At Smeerenberg.
19]. ¢ 15 | .l,_]
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| Table of Days Works.
|
' Magnetic
‘ Longitude, i
l:DC'i\'o?*;i;lt}hc Courfe. 1D ance. | Datitade in ‘ Obfervat'lcfnls_._ Bearings and Diftances.
! ] ' By the Warch, By Kendal. By Arnold. 0;{;#::;;;3_ Relgit:rl:iflg. Dip. ¥ a\;::{‘_’“ '
1 o - Q. = 22 o1 1 Q 1" o / it o ! o ! o 1
|Auguft 20|N 34° W 30 | 8o 11 ‘ : .| 740 E||. . .|. . .|Hakluyt’s Head Land, S 34°E, diftance 10 leagues.
‘ T 218 83 W 0 |8 s : { 1 A 2 §4 & AN H:akluyt:s Head Land, S 74° E, diftance 70 miles.
| 22|S 14 W 12 |79 24 \ o) 1g6 RN || Hakluytss Head Land, N 74° 27 E, diftance 82 miles.
". 23S 15 E 139 | 77 10 1 . IR 4 58 . . «|. . . Hakluyt’s Head Land, N 16° 20’ E, diftance 188 miles.
! 245 12 B 79 e efiahiily |, JRSTSE . . 6 13 + « . . ‘|Hakluyt’s Head Land, N ¢° 34’ E, diftance 232 miles.
i 25| 25 W 48 | 75 15 obf| . 4 §I + « |« « .Hakluyt’s Head Land, N 11° 30’ E, diftance 278 miles.
| 263 23 W 127 73 19 | 1 46 o o e v s HakluyPs Head Land, N 14° 30'E, diftance 133 leagues.
| 273 28 W <6 72 29 obf. o 14 .« |+ . .[Hakluyt’s Head Land, N 15° 18'E, dI‘I}.ﬁlHCC 151 leagues.
i 28lS 61 W 4 |72 9 : A 1 49 Wil. . .|. . .|Hakluyts Heac! Land, N 1¢° 21’ E, diftance 162 leagues.
293 5 E 70 | 70 39 1 2f oo )i Al s Head Land, N 169 24'E, diftance 183 leagues. :
l “la ) duvt’s ! D 71! : :
| 30| 41 E 04 [(limmseriaaiin, . NG SRl ety | L o s O D | RPN (S S HBI\EU}L’:; Head Land, N 14° 15' E, diftance 195 leagues. !
H. 51/South 96 |68 47 ob:| 324 oE |6 28 30E|. . . o 18 79 4|. . .|Hakluyt’s Head Land, N 11° 44' E, diftance 225 leagues.
| Sept. 1|S 64 W 5 68 44 IR [ | TSR el i : o 2 .+ .| 24 1y|Hakluyt’s Head Land, N 12° 16' E, diftance 227 leagues.
! 2lS 12 E 25| DbBAaioie] |, ISR SR THENE . 110 T o 38 « « .+ + .|Hakluyt’s Head Land, N 10° 57’ E, diftance 237 leagues.
: 3S ¢ W 133 |65 509 obfi{2 41 30E |6 8 4sE}. . . . o 8 -+ .. . .[Hakluyt’s Head Land, N 10° 14 E, diftance 280 leagues.
4S 8 W bo |t 6Q g O, . SNl AR RS o12 Wi. . .| 22 14|Hakluyt’s Head Land, N 12° 51" E, diftance 303 leagues. !
IS 17 W 63 |64 o | b . o 54 25 46| Hakluyt’s Head Land, N 10° 38’ E, diftance 321 leagues. }
| 6[S 5. W 92 | 62 29 05830E|4 7 15E I 12 + « «f+ « .[Hakluyt’s Head Land, N 10° 12'E, diftance 351 leagues.
| 218 17 W 142 | 6o 14 obf. . TLn 2 35 « « . . .[Hakluyt’s Head Land, N 10° 39’ E, diftance 394 leagues.
| 8]S 59 E 3 59 48 obf. oy + + . « .Hakluyt’s Head Land, N ¢> 16" E, diftance 403 lepgues.
. 9|8 32 E 31 59 22 obf| . . o 37 Sl bl 1, ) l[—lakluyt’s Head Land, N 8° 43’ E, diftance 413 leagues. !
, 10S 43 E 96 |58 g obf]. . 1 40 E 1. . .|. . .[Hakluyt’s Head Land, N 6 25 E, diftance 435 leagues. \.
1S 7 W 25 Lizo aoeBBR] . . LRI RSB I 32 + « . . .|Hakluyt's Head Land, N 5° 15'E, diftance 446 leagues.
12[S 17 E 42" | 56 tovobfihl | ORI R R I 55 + « «t. . .[Hakluyt’s Head Land, N 6° 3 E, diftance 459 leagues.
13S 14 W 55 56 4 obf : h I 31 « « . . [Hakluyt’s Head Land, N 6° 15 E, diftance 477 leagues.
14[> 66 W 61 55 40 obf. t A 0.0 « « +|. . |Hakluyt’s Head Land, N 7° 27' E, diftance 486 leagues. ‘
15| 14 E 69 54 3 ; 0 29 + « . . . Hakluyt's Head Land, N 6° 56' E, diftance 507 leagues, ?
16> 21 W 83 Ee T . l Dalux <« s« |Hakluyt’s Head: Land, N #? 2 E diftance 535 leagues. :
19|S 59 W 6 |53 12 &1L AR ' o 7 Wi. . .. . J|Hakluyt’s Head Land, N 7° 4' E, diftance 537 leagues.
185 8 W ro i lea Egiebly b O II + + +|. . JHakluyt’s Head Land, N 7° 6' E, diftance 543 leaghes.
19/ 37 W 14 |52 42 I e i Y o 2 -+ . . JHakloyt’s Head Land, N 7° ¢' E, diftance 546 leagues,
20|5 36 E 1g 52 gt obfi| | . . f o 16 .+ « .| 20 44|Hakluyt’s Head Land, N 7° E, diftance 550 leagues.
:!l,’ 24 E | 16 52 17 obf|. . ) 6.l e IS 1o [ | Hakluyt’s Head Land, N 70 E, diftance 55 5 leagues.
_.‘_:j‘\.\.—* by N <5 5228 obf| bl .k 1 35 .| Hakluyt’s Head Land, N 8¢ E, diftance 552 leagues.
235 50 E 39 £20.4, obfl| P HEAR, O 49 e « «|. . .Catwick, N 62° E, diftance 12 leagues,
24|N 8o W 63 52 16 , 2 33 Ry Offoninci"s, SW by 8, diftance 5 miles.
n Hofely Bay, Orfordnefs Lighthoufe N 26° 20’ E. Hofely Church,
R U Tl RO TN ¢ T S e sl B e - R SIvEIL IR L 3 S 8;” W, diftance from the fhore, 131:15!:'.} '
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OpservaTioNs on different MeTHoDs of mea-
furing a Sure's Wav.

THE degree of accuracy with which the di-

ftance run by a fhip can be meafured, is a
thing of great importance, but unfortunately not
eafily to be afcertained, from the great variety of cir-
cumftances which may occafion errors in the reck-
oning, and which, though not depending upon the
meafure of the fhip’s way, may in voyages not near-
ly upon a meridian be confounded with thofe that
do. The circumftances of the prefent voyage gave
me the faireft epportunity of trying this experi-
ment, the weather being fine, and the courfe very
fearly upon a meridian; {o that an error of one
point could not make more than the difference of
one mile in fifty in the diftance. When the diffe-
rence of latitude is the fame as the diftance, it
gives frequent opportunities of comparing the reck-
oning with the obfervation, and whatever error is
found muft be attributed to the imperfetions in
the manner of meafuring the diftance. Moft of
the writers on this fubject have attributed the er-
rors to a faulty divifion of the log-line.
Before Norwood meafured a degree, the length
of a minute had been erroneoufly fuppofed 5000
feet; in confequence of which, the log line, from
the firft ufe of that inftrument about the year 1570,
was invariably marked forty-two feet to thirty fe-
K conds.
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conds.© Norwood, when he publifhed his Seaman’s
Practice, ftated the true meafure to be fifty-one
feet to thirty feconds ; but, as the fhip would really
run more than is given by the log, and it is right
to have the reckoning ahead of the thip, he recom-
mended marking the log line fifty feet to thirty fe-
conds. It does not appear at what time an altera-
tion either in the marking the log, or the length
of the glafs, took place in confequence of thefe
obfervations: Sir Jonas Moore in his Navigation
which was publithed in the reign of Charles 1I.
mentions, that the feamen, having found the old
log not to anfwer, had fhortened the glafs to
twenty-five feconds, which was equal to a line
marked fifty feet with a glafs of thirty feconds ;
but he rather reccommends reftoring the half mi-
nute glafs, and making the correction on the line,
Since that time the feamen, whether from finding
the allowance of cne foot in fifty not a fufficient
compenfation for the accidental errors to which the
log is fubject, or from a preference of a meafure

nearly equal to the ftatute mile, have ufed a line of
forty-five feet to thirty feconds, or a glafs of

twenty-eight feconds to forty-two feet.

All the writers I have mert with, who have treat-
ed of the log, except Wilfon, have complained of
the feamen not having adhered to Norwood’s mea-
fure. Norwood himfelf, however, feems to have
been aware of the neceffity of fubmitting to the
teft of experiment the advantages of a new mea-

furement
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furement derived from theory. In the preface to
his Seaman’s Practice he fays, « Becaufe 1 am per-
« fuaded we have at this day as many excellent na-
“ yigators in this kingdom, and as great voyages
« performed, as from any other place in the world,
« I thould be glad to hear of the experimental re-
« folution of this problem by fome of them, though
t running eight or ten degrees near the
1 doubt not but what I have
ould receive further con-

“ it were bu
¢« meridian ; for fo
¢ here written thereof, w
« firmation and better entertainment than happily
< it will now, being fo much different from the
< common opinion.” ¥

Had the errors in the diftance arifen only from
a fault in marking the line, nothing would have
been more ealy than to have removed that diffi-
culty, by comparing carefully the different mea-
{ures with the obfervations, and adhering to that
which had been found to correfpond beft with them.
But the diftance meafured by the log being ren-
dered uncertain by many accidental circumftances,
:t becomes difficult, or rather impoffible, to find
any length of line which will fhew invariably the
diftance run by the fhip, or even to afcertain with
precifion that meafure which will at all times come
neareft the truth. Some of thefe circumftances

are:
1. ‘The effeCts of currents,

». The yawning of the fhip going with the

{eldom

wind aft, or upen the quarter, when fhe is
K 2 fteered
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fteered within a point each way : this I mention as
an error in the diftance, and not in the courfe;
fince, though the fhip by being yawed equally
each way may make the intended courfe good upon
the whole, yet the diftance will be fhortened as the
verfed fine of the angle between the line intended
and that fteered upon.

3. By the fhip being driven on by the fwell, or
the log during the time of heaving being thrown
up nearer the fhip.

4- By the log coming bome, or being drawn after
the fhip, by the friction of the reel and the light-
nefs of the log. Norwood mentions thefe two laft,
and fays, “ For thefe caufes, it is like, there may
“ fometimes be allowed three or four fathoms more
“ than is veered out; but this, (as a thing mutable
* and uncertain) being fometimes more, fometimes
“ lefs, cannot be brought to any certain rule, but
* fuch allowance may be made as a man in his ex-
“ perience and difcretion finds fir.”

5. By the log being only a mean taken every
hour, and confequently liable to error from the
variations in the force of the wind during the in-
tervals, for which an arbitrary corretion is made
by the officer of the watch; and though men of
fkill and experience come near the truth, yet this
allowance muft, from its nature, be inaccurate.

Thefe




Thefe circimftances did not efcape M. Bou-
guer’s attention, and his ingentity fuggefted to
him an improvement of the common log, which
would correét the errors likely to arife from the
moft matetial of thefe circumftances : a defcription
of this improvement he publifhed at large i the
Memoirs of the Academy of Sciences for the year
1744 it has fince been abridged in the edition of
his Navigation by De la Caille. It appears extra-
ordinary that this log fHould never have been made
ufe of by others ;—the great reputatiof of the ati-
thor, as well as the very good reafons he offers in
favour of his improvement, were fufficient induce-
ments to me to try the experiment.

In the log which 1 made ufe of,

The length of the cone was — 12 inches.

The diameter of the bafe — -

The weight of the cone — — 25 ounces.

The diagonal length of the diver ¥4 inches.

The length of each fide — — ot

The weight of the diver e 26 % ounces.

The length of line from the diver to the cone,
zo feet; the log line 51 feet to a knot,

Whether M. Bouguer’s log will (as he expected)
correét the errors arifing from currents in the com-
mon log, 1 had no opportunity of difcovering in
this voyage.

The fecond error, which no log will correct,
cannot be attended with any bad effect, as it muft
K 2 make
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make the reckoning, in whatever degree it takes
place, ahead of the fhip.

S—

By obferving M. Bouguer’s rules in comparing
it with the common log, which for that purpofe
muft be reckoned at fifty-one feet, it will, I think,
very fully correct the third and fourth, which are
the moft material errors; as the agitation of the
fea fromwinds does not exceed the depth to which
the diver is let down, and the weight of the whole
machine prevents the fri¢tion of the reel from hav-
ing an effect in any degree equal to that which it
has on the common log,

The fifth arifes from the imperfe@ion it has in
common with the log generally ufed.

At firft, on the paflage out, I contented myfelf
with having Bouguer’s log occafionally, to obferve
what precautions were neceffary to be taken to
prevent errors, as well as to find whether its varia-
tions from the commeon log were on the fame fide as
the meridian obfervation required. I found that it
was neceflary to take care that the diver thould be
of fuch a weight as to let only the top of the cone
fwim; but not heavy enough to fink it, as in that
cafe it would beliable to an error in excefs, by mea-
furing the depth that the diver would fink in addi-
tion to the fhip’s way. It was neceffary to put a
weight of lead to the bottom of the diver, to fink
it down to its place before the ftray line was out,

The
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The line between the diver and the cone fhould
not be more than fifty feet, that being as great a
depth as it will fink to whilft the ftray line is run-
ning off the reel when the fhip has much way
through the water.

On the paffage out, the longeft period of my
trying this log between two obfervations, was from
the twenty-fifth to the thirtieth ; in which time
the fhip had run four degrees, and the reckoning
by Bouguer’s log was eighteen miles aftern of the
fhip: but as it appears that the fhip on the twenty-
fixth, with the wind Northerly, and making barely
an Eaft courfe, was found by the obfervation to be
twenty miles to the Northward of her reckoning,
that diftance muft be attributed to a current; there-
fore if that current had not taken place, Bouguer’s
log would have been, inftead of eightecn miles
aftern, two miles ahead of the fhip.

On the paffage home it was tried from the lati-
tude of eighty degrees eleven minutes to fixty-eight
degrees eleven minutes; in which diftance, though
the fhip was much yawed from the fea being fre-
quently upon the quarter, this log was only thirty-
one miles ahead of the fhip, which might be owing
entirely to that circumftance without any other caufe,

The ftate of the common log on the paffage out,
when the weather was remarkably fine and watex
in general fmooth, was, from the latitude ‘of fixty
degrees thirty-feven minutes 0 {eventy-eight de-
grees eight minutes, with the line marked  fifty

y e

_'[\ 4 onc
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one feet to thirty feconds, one degree fifty-eight
minutes aftern of the thip, with the lipe marked
forty-five feet to thirty feconds, four miles ahead
of the fhip. On the paflage home, the log at
fifty-one feet to thirty feconds, thirty-five miles
aftern of the fhip; ar forty-five to thirty feconds,
oue degree feven minutes ahead of the fhip. As
far therefore as the experience of this voyage ex-
tends, it appearsthat the errors of the log marked
forty-five feet are always on the fafe fide, and
that thofe of the longer marked line are always
thort of the run; but that Bouguer’s is much more
accurate than either.

It is not to be expected that the obfervations of a
fingle voyage can be fufficient to determine the me-

rit of any inftrument, Particularly one of fo much
confequence as the log. 1 thought it right, howe-
ver, to give an account of the trial [ made of the
different methods, and of fuch remarks as occured
to me,

In the following table the courfe i put down, in
the firft colum, for all the diftances and latitudes ,
after the diftance anq latitude, according to each
marking of the log, there isa column for the dif-
ference between that latitude, and the latitude ob-
ferved. ¥ thought it befb to continye the reckon-
ings without corrections, as if there had been no
obfervation, in order to fhew the difference upon

the whole run, as wellas from.opne obfervation to an-
other. TABLE
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On the Voyage Out.

By the Common Log, By the Common Log, By the Common Log, ‘ By Bouguer's Difference of)| Bouguer’s Log, increafed by
marked 49 Feet. marked 45 Feet. marked 51 Feet. Log, marked [ithe Diftance by z of the Difference of the
Dy cEihe 51 Feet. "the COIT]ITIOI“.I Diftance by t’hc Common
Month Courfe. Iand el and Bouguer's Log. Latitude
’ e l = , _ \Log, each mar- ; i\ |
fintienda itference between atitn Difference 'bctwecn - Setide D;Hcrence_ between irude Hked ‘eet. ; Difference between £ 2N
Diflance. | by ;{‘jc_f;:;':fd:n 7 || pinance. I;tb; de tae Dstitude 7 || Difience; utb;'d the Latiude by || i3 e, o g ot Foct ) L";)‘;“JE the Lasiurle by Obfervation.
Obfervat g Account. Obleryatin Account. ObGivalion. \ccount. Account. UT:T@::U:.ttit;’:_(

June 16{|{N 27 E 277 60 37 o 8 29 60 39 o 10 26 6o 36 o 7 ; 60 112
17N 7 E 136 | 62 521 o 7 147 | 63 5 o 6 I3t | 62 46|  © 13 ‘ #ifin
18IIN 7 W 131 65 2 o 16 141 65 25 o 7 126 64 51 o 27 ! 6:' }3
19|lN 4 W 54 65 56 58 66 23 2 ety 52 65 43 N e 2 X
20{IN 30 E 59 66 47 ¢ 63 67 17 A 57 66 32 s . i1k
21N ¢ W 60 | 67 47 o 18 65 | 68 22 o 17 58 | 67 30 o 35 : eal e
22|l North 149 70 16 ; 161 7L, 2 o b 143 69 53 : . 5
23N 2 E 89 | 71 45 : 97 | 72 40 « o || 86 | 9119 : : PRV
24||N 41 E 81 72 46 e 18 88 73 46 . 78 72 18 AR J :

7 Elfzo E 99 | 73 15 o 50 o7 itk Ig 013 95 | 72 42 I 23 . : L RIS 74 8

20| a 33 73 15 I 10 3 74 1 9. 32 | 72 42 I 43 33: | 74 13 3 o 20 4 25

27\iN 21 W 59 | 74 10 64 | 75 18 o o 57 Wi 73135 . 645 35 g 74 35’% :“sr ; .« 71.t f

28|IN 10 W 126 ~6 14 4 137 " o4 . . 121 75 34 : 126 | 77 9 g 1275 | %7 12 sl £l

29||N 26 B 28 76 39 I 20 30 77 59 o ©o 27 | 75 58 2 I 27 | 77 %4 o 27 ?:; 36 o 23 77 :,Q.

30N 52 E 20 | #6 s1I 117 22 | 48 12 ° 4 19 | 70 10 I 58 21 | 77 471 2 215 | 77 §o o 18 ?é 8
On the Voyage Home.

Auguft 20||N 34 W 30 | 8o 12 32 | 8o 14 29 | 8o 11 SO RO ‘ : o
21||S 83 W 50 o § 54 8o 8 48 8o 3 50 | 8o g 2 50 {80 4
22||S 14 W 42 79 24 45 79 24 . 40 79 26 . 41 79 25 I 41z 70 2.4+
23|IS 15 E 130 | Houolt . o % 151 | 76 59 - 133 | 77 18 . 142 | 778 9 1443 |77 6 : geba )
24| a2 B . || 77 | 75 55 o 3 83 | 75 38 © 20 |74 | 76 6 o 8 78 | 75.52 " 79.175.49 °© 9 75..58
25llS 25 W 48 |75 12 o 3 s2 | 74 511 o024 Il 46 7524 o 9 Gl B 4 51 -175 3} ° 12 75 15
26(S 23 W 127 | 73 19 e 137 | 72 45 oo+ l122 | 73 32 . o || 130 | 7317 8 132 |73 1§ . SRR
2llS 37 W 45 | 72 40 o It 40 |72 6 0 23 43 | 72 58 o 28 46 | 72 30 3 461 |72 24 o 5 72 29
28l1S 61 W 44 72 19 . 48 71 43 . 42 72 38 . 3 72 | 9 3 45%¢ |72 2 : y
20/S 5 E "0 71 9 . 76 70 38 il 67 71 31 A 77 70 52 10 79% |70 43 o A5

30[lS 41 E 54 70 29 o 12 59 69 43 0 34 52 70 52 © 35 55 70 11 3 55¢ |70 I o 16 70 19
21|{South 86 69 3 93 68 10| . ! 83 69 29 ] 86 68 45 3 86; |68 34 ) |5
September 1|[S 64 W 7 |69 o 3 AR e 7 | 69 27 . 4 | 68 43 3 3. |68 32 . o N MEES
2liS 12 E 45 | 68 14 o 3 49 | 67 19 0 52 43 | 68 44 o 33 51 | 67 &3 8 532 |67 40 o 3I 68 11
31S g W 138 65 57 o 2 148 64 52 1 7 121 66 34 o 35 P A R A TR ST . 65 <9
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1 alfo tried two perpetual logs; one invented by
Mr. Ruffell, the other by Foxon, both conftructed
upon this principle, that a Spiral, in proceeding
its own length in the direction of its axis through a
refifting medium, makes one revolution round the
axiss if therefore the revolutions of the fpiral are
regiftered, the number of times it has gone its ows
length through the water will be knowa. In both
thefe the motion of the fpiral in the water is com-
municated to the clock-work within board, by
means of a fmall line, faftened at one end to the
{piral, which tows it after the fhip, and at the other
to a fpindle which fets the clock-work in motion.
That invented by Mr. Ruffell has a half fpiral of
two threads, made of copper, and a fmall dial with
clock-work, to regifter the number of turns of the

fpiral.  Foxon’s has a whole fpiral of wood with one
thread, and a larger piece of clock-work, with
three dials, two of them to mark the diftance, and
the other divided into knots and fathoms, to fhew
the rate by the half minute glafs, for the conve-
nience of comparing it with the log,

This log, like all others, is liable to the firft
error, as well as to the fecond. The third it par-
takes of in a very fmall degree, only affefting the
reckoning by that quantity which the fpiral is
thrown towards the fhip; whereas in the log the
{ame circumftance affects the whole rate for the
hour. The fourth it is entirely free from, as well

K 6 as
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as the fifth. It will have the advantage of every
other in fmooth water and moderate weather,
when it is neceflary to ftand on one courfe for any
particular diftance, efpecially in the night, or a fog,
as it meafures exactly the diftance run, It will alfo
be very ufeful in finding the trim of a thip, when
alone; as well as in furveying a coaft in afingle fhip,
or in meafuring diftances in a boat between head-
lands or fhoals, when a bafe is not otherwife to be
obtained ; both which it willdo with the greateft ac-
curacy in fmooth water, with a large wind, and no
tide or current.  But notwithftanding thefe advan-
tages, which will make it very ufeful and worth
having, I doubt much whether it might ever be
fubftituted entirely in the room of the common log.
Machines eafily repaired or replaced have advan.
tages at fea, which fhould not lightly be given up for
others more fpecious.

OBSERVATIONS,
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(ORSERVATIONS On the Ufe of the MEGAMETER
in Marine Surveying,

HE greateft difficulty in marine furveying is

that of obtaining an accurate bafe, from the
extremities of which the angles may be taken with
precifion, for afcertaining the bearings and diftance
of headlands and fhoals, when either want of time
orother circumftances make it impracticable
land and meafure a bafe. The ufual way is, 10
eftimate.the diftance by the log, and to take the
angles | by- the compas. This method is liable to
many errors, and affords no means of correfting
or difcovering them. ~ The Megameter, conftrudt-
ed upon the principles of the object-glafs micro-
meter, defcribed by M. de Charniere and applied
by him to find the longitude at {ca, I thought
might be ulcfully applied to maring {urveying.
That which [ ufed was made by Ramfden, with
fome improvements. The advantages I imagined
might be derived from this inflrument were, 2
more correct and expeditious manner of determining
the pofition of coafts, and the diftance of fhoals or
the fhip from headlands. This inflrument being
divided to ten feconds, an angle may be taken by
it with great accuracy to five feconds, . The height
ofa ﬂ'lip‘smﬂﬁ~hcad above the water being known,

it is eafy to find with this inftrument, by a fingle
obfervation, the diftance between two. fhips, and
con=-
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confequently to determine a bafe. The angles
being taken with an Hadley’s quadrant from each
of the fhips, to the objects whofe fituations are de-
figned to be afcertained, the diftance may be found,
and, confequently, their yelative fituations.  If
there is a megameter in each thip, the altitudes
taken from both fhips at one inftant, and the
angles of the different parts of the coaft intended
to be furveyed obferved with an Hadley's quadrart
at the fame time, will give the fituation with more
accuracy and expedition than any method of furvey-
ing from fhips hitherto practifed ; with the farther
advantage of the certain means of dete@ting any
error in the obfervation, {6 as to judge whether it is
of fufficient importance t6 be attended to. The
only precautions neceffary are ; to make the obfer.
vations at the fame infant, to prevent their being
affected by any alteration in the relative pofition of
the fhips, as a very fmall one there would occafion
a confiderable error in the diftance; and to be care-
ful in chufing objets fufficiently defined and te-
markable.  This merhod of furveying has the fur-
ther advantage of giving the feale of a coaft ; Sea-
men, though they Judge very accurately of their
diftance from places upon coafts well known to
them, are very often miftaken when they fall in
with land they have never (een before ; of which
we had, at firft, fome inftances in this voyage, the
height of the mountains, before we knew the feale
of the coaft, making us always think *ourfelves

nearer
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nearer the land than we really were. Where the
coaft is at all high, the megameter affords a very
accurate and expeditious method of determining
the height of all the points, when their diftances
are found ; and thence, the heights being known,
of afcertaining immediately by a fingle obfervation
the fituation of the fhip, or the latitude of any
point by the bearings at the time of a meridian
obfervation: the direfion and rate of currents o
tides may alfo be found in this manner with great
accuracy. 1 made feveral obfervations during this
voyage with the megameter, fome of which 1 fhall
give as examples; they were fufficient to prove 1o
me the great accuracy that may be attained with
this inftrument after fome practice. The utility of
fach a method of obtaining a furvey on an enemy’s
or undefcribed coaft, as well as that of being able
to prove the truth of charts by a fingle obfervation,
is obvious.

June the fifteenth, the thip being in latitude 60°
19', longitude 0° 39’ W, Hangcliff bore S 63° 00’
W ; variation, 23° W. '

The altitude of the Carcafs’s maft, by the mega-
meter, was 35 48" height of the maft, 102,75
feet; hence the diftance between the Racehorfe
and Carcafs was g861 feet: angle between the
Carcafs and Hangcliff, 85° 485 between the Race-
}

e

horfe and Hangcliff, 87° oo ; From whence t

difference of latitude was found 10" S; difference
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of longitude 17’ W, Thercfore, the latitude of
Hangcliff is 60° ¢/ ; longitude o° 56’ W.

July the fecond, to try how far the megameter
could be depended upon, Iobferved the altitude of
the Carcafs’s maft 2" 23" 48" ; the angle between
the main-yard and main-topfail yard, o° 44' 26"
hence the diftance between the main-yard and maip-
topfail yard came out — 31,750 feet,
By meafurement it was found 34,125 feet.

Difference 2,375 feet,

The diftance between the two fhips, deduced
from the altitude of the maft, was 2457 feet.
By the angle of the main and main-topfail
yard, the diftance between them being
34,125 feet, —_ —_ 2640 feet.

Difference 183 feet.

Which is not more than the fhips might have
changed their pofition in the time of reading off and
fetting down the firft obfervation before taking the
fecond.

An error of ten feconds in the obfervation of the
angle fubtended by the maft at this diftance, would
make an error of two feet and three quarters in
the diftance. At the diftance of a nautical mile it
would produce an error of fixteen feet. At other

diftances the error decreafes as the fquares of the
diftances
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Jiftances decreafe; and atother heights it decreales
as the heights decreafe.

Whenever the diftance of the objec, whofeangle
is taken by the megameter, docs not exceed that
of the vifible horizon, the very fmall portion of the
carth’s furface intercepted between the object and
obferver, may be confidered as a plane, to which
the obje is perpendicular, and the diftance may -
be concluded by refolving the right-angled triangle,
formed by the upright objeét, and lines drawn from
the obferver’s ftation to the top and bottom of it.

But in greater diftances, the bottom of the object
being concealed from the fight of the obferver, it
becomes neceffary to have recourfe to a different
calculation.

The only cafes which can occur in pratice are
two; .the one when the height is given to find the
diftance ; the other when, the diftance being known,
the height of the object is to be deduced from the
obfervation : both which are eafily folved by the
following practical rules.

To find the Diftance.

To the apparent altitude of the object above the
fenfible horizon, add the complement of the dip
anfwering to the height of the obferver’s eye above
the fea; the fum is the angle BA E (fig. 1.); and
fay : As the femi-diameter of the earth increafed
by the height of the obje, is to the {emidiameter
{o is the fine of

increafed by the height of the eye;
’ =] ’ 3
B AE,
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BAE, to another fine, which is thatof the angle
B; the difference between 180°, and the fum of
the two angles BAE and B, is the value, in de-
grees and minutes, of the are GC of the earth’s
furface intercepted between the eye and object,
Multiply the number of minutes and decimal parts
of a minute in this arc by the value of one minute
in miles, fathoms, or fuch meafure as may be moft
convenient, and you will have the diftance in the
like meafure.

EX AMPLE

The height of Snow Peak being 1503 yards, its
apparent altitude above the horizon of the fea was

obferved to be - — 1° 47’ 6"
The height of the eye being 16 feet,
the complement of the dipis 82° 56" 11"

—

TmmmmEAB9f4§zf

To the femidiameter of the earth
in yards 6966382 - ~
Add the height Add the height

of the object 1503  of the eye
Semidiam. + Semidiam. 4

height of the height of
ebject 6667885 the eye 6966387z

———— e T —

As
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As 6967885 Co. Ar. 3,1568990
To 6966387 % 6,8430076

H

Sois Sine EAB go° 43" 17" 99998040

P e

To fine B 87 54 30 199997106

179 37 47
Subtratted from 180 © O

e

o 22 13 the diftance.
Therefore the diftance is 22,22 minutes, or nautical
miles.

This multiplied by - 2040 the number of yards

- in one minute,
The produét 45328,8 is the diftance in
- yards.

To find the Height.

To the apparent altitude of the object above the
fenfible horizon, add the complement of the dip an-
fwering to the height of theobferver’s eye above the
fea, the fumis the angle B A E; to thisadd the ho-
rizontal diftance of the eye and object in degrees
and minutes, and fubtrack the fum from 180°, the
remainder isthe angle B: then fay, as the fine of B
s to the fine of B A E, {o'is the femidiameter of the
earth increafed by the height of the eye toa fourth
number ; from which fubtra&ing the {femidiameter
of the earth, the remainder is the height of the ob-
ject,

L EXAMPLE
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EX A MPLE
July the fecond, the apparent alti-
tude of Snow Peak was obferved to
be, at the diftance of 37507 yards or

18' 30" 2" “12'"%0"
The height of the eye being 5 :
yards, the complement of the
dipis = - - 2 = * 89 56 11
Hence the angle BAE 92 ' 8 31
Horizontal diftance 18 30
—
92 27 &
Subtradted from 180
Angle B 87 3, 59
Semidiameter of theearth 6966382
Heightof the Eye 5%

Semidiameter 4- height of'—
the eye 6966387%

AsfineB  87° 33’ £9"Co, Ar. 0,0003972
TofineBAEgz 8 1 919996965
So is femidiameter + height

of the eye = 6966387 1 yards  6,8430076

To 6967888 x6,8431013

B

Semidiameter 6966382

- Height 1506 in yards,

DEMON-
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DEMONSTRATION.

Let GF C (plate 1. fig. 1.) reprefent the furface
of the earth, E its centre, BC the height of a hill
or other object rifing perpendicular from C; A is
the place of the obferver’s eye, whofe height above
the level of the fea is A G. . Draw A H perpendi-
cular to A E, and A F touching the circle GEC
in F. Then HAF is the dip, E AF its comple-
ment, D A B is the apparent altitude of the object
above the fenfible horizon ; to this add E A D, the
fum is EAB. In the triangle E A B, the fide E A
is the fum of the femidiameter EG and G A the
height of the obferver’seye; EB the fum of the
femidiameter E C and CB the height of the object;
the angle A E B is meafured by GC the horizontal
diftance between the obferver and object. Now in
the firft cafe there are given in the triangle E A B,
the fides E A, EB, and the angle BAE, to find the
angle A EB; and in the fecond there are given the
angles BA E, AEBand the fide E A, to find the
fide E B and confequently B C.  The trigonometri-
cal folutions of thefe cafes are the above practical

rules.

OBSERVATIONS

1

————y
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OsservaTiOoNs on the VARIATION,

HE Variation of the compafs, always an in-
T terefting object to navigators and philofo-
phers, became peculiarly fo in this voyage from
the near approach tothe Pole. Many of the theo-
ries that had been propofed on this fubject, were
to be brought to the teft of obfervations made in
high latitudes, by which alone their fallacy or uti-
lity could be difcovered, They of courfe engaged
much of my attention, and gave me the fulleft
opportunity of experiencing, with regret, the ma-
ny imperfedtions of what is called the Azimuth
compafs. This inftrument, though fufficiently ac-
curate to enable us to obferve the variations fo as
to fteer the thip without any material error, with
the precaution of alwaysufing the fame compafs by
which they are taken, is far from being of fuch a
conftruétion as to give the variation with that de-
gree of precifion, which fhould attend experiments
on which a theory is to be founded, or by which
itis to be tried. The obfervations taken in this
voyage will fully evince this, by their great varia-
tions from one another in very fhort intervals of
time ; nor is this difagreement of fucceflive obfer-
vations peculiar to the higher latitudes, and to be
imputed toa near approach to the Pole, as1 found
it to take place even upon the Englifh coaft,

As to the obfervations themfelves, they were
taken with the greateft care, and the moft feru-
pulous attention to remove every circumftance

' which
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which might be fuppofed to create an accidental
error 3 the obfervations being taken {fometimes by
different people with the fame compafs, in the
ame and different places; fometimes with differ-
ent compafles, changing the places and the ob-
fervers repeatedly, to try whether there was any
error to be imputed to local attracion, or the dif-
ferent mode of obfervation by different perfons. I
have fince my return tried the compafles by a me-
ridian as well as by taking azimuths, and find
them to agree with one another, though the fame
compafs fometimes differs from itfelf a degree in
fucceflive obfervations.

That every perfon may (as far as is pofiible
without having been prcfenr at the time) be en-
abled to judge of the degree of accuracy to be ex-
pected in fuch obfervations, as well as the degree
of attention paid to thofe made by us, I have fet
down every circumftance that I thought material,
giving every part of each obfervation, with each
{eparate refult, and the mean of every fet, withthe
weather at the time. Whenever I mention its
blowing frefh, it was only comparatively with re-
fpect to the reft of the voyage, 1o obfervation hav-
ing been made in any weather which might not

generally fpeaking be called fme. -

Having faid fo much of the inaccuracy of the
inftrument, I muft add, thatl think fome general
and rather curious inferences may fafely be drawn
from thefe obfervations. Oaels, that the variation

L 3 near
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near the latitude of eighty, if it alters at all wity
time, does not alter in any degree as it docs in thefe
latitudes : the variation having been found by Pools
in 1610 to be 540 20" W in latitude 78° 34'5 18>
16' Win Crofs Road in latitude 79° 15" N; and
17° 0o within the foreland in latitude 78> 5,
By Baffin in 1613, in Horne Sound, latitude 46°
55", the variation from the meridian was j5° 14
W but by his compafs 14°: his compafs “ was
touched 53 Eafterly,” that being the variation in
London at that time: in Green Harbour, latitude
77" 49, he obferved the variation r3° 1;/ W,
Fotherby in 1614, made the variation in Magda-
lena Bay, latitude 79° 34" N, 25° 00' W5 and in
latitude 79° 8, two points. Neither Poole nor
Fotherby mention whether their variations are
reckoned from the meridian, or whether their com.
pafles, like Baffin’s, were fitted to the variation at
that time in London, If Fotherby’s were taken
with a compafs in which a correction was made for
the variation at London, his obfervation agrees ex-
actly with thofe made by me in Vogel Sang and
Smeerenberg ; and thofe of Poole and Baffin differ
fo little from mine, that the difference need not be
regarded. But the variation in London now differs
from whas. it was at that time above twenty-fix
degrees.

The other inference is, that in going to the
Eaftward in the latitude of eighty, the Wefterly
variation decreafes very confiderably from a differ-
ence in the longitude, Table
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Table of the Obfervations of the Variation.
Day of [ Lati- [LongitudelAltit. of the| Sun’s Mag-[Sun’s true A-|Weft Varia-| Mean of Remarks,
the tude in in Sun’s Lower| netic Azi-|zimuth from| tion from |the Obfer-
Month. Limb. muth. the North. !each Obferv.| vations.
AR P OBIT © 7 N | P R © 7 © ] P [ ————— e
36 50 |5 62 15 El 100 42 i T
Ture 6 37 4 62 20 101 -2 16 37 16 55| The Weather very fine, and
at 7 AM.| 5220 37 39 61 o 101 54 i the Wat:r fmooth.
AV 37 56 61 30 ioz 19 16 10 - }16 5
38 20 62___:::1 102 §5 16 34 X
3t 44 |S 59 30E| o8 44 21 46
34’2 58 45 | 99 17 2t 8
14 : . wl 32 16 57 30 99 44 22 46 ,| The Weather very fine, and
aty AM,| 92 20| ¢ 7 32 36 730 | 100 22 22 8 S the Water fmooth.
33 135 56 50 1ot 36 21 33
238535 - 56 35 102 16 L. G
14 13 51 [N 44 sW| 67 16 23011
at 6 PM 6o 2c| o 39 W 13 2% 43 1§ 66 30 23 15§ 22 58
L andi bt 13 3 TASORNE05 190 )1 42740
29 48 N 1 17 50 E g5 6 | 22 44
30 29 120 30 g6 20 24 1o §z3 31
1e . 3L, -50 122 30 98 50 23 40
at ~ aM.| 60 2¢] o 39 W| 31 56 122 52 99 2 23 50
’ 32 19 123 10 99 45 23 25 162
32 34 124 15 100 14 247 vl
2% e 126 40 o0 48 24 52
o+ Jlsi,-. 6o 2¢| 0 39 W ’ 26 16
s . 3z 8 |Nizo 30 | 1ol 20 19 10
17 7 . W 32 {s} 122 15 | 102 48 19 27 - g
&18:’\"\! 02 3 4 v ;‘ 6 123 ::') | IU3 44 19 26 19 22 |o0me oea.
7 L __;"._ "_i__ 1z4 10 | 104 ‘}(j 19 24
I‘-"r._\l. ‘ {9 1 Freth Bregﬁ-:il. and fome
= _p'?_z—. _\_(3; o) 50 20 25 10
17 43 95 30 [ 71 18 24 12
18 47 97.506: 'l 5] 23 50
21 = Jroatie ) 19 © 96 30 74 32 21 8 Frefh Breezes, not much
at 6. AM{ PP IE QUGN 19 11 g8 30 ‘ 75 Jo 23 30 a8 Sea.
19 30 g8 o 75 48 22 12
19 §5§ 100 © 1 76 so 23, 10
20 .o 99 30 27 L2 22 28
26 12 [E 34 308 |.n_3-_'3() 20 j.-,r“_
1 34 o | 107 22 16 38
25 m e 29 34 36 30 | 110 26 16 4 i Blowing frefh, a good deal
at 7 AM 3.55] 795 E 29 57 38 30 110 56 F 3 iy 3 of Sea. A
30 6 37 30 | arr jo 16 o
3o 16 37 30 114 46 15 44
1g 36 \T -('i%_j T ‘*3__:"-6_ 8 16 - —
19 30 65 30 %3 21 7 s § s 'ilo_wing freth, with fome
31 19 17 65 30 | 73 6 7 16 oea ; but nor enough, i
" A pAL| T# e 8 36 17 12 s g o 64 I5y PR T my opinion, to have oc-
i i D 56 30 64 16 7 46 ( o 4-| Cahoned lo greata diffe
16 36 55 40 63 49 oG I 7 4 rence.
- 16 45 $o8% 28__ (3'3__2; 7 56
25 40 |E 24 30 8§ ‘g5 25 e I (
2¢ 26 22 30 g6 24 16 6 T
26 2 23 20 95 45 6 35 |
26 16 25 30 97 36 17 54
25 - . 20 ' 18 25 30 93 52 16 38 }tﬁ 50
at 7 AM.| 74 2€1 9 43 26 53 26 o | 100 2 15 ¢8
2y 8 29 30 100 50 18 40 }I__ 2
27 36 28 40 | 102 36 16 4 ¢
28 33 35 35 | 106 20 19 15
28 so0 36 s 107 20 18 45 § EN S
27 52 |E 35 40 S| 103 36 22 9
27 o 28 2 36 33 104 14 2z 16
at 3 AM,| 74 201 9 43 28 14 353 |105 o | 20 307 M
28,23 35 20 105 30 | 19 50
o Jo. 1. |[B 46 658} vra " Z 23 58
at - AM.| 74 20| 9 43 30 17 47 20 113 5 24 19 23 8
> i 30 41 46 1 114 47 21 13
' 2t 26 [N 70 30W| 79 s0 9 20
21 LRQ 67 30 78 31 & S }IO 10
21 © 68 30 77 48 9 11
20 50 gg 40 7g o 9 20 } 9 34
2 <0 42 20 7 24 10 .1_ . w. d
aspm | 78 2| 750 17 13 47 5 | 59 2 | 1 g3 Lighc Winde, Ve
17 1o 45 4% 58 46 gty 1z 36 RIOGLD-
LTRALLS 45 30 58 20 12 5o
16 358 44 15 57 42 T
16 55 44 35 57 26 12 51 12 57
16 51 44 30 57 4 | 12 54
16 4t [N 43 40W| 56 10 1z 30 4
16 38 43 30 56 52 12 22 6
16 30 43 © EdSeh 120 -8 e
29 8 I 16 29 43 © BE o4 12 4 Light Winds, the Water
at 8PM.| 7% 2| 7 5° lg 24 41 42 54 35 13 13 {mooth.
1 20 41 o 54 12 13 Iz
16 14 41 15§ 53 38 12 23 12 16
16 4 40 30 52 42 12 12
firu]; PT\ZI. 78 22/ g 8 By the Mean of Three Obfervations. 14 55 Light W“Eféolttc Water
79 50|10 2 ~ At the Ifland, zo 38
22 37 |8 84 oW|[ 109 Ig 13 14
2231 84 10 108 4 12 g8 - x :
’ ZGPM 8o:18i3 12 22 25 84 25 107 §7 ey 12 47 Light A:r;, rhi Water
s 22 23 84 40 | 107 46 12 26 MIADLR.
22 22 85 10 107 45 12 2%
11 28
g 12 54
2 e 24 Light Breezes, and the Wa-
g 4 ight Breezes, and the Wa
at 6 AM.| ©° 3°[15 14 11 24 1 56 ter fmooth.
11 56
12 30
T The Weather very fine, and
atgpm| 50 35[19 o Gt the Water quite fill.
79 44| 9 51 At Smeerenberg 18 7
Aug. 31. N
at opd| 68 46| 3 24 15 3 [N 87 50W| 107 32 | 19 33
4 35 [N 5345W| 79 49 | 25 4
& 31 53 3° TNeaT 25 ; I S iha
31 g 4 10 53 35 99 A1 24 6 Calm, and the Water very
at 6 PM 63 471 3 24 &7 2 53 1§ 77 19 24 4 a4 Y7 {mooth.
3154 53 39 bt 23 21
3 44 52 30 76 30 24 o
17 13 [N 86 25W| 111 48 28 23
16 42 84 30 | 110 34 26 4
Sept. 3 = 15 59 82 33 109 24 26 49 Light Breezes, not much
at 6 PM | 65 47| 2 27 15 10 8 3,0 106 24 28 2} 26 558 Swell,
13 42 75 30 | 103 34 28 4
B3 =0 73 45 7| 10034 | 35 49
18 3_;_“5 43 30 E] 114 56 21 3t
19 2 41 © 116 12 22 48
19 27 40 30 117 14 22 16 Light Breezes, and the Wa-
19 56 39 15 118 32 22 13 23, 4 ter very fimooth.
20 45 37 45 | 120 40 21 35
21 45 33 30 123 38 23 2 . T 1
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AccounT of the OssprvATions made with the
MariNe DippiNc NEEDLE, conftructed for
the Board of Longitude by Mr. Nairne.

) HE inftrument, hanging by an univerfal
5 joint on a triangular ftand, is adjufted fo
« 25 to hang in a plane perpendicular to the hori-

¢« zon, by means of a plumb line, which i§ to be
« fufpended on a pin above the divided circle, and
« the dovetail work, which alters the pofition of
« the inftrument, by turning a button. The two
“ go° on the divided circle, are adjufted fo as to
¢ be perpendicu]ar to the horizon, by the fame
« plumb line and the adjufting fcrew : and at the
« Joweft go°, when it is adjufted, the pointer is
« fixed. The length of the magpetic needle is
« twelve inches, and its axis (the ends of which
« were of gold alloyed with copper) refted on fric-
« tion wheels of four inches diameter, each end on
¢ two friction wheels ; which wheels were balanced
¢« with great care. The ends of the axes of the
¢ fri&tion wheels were likewife of gold alloyed
“ with copper, and moved in (mall holes made in
¢ bell metal; and oppofite the ends of the axes of
« the needle and the friction wheels, were flat
¢¢ agates finely polifhed. The magnetic needle vi-
« brated within 2 circle of bell metal, divided
.ach way, as far as fixty-five
and half-degrees: the

« other

« from the lower go°
« degrees, into degrees
1

o
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“ other divifions were two degrees and a half; the
“needle being very nearly balanced before it was
“made magnetical: but by means of the crofs,
“ fixed on the axis of the needle (on the arms of
* which were cut very fine fcrews, to receive the
“{mall buttons, that might be fcrewed nearer or
¢ farther from the axis) the needle could be ad-
“Jufted both ways to a great nicety, after it was
* made magpetical, by changing the fides of the
“ needle, and reverfing the Poles, As this needle
“at fea could feldom remdin at reft; to remedy
“in a great meafure this inconvenience, the di-
“ vided circle is made moveable by turning the
“ button; fo that when it is ufed at fea, the di-
“ vided circle is moved till fome principal divifion
“ s the mean of the vibrations : then that number
“of degrees and half-degrees diftant from the
* pointer, fubtrated from ninety, gives the dip,
“if the needle is properly balanced: but left it
“fhould be fomewhat out of balance, the moft
“ certain way is, firft, to take the dip with the
¢ face of thedivided circle to the Eaft, and after.
“ wards to the Weft, and then changing the ends
“ of the needle by reverfing the Poles, and taking
“ the dip as before, with the divided circle front-
“ing the Eaft and Weft: and the mean of thofe
“ four dips will be the moft accurate. In each cafe,
“when the dip is taken, the inftrument muft be
“ {o placed that theneedle vibrates in the magnetic

“ meridian.”
The
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The obfervations on the dip of the needle, dur-
ing this voyage, were made with great care: firft
the dip was obferved with the divided arch to the
Eaft, the inftrument being placed as near as poffi-
ble in the magnetic meridian; it was then turned,
and the obférvation made with the divided arch to
the Weft : the poles being changed, the obferva-
tion was repeated in the fame manner. The ac-
tual obfervations are exprefled in the fecond, third,
fourth, and fifth columns; and the mean refult in
the fixth. It appears by thefe obfervations that
the dip increafes in going North,

There is no reafon at prefent to fuppofe that the
dip is liable to any variation in the fame place at
different periods of time, it having been obferved

in London by Norman, who firft dilcovered it in
1592, to be 71° 50'; and by Mr. Nairne, in 1772,
about 72°. The difference between thefe obferva-
tions, taken at fuch diftant periods, is fmaller than
that found between feveral of Mr. Nairne’s obferva-
tions compared with each other ; and therefore we
have nd reafon to conclude that the dip has altered
fince Norman’s time: the care with which his
inftrument was conftructed, and his obfervations
made, leaves no room te doubt of their accuracy.

TABLE.
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TABLE of the OrservarioNs made with the
Marine DiPPiNG-NEEDLE.

Day of thefWell.| Eaft. [Weft. | Eaft. | Mean |Place of Obfer-
Month Di p vation,
g 19 el oalo T YR/
June 2 P.Ml73 of73 15[73 20]74 30|73 3! Latitude 51 35
2 P. M|74 30173 of73 20}73 39|73 35 near the Buoy]
of the Upper
Middle.
g P. Ml70 2073 of73 15)72 15)72 12 | Off Harwich
6P.M|72 of75 0|72 of74 3|73 22 }[n Southwold
Bay.
14P. Ml72 3073 3074 ol74 ©|73 30
%;'11-’. M.{75 15|75 Jt'-;4 ol76 3c|75 18 Off ShctT:u;Llf
15, 8 A. MJ74 3074 3075 of75 30|74 52 :
2 P. M_?4 30175 ;”?'; ol72 3(7_,§ o Latitude 60 18§
16P. M|77 of76 3076 30|77 ¢[76 45
22 Noon[78 of77 3078 |78 ¢|77 52 Latitude 50 45
23,9P. M81 3080 083 of8r 3081 30 | Latitude 72 40
24 Noon[82 30l79 3081 3079 of8o 35 | Latitude 7322
P.MJ77 30177 3981 o8z ¢f79 30| Latitude 73 36
26, 2 P. M{77 3cj80 ©of82 ol78 of79 22 | Latitude 74 30
28 Mid|83 3080 o2 of79 oSt 7 | Latitude 77 48
29,2 P. MJ79 158t ©o]y8 30/83 ofSo 26 | Latitude 78 2
30 Noon|76 43579 39§82 3079 4579 30 | Latitude 78 8
July 2, MidJ8o 3c|82 3080 30179 3980 45 Latitude 78 24
9,6 P. MJ32 45181 45183 o|Bo o8t g2 | Latitude 8o 12
. 81 4581 1582 0|82 30|81 52%}0:‘1 Shore.
3082 4581 1582 50l81 10/82 42| § Latitude 79 50
23Mid |83 1503 ofSo 40f81 1552 24| Latitude 8o 27
Auguft 1483 cf53 ofSt 1581 2082 83 At Smeeren-
berg. Latitude
79° 44’ on
fhore,
31 P.Mlyg 30l77 45080 ol79 79 41 Latitude69° 2/

ACCOUNT
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AccounT of the INSTRUMENTS made ufe of for

keeping the METEOROLOGICAL JourRNAL.

HE Marine Barometer was made by Mr.
Nairne, from whom I received the following
defcription :

¢« The bore of the upper part of the glafs tube
¢« of this barometer, is about three-tenths of an
«inch in diameter, and four inches long. To
“ this is joined a glafs tube, with a bore ahout
¢ one-twentieth of an inch in diameter. The two
« glafs tubes being joined together, form the tube

¢ of this barometer ; and being filled with mercu-
ry, and inverted into a ciftern of the fame, the

mercury falls down in the tube till it is counter-
balanced by the atmofphere.

« In a common barometer, the motion of the
« mercury up and down in the tube is fo great at
¢ fea, that it is not poffible to mealure its perpen-
¢ dicular height; confequently, cannot fhew any
¢ glteration in the weight of the atmofphere: but
¢ in this marine barometer, that defect is reme-
« died. The inftrument is fixed in gimmals, and
¢« kept in a perpendicular pofition by a weight
¢ faftened to the bottom of it,
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“ The perpendicular rifing or falling of the mer-
“ cury is meafured by divifions, on a plate divided
“ into inches and tenths, and by a Vernier divifion
¢ into hundredths of an inch, which is fixed to the
¢ fide of the tube.”

The HycroMETER 1 was favoured with by M.
De Luc; and the following account is a literal
tranflation of that which he gave me in French.

Tue part of M. De Luc’s Hygrometer which is
affected by the impreflions of the moifture of the
air, is a hollow cylinder of ivory, two inches eight
lines long, and internally two lines and a half in
diameter. Itisopen only at one end ; and the thick-
nefs of its fides, for the length of two inches fix
lines from the bottom, is but three-fixteenths of a

line. Itis this thin part which does the office of an
hygrometer ; the remaining part of the cylinder,
towards 1ts orifice, muft be kept a little thicker,
being deftined for joining it toa tube of glafs, thir-
teen or fourteen inches long. This junétion is
effeCted by means of a piece of brafs, and the
whole is cemented together with gum lac.

M. De Luc’s reafon for chufing ivory as the hy-
grometer, is, that this matter appeared to him
more proper than any other for receiving the im-
preffions of the moifture of the air, without fuffer-
ing thereby any effential change. The cylinder
made of it becomes more capacious, in proportion

- as




A PP ENDITX 119

as it grows moifter. ‘This is the fundamental prin-
ciple of the inftrument. M. De Luc has fince
found, thatupon letting this cylinder lie fome time
in water of an uniform temperature, it fwells to a
certain point, after which it dilatesno farther. This
circumitance farnithed him with a maximum of hu-
midity; and, confequently, with one point of com-
parifon in the fcale of the hygrometer ; and this
point he has fixed at the temperature of melting ice.
For meafuring the differences in the capacity of
this ivory cylinder, and thereby difcovering its
different degrees of moifture, M. De Luc makes
ufe of quickfilver, with which he fills the cylinder, :
and a part of the communicating glafs tube. The
more capacious this cylinder is, or, which 1s the
the fame, the moifter it is, the lower does the
mercury ftand in the glafs tube; and vice ver/d.

Now M. De Luc has found, that the loweft point
to which it can fink, is that where it ftands when
the ivory cylinder is foaked in melting ice: he there-
fore names this pomt zero, n the fcale of his hy-
grometer ; and confequently, the degrees of this
{cale are degrees of dryne/s, counted from below up-
wards, as the quickfilver rifes in the glafs tube.

T'o give thefe degrees a determinate length, and
thus render the hygrometers capable of being com-
pared with each other, M. DeLuc employs incon-
ftru&ting them fuch glafs tubes as have been previ-
oufly prepared, by being made into thermometers,

A
chlild
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and filled with mercury, fo as toafcertain upon them
the points of melting ice and boiling water, and to
take exactly the diftance between thofe points by
any fcale at pleafure. That done, the bulb of this
preparatory thermometer muft be broken, and the
quickfilver it contains exaCtly weighed. It is by
knowing the weight of this, together with the di-
ftance between the fixed points of the thermo-
meter, that the fcale of the hygrometer is deter-
mined. For inftance, let the weight of the quick-
filver be one ounce, and the diftance between the
two abovementioned points, one thoufand parts of
a certain {cale: then fuppofe that the quick{ilver
in the hygrometer, to which this tube is to be ap-
plied, weighs only half an ounce; this will give a
fundamental line, confifting of five hundred parts
of the fame fcale. The fundamental line, thus
found, is applied to the fcale of the hygrometer,
beginning at zers, and meafuring it off about four
times over, that the whole variation of the inftru-
ment may be comprehended.  Each of thofe fpaces
being afterwards divided into forty equal parts,
gives fuch degrees as M. de Luc has found moft
convenient. In general terms, the length of the
fundamental line of the hygrometer, muft be to
the interval between the two fixed pointsof the
preparatory thermometer, as the weight of the
quickfilver in the hygrometer, is to the weight of
the quickfilver in that thermometer.

This




APPENDIX. 121

This proportion between the fcale of the hygro-
meter and that of the preparatory thermometer,
furnifhes an ea(y method of correting in this in-
{trument the effets of heat upon the mercury it
contains,

It will eafily be conceived, from the conftruction
of the feale of this hygrometer, that if its cylinder
of ivory was fuddenly changed into glafs, the in-
ftrument would become a true thermometer, in
which the interval between the points, anfwering to
melting ice and boiling water, would be’ divided
into forty parts. If, therefore, a thermometer,
with a fcale fimilarly divided into forty, parts be-
tween the fixed points, be placed near the hygro-
meter, it will fhew immediately the correction to
be made on that inftrument for its variation as a
thermometer ; with fome reftriCtions, however ;
of which M. De Luc has given an account in the
paper he fent to the Royal Society on the fubject
of this hygrometer.

That part of the frame of the inftrument on
which the fcale is marked, is moveable ; {o that,
before obferving the points at which the mercury
ftands, it may be pufhed upwards or downwards,
according as the thermometer has rifen or fallen
with refpet to the point of melting ice : and thus
the indications of the hygrometer can at_once be
freed from the errors which would arife from the
difference in the volume of the quickfilver, on ac-
count of the different degrees of heat.

Defcription
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Defcription of the Manometer, conftrutted by
Mr. Ramfden,

Twue Manometer ufed in this voyage was com-
pofed of a tube of a fmall bore, with a ball at the
end; the barometer being at 29,7, a fmall quan-
tity of quickfilver was put into the tube to take off
the communication between the external air, and
that confined in the ball and the part of the tube
below this quickfilyer. A fcale is placed on the
fide of the tube, which marks the degrees of dila-
tation arifing from the increafe of heat in this ftate
of the weight of the air, and has the fame gradu-
ation as that of Fahrenheit’s thermometer, the
point of freezing being marked 2. In this ftate
therefore it will fhew the degrees of heat in the
fame manner as a thermometer. But if the air
becomes lighter, the bubble inclofed in the ball,
being lefs comprefled, will dilate itfelf, and take
up a fpace as much larger, as the comprefling force
is lefs; therefore the changes arifing from the in-
creafe of heat will be proportionably larger; and
the inftrument will thew the differences in the den-
fity of the air, arifing from the changes in its
weight and heat. Mr. Ramfden found, that a
heat, equal to that of boiling water, increafed the
magnitude of the air from what it wasat the freez-
ing point ¢ of the whole. From this it follows,
that the ball and the part of the tube below the

beginning
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beginning of the {cale is of a magnitude equal to
almoft 414 degrees of the {cale.

If we have the heibgt of both the manometer
and thermometer, the height of the barometer
may be thence deduced by this rule; as the

height of the manometer increafed by 414, is to

the height of the thermometer increaled by 4145
{o is 29,7, to the height of the barometer,

This inftrument, though far from complete, hay-
ing been conftruéted in a hurry for the purpofe of
a firft experiment, and liable to fome inaccuracies
in the obfervations from not having the thermo-
meter with which it was compared attached to it,
{eldom differed from the marine barometer % of
an inch. Should it be improved to that degree of
accuracy of which it feems capable, it will be of
great ufe in determining refradtions for aftrono-
mical obfervations, as well as indicating an ap-
proaching gale of wind at fea.

Meteorological
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Meteorological Journal.

tay of | Time. |Fahren- | Baro- [Hy- | Ma- | Lati- | Longi- | Winds and Weather. Remarks, &c,

the heit’s meter. |gro- [no- tude. tude.
vionth. Thermo- me- | me-
meter. |rer. |ter,
o In. dec. "o | e Lite' I
6 A. M. 58% s v oo ol .. . o . |NNW, hazy weather,
Noon 58L R 0 AR T S e R bl

June 4l4 .M. | 583 ¥ ol B DR TR 2

6 P. M. 56 :‘,9 9; 81 J LTINS T el e NNW, Clol.ld}'.

Midnight, 58 . s k| S0 Tt . E by N
|6 A. M. 584 IR [ D=l SRR By e | C S AT
¢| Noon, 50% 29:93 [ VIS ImN s . | A LN 21y
6P M | 54 lzoo6 [ 7o3[. | U I T INEbyR,§ M
6 AN T g P (ptn i b= B R I Ve P r—
6| Noon. 61 2990 | 73%|. .| 57 17| 1 30 E |SW, T
6 P. M. 56 29.03 | 28T e LS W By ).
7| Nooa. | 54 -:51.33 74 53 59| 2 39 N by E, hazy
| Noon. 58 30,04 755t 21" 53 3610, 86 NNE, i
B16P.M. | 53 [3008 [ 7s3|. .| 7.7 T . [ssE.§ By
Noon. 58 jo.es [ 70 |. .| 54 2] 012 SSE, -y
J6P.M. | 56 2999 | 70|. ... .. . . [SbyE, § "
10| Noon, 544 Jo,05 | 68 - 54 27| o 31 W|NNE, cloudy.
11| Noon, 58 29,60 oo | 50E]| [T T SE, cloudy. TH
12| Noon, 4 29,73 62 1. .| 62811 o SE, hazy. .
6A. M. 51% eI c2h [ ot e ]! [EARTITE |} T
13| Noon. 57 30,07 | 653 - .| 59 34| o 10 E | 3 E, clear weather.
6 P. M. 51k : Ko i L= 1 S .
14| Noon, 6o 30,16 | 62 | . .| 60 21| o 40 W|N, clear weather.
15| Noon. 554 29.96 | 64 Epi 60 16| o 48 NE, fogpy
66 A M. 49 = TR sl o BT e | SO W Ravy,
“| Noon. §5 29,54 | 64 |- .| 60 37] o 31 SW, foggy.
.| Noon. 52 29,64 | 63 |. -]163 0l 0 2 SSW, s
- Midnight. 49 3 ol Vrsaing ol [ A SR e | TS ciom,),
: 6 A. M, 48% TR T R ot i W (TR (g 07 el f) cloudy.
': '8 Noon. 52 29,72 | 62 | 543| 65 20| 0 17
: "6 P. M. 50 e e S e (L SE, foggy.
| Midnight.| 48 - . Eask
__'_l_'-.j Noon, 49 29,73 625| 54%| 66 14| o 27 SE; cloudy,
4 A. M. 43 FD TV SR (TR S I Y R
IK 20| Noon, 48% 29,90 [ 62 | 47 | 67 5| o 46 E |Calm, cloudy,
| Midnight,| 44% M | el i B g 1 E 0 e e i

| Nuvon, 50 2985 | 65 | 47 | 68 4| o 32 SSE, treth, cloudy.
Midnight.| 414 Rl | I L . . |9, cloudy.

Thermometer in the
air being 439, in the

6 A, M, 41 sl 11 et I it o e M LRY furface water of the
22| Noon. 42% 29,80 | 66 | 44 | 70 45| o 32 WSW, & cloudy fea it was 310,
Midnight. | 37% sSSP [ RS e : A | H O At 6 A. M. Thermo-

meter expoled to the
fun 5’ rofe 12°,

GA. M | 38 ST Bl PNV PR R L
Noon. 40 29,77 | 61 | 44 | 72 22| o 45 SSW, (,fb

2316 P. M. 38 il S S AR s == R S gey:

Midnight.| 37 e g5 Ta ot TIRNE | e e wii ISE by E, !

6 A. M. ET 1 TS T RS W ] e (1 S AR T

Noon. 40 3003 | 63 | 38 | 73 22| 3 53 |WSW, } foggy. 1
2416 P. M. 37 30,13 B e e TR e Tl O VNG elea weattige

Midnight | 34 TR (AR Jied 1501 | ity . .+ . |NNE, cloudy.

z A. M i - = p » R 0 £ > L& e . . » \!J\.L‘;, -

3 A. M. ;; AMAE L DR o L] sl {1 6 N:Eby.\l,}h“y‘

4 A. M. 36 Ui Al i sral (B kel | e e e mt | ,
asle A, MOE 36 s e e s e SRR

1 - N, fqually, hail and
Noon. 36 [3003 | 67 | 34 [ 74 5|9 44 { e
8 P. M. 37% e 1t el i e ek e L ENNE clondy:

Le Noon. 40% 30,33 | 82% 39%| 74 25(tr 46 NE by N, tair weather,
8 P. M. 41 U den @ deaping il 5, 5 L TAToottcatmy eloudy:
Noon. 40 30,00 | B7 | 43| 75 21| 9 43 W W, cloudy & [now.

2716 P.M 39 L Pl e e WS Wi eloady.

: Midnight, 39 e ool T NP PRI e AT DO A L
6 A. M, 38 I (O T e . |SSW, rain.

28| Noon, 39 20165 Thii o |8 a6 =8 52 S, hazy and rain.

Midnight 384 ety Ligs ENE, cloudy

At Midnight Thermo-

Noon. 19 e ] VERReA | SEER i DT N by E, hazy.

20 v 27 o Ay meter expoled to the

IMidnight.| 37% T e [ | S ki b S EININ PG _ Sun 30/ r[:)l'c 25
el The rife of the Hy-
N e i p 8 slio 8 E Calm and cloudy. grometer was occa-
0] oom 4 5 ki o (TRON (8 93 Variable winds and | fioned by a fire being
Midnight.| 42 fair. lighted in the ca-

. bin,

Noon. 44 29,63 | 84 | 50 | 78 18|10 353 WEW, hazy weather. [At Noon, Theimome-
July 1|8P, M. 50 sl ] s ks e T T et b a i my g ndifatr; ter expofed to the
Midnight.| 49 e Thlae e Tl ahelles derlle e RN e Wather fun, rofe 10% in 10",

At6 P.M. Thermome-

Noon. 43% 29,7t | 79 | 50 | %8 2z2|to 15 SSW, fair weather, - ;

2 Midnight.| 45 A s s e S s TR L e lnr and clondy: :;L ;:E‘::fg t;%é:o
Noon. 33% T T 78 36|10 15 S, hazy.

3 M:dnight, 40% A i MERRE! 12 Ll i e RIS Eelbndy:
Noon., 44% 2094 |- . 79 31| 9 57 Calm and fair,

416 P. M. 40 ey o . ... .". |Calm and clear.

Midnight.| 40 Variable and foggy.

Noon. 41 29,94 79 55| 9 17 |SW, foggy.
5|Midnight.| 37%2 |0 . XS B e
Noon, 39+ 29,80 | . .. :] 99 59| 8 37 SE, fair,
= Le-P £/ - ¥
€ L M. - ) Dt Il N ) LIS, S SE, cloudy.
I 8§ PP M. 38% R R R e i S il
A . y Thermometer placed
s ‘;:‘}J,O'}“d 397 fg;f’ T 1 T R OB L N, rainy. clofe to a piece of
J Midnight,| 39% T gis Wl DAH TGS AR, by E, cloudy, Iti,e’wf:“ o 358
|6 A, M. 40 SRS SHICH R (RG-S RS | ot Near the ice.
g! Noon, 39% 20,83 |- o] ol o o o o [WDyS, oudy.
6 P M. 37 c wsefe oo oo o e o . |SE,foggy.
Midnight.| 3¢ e o owle o] st e o] e o . |SW, cloady.
At 3 P. M. Thermo-
1 1-"1. M. o o w2948 oo | vl ol i SW, cloudy. meter expofed to the
9 I\c:on. 40 20,83 | .|+ o 80 #ls & }SW] ' S. cloud wind blowing from
6P. M. 39 W SN TR R S 7Y By CLOuL. the ice, fell, in g/,
Midnight.| 38 A Gl [ - - |8 by W, thick fog. from 42° to 39°.
' Near the ice.
Noon, 30% 20,86 . ol. ] Bo 22| 2 12 SSW, thick fogg, Among the ice
i Midnight. | 38% I T s ] S cloudy. = R :
f At 10 A. M. Thermo-
A. M. . N T R B meter expoled to the
2 A. M ji i R }SSW, with rain. Sun 30’ rofe 26°,
11 . , . - | e . L . . el » . . 3 * =
Noon. 20.66 | i ¥ g . - At 7 P. M. Thermome-
Midnight, -:f -9,‘:(” . i el e ter fell fuddenly to
37° then rofe again

| x| [ J « . . |Lightairs and fair,
about 8o,

M = Meteorological
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Day of Time, Fahren- |Baro- |Hy- [Ma- | Lati- | Longi- |Winds and Weather, Remarks, &c,
the heit’s meter. |gro- |no- | tude. | tude,
Month. Thermo- me- |me-
meter. tér. ter.
° Indec. | © o T
Noon. 45 29,58 R . « |ENE, cloudy. Light winds:
July 128 P. M. 45 fen 2 uls . .« « |Calm, cloudy.
‘Midnlghr. 44 A | e . « |Calm ard fair.
Noon. 46 29,63 | I .« »4Calm an_(JL?:_I-uudy.
313 P. M 2 {SW byS, fqually
TN 4 ) LI (S BB © and cloudy.
| : Thermom e
{Noon. 36 : - ENE, foggy. cter expofed
4IMidnighr. 38 . i G ENE, cloudy, :306:2? Sun rofe to
. |Noon, 45 ole 5 afeiiE i INNE; z
'%Midn;ght.J 46 e \ i IW, } fair.
Noon. 49 1. e e —— Tbcm:lwmcter expoled
e 4 v 1ght airs and clear,| tot S t
(Midnight.| 48 S CRETE PR } B bl sgo; un rofe to
{Noon, L oo e . ]
7 J‘v‘l?g:ight. ‘i‘; . [ sl } Light airs and clear,
Noon, gl g f : T TR L,
L E 45 s | ¥ 7
!I\r‘hdmgln. 42 L I P S }NW by W, cloudy. Among the loofe ice,
!Noon Thermometer expofed
: . 42 29,60 o . « |SE, foggy. pole
o Egaigh t . - to the Su !
‘Mlt]mghr. 39 Hse i - . |E, cloudy. t6 808 n 30 rofe
Near the ice.
N . ot The riﬁng of the Hy_
' Noon, 37 29,70 | . 37%| 80 30 3 26 E , grometer was occa-
29 E\-‘lldmght. 33% 110 A0 b ET el i e fnow and fleet. ﬁ_oncd by a fire
| lighted in the ca-
! bin,
4 A M. 33 . I « «|. . . |E, hazy and [now.
oA M. | 35y | | daal Ll sW,
Noon, : 29,7 3 - NWwW e
2 54 974 | 73 | 34 | 79 27 4 29 :
"6 P, M. 35 . RS TR 2 WNW, cloudy.
10 P. M. 321 - i UTH] | ] e SW, hazy, Clofe to the ice,
Midnight.| 32% 29,77 | 7 SH e SW by 8, cloudy,
6 A, M. 14 sl L 30E . . . . [SW byS, cloudy. : q '
_INoon. i 20,76 33 | 80 16 3 SW, 1 . y 'Ihermoun_e:cr placed
2215p M. 39_‘_ e - i . s, }Iogg)__ near the frozenropes
Midnight:| <353 |1 e e 14 Tt 7 v fell 1o 3204,
4 AL M, 17 e 360 |. ey BT E'by N, hazy,
" - | Noon, 36 29,74 | 48 | 40 0 24| g 59 E X Hygrometer placed in
316 P. M. 364 R L1 s E, rain. Bitracle. ‘
Midnight.| 342 s L S 5 . | E, cloudy. |
_ | Noon. 34 2./4:1.—I- _E_ 41 E, - : 1. _-_ el
24 Midnight. :A o i | 44 [ ENE, }c:011d). Near the floating ice. |
Noon, 3}}:-;- 20,04 | 39 C e R O NW b)‘ N, hﬂ.Z}.
25|, P. M. | 38 . 41 |. . .|. . . |N,cloudy.
.'\-'.’_idnigh(. 395 393 - - 7 A Light airs and foggy.
Noon 2( 20,90 g j2z| Bo 1~ NNW, f
6 ' ’) 99 g | 24z 15113 22 » 10ggY.
oo Midnight. :() . o AT i1 . . |SSE. cloudy.
LA M, 3G o Uk B Rodils) Eimesse il Blclondy,
- | Noon. 18 30,17 . 80 48j14 42 ENE, ;...
“718 P, M. fg iy 32 e 4 E, }h*“y-
Midnight. : 3,30 . of s s | E by N, cloudy.
§ AL M. 36 262137, 5, Hazy.
8 A, M. 37 . : Z7ale 3 el 5 Foggy. 6 A. M. Thermometer
28 Noon, 37 30,35 | 62 33 | 8o 36/15 30 E by N, fogoy. expo('t:_d to the Sun
4 P. M. 35% ! A o (- 2 AR B 15’ rofe go%,
6 P. M. 36 2T A SE, hazy. Among the ice.
;\,-'“{l.r.:gh'l‘. 40 S ST (e o & al s .
20| Nooa. 42 30,43 | - .| 33 | 80 2518 18 LLSE, clear.
7| Midnight.| 42 R R Oy, SSE, fair,
= Noon. 48 30.43 To'g 27 d0,31] % NE by N, _rlcar.
27| Midnight.| 44 s | et A (S A jo i [ Calm and fair,
. |Noon. %8 3043 {02 | da7]. o . Light airs at E, fair,
> | Mlidnight. | 48 3045 | . [l el 5 Calm and fair,
SOSNNIGS | TR v 3043 | 73 | 30%] 8o 37 Light airs at E, hazy.
Auguft 1 Midnight. +. 39:45 | - : LY RN NNW, foggy.
—_|Noon. 44 soBd= 2 Ao NW, } =
“| Midnight. 45 39.33 sl e NNW, f—oggu G
Moon. 47 30,17 ?;_ 30 P }L,igh: airs and fair
J16 P, M. ch 30,13 | - O [ f __ienther. [
y[Noon., [ 46 20 8¢ SE bl i ENE, foggy. .
~ I Midnight. _5_8 salid, e W, foggy. |
o| 8.A. M. 12 .o S f
8l M. ;()-;- 5 SNy }La!m and foggy. il
4 AL M. 35 et i SE, foggy.
9|{Noon. 34 30,02 | 47 \{n.rlable and foggy.
Midnight, 32 | o [ G e }_I" cloudy. e
Noon. 33 29,87 | ‘53 | 27 ' ?_d!\‘ig‘.,clcudy and fnow.
1018 P. M. 39 ey | ENE, }clmldy
|Midnight.| 33 B L L NE, :
11 | Noon. | 33 A%70 L 46 Ju33 s G 4 % ENE, hazy weather. |
|8 P. M. 33 R ) s
12| Noon. 36 2900 45 | 31 |0 Nk, fnow.
i‘-\'{wn_ 37 29,68 | 40 | 32 NE. cloudy, foow
8 P, M. 35 s VR and fleet,
1+ Noun 40 29,65 | 47 | 35 (.'r;jlm, a.nd fair, Ii
§P.M 45 Loty e ¥ At Smeeren- I\'_‘_h”'-"" ;
1< | Noon 39 29,55 | 43 | 34 berg, Latitude | NE, hazy.
518p. M 35 ALt BF . o P oogo 44'. Variable and cloudy.
i6 Noen, = 38 29,97 | 41 34 L:ng'_tudf Dh'l“‘ hazy,
s P, M. 37 Rt <o 9° 50’ 45" E. |E, cloudy.
i Noon 40 2'_},H(\ 54 _jS Nh, hﬂ'f,}"
15| Noon. 46 20,78 | 45 | 37 NE, clear. =
& Noon. 37 29,70 | 35 13 ]‘\‘11‘\]‘\'\". rain.
" | Midnight.| 39 B e tf iy < ol ESE, cloudy.
.| Noon. 40 29,50 | 35 | 35 | 80 12 7 40 E |SW, cloudy.
“18 P. M. 38 S ! IR G - S s POILS <SW, rain,
A. M. 8 | 34 : Finane :
ST i) bl SN 1Y) o - % SE, hazy and rain.
21| Noon. 40 29,06 [ 29 | 34 | 80 5[z 54 [SEbyS,)
M | 36 |- -] Assfe s o 8B foggy.
___| Midnight. 36 P DN [l ’ + .« [SE,
22 NOUIL 37 : A . . :9 241 1 5“ E N‘_’}\hi\?’.}.’.
Midnight.| 362 . « |NNE, rain, 9
z A. M. 325 : : . NNE, rain and fleer.
22| Noon. 37 29,98 | 30 | 3! 77 19 4 58
2 L P. M. 55% P ; 34 & a W l)}’ N, cloudy.
Viidnight.| 35 i rfloes v : I ———
A M. g : . .| 313 e . o [SW, cloudy,
24 {Tmm J; 20.70 | 31 33 | 7559 6 13 Calm and cloudy.
A. M. 363 . T L R (T E, Tha
25 ‘hr}or‘.. 42 29,79 | 31 | 40%| 75 13 4 51 S by [‘:;}L st
Midnight. 14 . -« 35% . . SE, rain aic_J- fleet,
|Noon. | 42 20,71 | 26 | 42 | 73 19 1 46  |SE by S, rainy.
266 P. M. 45 29,71 | 25 | 41 { s = :: h]'t'f-,v-f
A% ] sht 42 209,75 254 - 0 » Cloudy.
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Meteorological Journal,
Day of Time. |Fahren- Baro- |Hy- jMa-| Lati- Longi- | Winds and Weather. Remarks, &c,
the heit's meter. [gro- |no- | tude. | tude,
Month. Thermo- ' me- [ime-
meter, ter. [ter.
_’ o In dec R PR ST R
4 A. M. 413 v ot 47% o sl e . AR byS,
Augult 27 Noon, 45 20,79 | 23 | 42 | 72 40| o 14 E |SSW, hazy,
[Midnight. | 46 o, : . . |BSW
i'*. A. M. 45$ e O ] R [T foggy.
Noon. 46 29,93 | 25 | 42 | 72 19| 1 49 W|W by S, fog and rain,
284 P.M 43 S| gkt . . N ] (4
i 4 423
5 P. M. 415 . .. %N W, hazy.
Midnight.| 42 . : IR 2 gt AT
29| Noon., 40% 30,00 26 | 35 | 71 y| 1 28 SW,.fuir.
|4 A, M. 44 35% W by §
3 18 A, M, 44 Gl e 353 TS, (S S W by S, "
% Noon. 53 30,26 | 33 | 39 | 70 29| 0 18 E |W byS§, cloudy.
8P, M. 48 SN ; 82 A & e LYINW,
+ A. M. 44 ; . i
4 N 7
3:Jn A M, 48 TR 7 1 e M) SR, } WNW, cloudy.
[Noon. 55 30,23 | 3 38 | 69 3] o018 Variable and fair,
{Noon. 50 30,23 | 54 | 35| 69 o] o S,
Seft. 1 ‘9 P. M 464 Loger o 3B L . .+ |[WNW, }C"’”“Y-
jdenn 57 3909 | 323| 49 | 08 14| 0 38 |E, cloudy.
2 6 P, M. 52 - | 443 30 5 : ESE, hazy.
!‘l’ P M. 523 403|393 ESE, foggy:
|1 A. M, 524 25 3uz|. . ESL, fogzy.
4 A. M. §ix . | 23%] 40 v o s o TESESY 0
3 Noon. 65 30,06 | 34%] 59 65 57] o 8 SE, nazy.
18 P. M, £6 32%| 45% oo | SSE, cloudy.,
':\'“rini'__r}‘l. 53 30 4831, . . ESE, clondy,
{6 A, M. 62 . Zd STk el a et ES Esclear,
4|Noon, < 30,00| 37 | 5 64 58| o 12 W{Calm and cloudy.
(4 A. M. 56 Pt 5% . SE, cloudy,
8 A. M. 58 51 3 SE, clear,
5{Noon. 57 29,81 | 30 | 52 | 63 55| o 54 3 b‘:'.al_-{r,]cloudy ri
Midnight. | ¢4 T N L . SE by E, cloudy.
2 A. M. 554+ : -t _5"1_ i 1
o S el stz |3sEbyE, cloudy.
6 Noon. 59 2613 39 GO 02 27 1 12
5 P. M. 56 g 54 E by S, hazy.
.‘tr'!idl:igi:t, s6% i () 5
8A.M. | <38 i o ;
- 3 :) . . )i . o L "
/| Noon. 61 20,02 |_3 5| 64 | 60 1] 2 35 g SE, hazy.
4 A M, 54 2adlige it .. SW, fiall rain,
8|8 A. M. 54% : 33 | 64% . .« (Squally and rain, |
Noon. g6 25,71 | 30 | 66 g9 35| 1 g SW by S, hazv, Freth pales.
9 Noun 5O 25,70 | _41 60%| 59 9| o 37 WSW, hazy, Freth gales.
[he weather was lo
bad, and the fhip|
5 had fo much motion
1 . . that the Barometer
could not be ob
ferved this day,
v 1 [ Noon. 55 29,20 | 4! 59 | 57 25| 1 32 E |SW, hazy. |Frefh. gales.
i Noan. . 5 zu,20 | -39 61 5(') 5 1 55§ l.\'\'\ 5 i\lr;ﬁh', }
At 1t AM, a very hard
13| Noon, 56 29,70 | 30 | 53 | 56 4] 1 3. SSW, rain, gale of wind.
-":ll“l.l!:\_-" weather
9 A M. . 29,79 A ) h IW, d Hard gale
14| Noon. <z 20,80 | 30 | ss 55 40 NW, dtto, ard gales.
1 5| Noon. 57 29,59 | 32 | 53 | 54 33| o 29 WSW., rain. {Very hard gales.
Noon. 57 2090 40 | 53 | 53 13| o 1 W, cluudy. Moderate,
16|9 P. M i 20,~0 . SR 5 .. e g e
10 P. M. f 29.60 - . , | fmlf‘l. aqually.
1 =| Noon. _.;5 2.},50 | 37 54 53 12 0 7 WNW, hazy and rair,
18 Naon. 57 20577 : 44 -1 52 5 1t WIW by 8, cloudy, |
1| Noon. 61 30,08 | 50 | - 52 42 29 W by 5, cloudy.
- |Noon. 61 30400 48 52 3 o 1 oW by W, hazy. Fielh g:th."s.
“Midnighr. | . . 29,00 o = W by S, cloudy, [Moderate,
|10 A M. 61 ST (ST IR | 2 SW by W, cloudy, Freth gales. Y
21 {Noon, 63 20,88 | 44 52 17| o 5 SW by S, moderate.
[loP.M. |. . 29,237] = s S, hazy, Frefh gales,
= SW by S, hard gales .
= Noon. 6o 29,23 | 45 52 28] 1 35 } anniyilllrja]l}'. & Squally.
6 P, M. =g 29,43 =L all |WNW. rain. Strong gales.
_|Noon. 51 29,91 ’ 5 52 2| 0 49 [ W, cloudy. A
3P M. |7, o | 3670 o P, [ ISW by W, ditto. platients;
24 Noon. 57 24,50 2 ﬁ_ - 52 1G] 2 33 SSW, cloudy.
[5 A, M. s P IeR e e i e AGCEREl | AR A Rl [
25|Noon. 61 STV U L R e e [SW by W, % cloudy.
11 P, M. - 29,80 A e b T IWSW,

<
B
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APPENDIX. 131

MISCELL ANEOUS OBSERVATIONS.

OBSERVATIONS for determining the refraction in
high latitudes.

UNE the thirtieth, at midnight, the diftance of

the two oppofite horizons, taken by me with

Ramfden’s fextant, was 179° 54 > the height of the
eye being fixteen feet above the Jevel of the fea.

Auguft the ffteenth, at midnight, by the aftro-
nomical Quadrant, the altitude of the fun’s
upper limb 4° 16' 55" lower limb 3° 46’ ©'

Error of the Quadrant 32 -— — 32

——— e ——

4 16 23 3 45 28
Semidiameter — 15 5T + 15 51

e et e e
App. Alt. Sun’s
center &+ 0% 4% 4 T 19
Co. Declin. 75 56 13 w5 56 13
s et ————
App.Lat. 79 56 45 79 57
TrueLat. 79 44 3

P e P R
Refraltion 12 42
Dr.Bradley’stablestx 1 8
Allow for therm. 11 53
Barometer, 29,0 Thermometer, 37°

M 3 ;'E!]LQ;::'[I-{
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Auguft the twentieth, at midnight, the fun’s me-
ridian altitude by Mr. Harvey, 50 25" 00"

Dip 3 49

g 2 21 11
Semidiameter + E¥5 - 52

Altitude of the Sun’s center Sy g

Co. Declin. 57 31 26
App. Latitude 80 8 29
Refr. by the tables 16 44

True Latitude 5¢ 51 45

Hakluyt’s Head-land SBE
Cloven Cliff . EBS:S
Variation - 19° 30" S.

It may not be improper to mention here that
Baffin, in 1613, made an obfervation of the re-
fraction when the fun was in the horizon, in lati-
tude 78° 46, which alfo agrees exactly with Dr,
Pradley’s tables. It may therefore be prefumed
that the refractions in the higher latitudes follow
the fame law as in thefe,

Specific




Specific Gravity of Ice, tried by Dr. Irving.

A piece of the moft denfe ice he could find, be-
ing immerfed in {now water, thermometer thirty-
four degrees,--fourteen fifteenth parts funk under
the furface of the water.

In brandy juft proof, it barely floated: in
retified fpirits of wine it fell to the bottom at
once, and diffolved immediately.

September the fourth, at two in the afternoon,
we founded” with all the lines, above eight hun-
dred fathom. Some time before the laft line was
out, we perceived a flack, and that it did not run
off near fo quick as before. When ' we got the
lines in again, the firft coil’ came in very eafily,
and twenty fathom of the next, after which it took
a great ftrain to move the lead; a mark was put

on at the place where the weight was perceived,
and the line meafured, by -which the depth was
found to be fix hundred and cighty-three fathoms.
The lead weighed above one hundred and fifty
pounds, and had {unk, as appeared by the line, near
ten feet into the ground, which wasa very fine blue
{oft clay. A bottle fitted properly by Dr. Irving

(none of thofe fent out having given fatisfalion)
was let down, faftened to the line, about two fa-
thom from the lead. A thermometer plunged into

the
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the water from the bottom flood at forty degrees :
in water from the furface at fifty-five degrees;---in
the fhade, the heat of the air was fixty-fix degrees.

Experiments to find the Temperature of the Water
at different Depths, made with Lord Charles Ca-
vendifh’s Thermometer.

Day of the |Depth in [Tempera-. Correftion (T'emperatureotiteat of the
Manth, Fathoms tolture of thefor Com- the Sea at the Air,
which it |Water as preflion andgréatelt Depth|
was funk. |[(hewn by unequal to which it wad
the “Infiru-Expanfion - funk, corrected
|ment. ‘of Spirits, {for Compreflion)
;‘and Expanfion,

° o o o

June 20 | 780 Big 11 - 26 48%
30A. M. | 118 30 I 31 40%
P.M. 1115 33 0 33 . | 443
Auguft 21’ 672 22 10 92 50%

It appears from  the experiment of July 1ft, in
which the inftrument was compared with Fahren-
heéir’s thermometer at different heats, that the ex-
periment cannot be depended on to lefs than two
or three degrees, as the refults drawn frem the
different comparifons would differ by about five
degrees,

Experiments
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Sea water taken up at the back of Yarmouth
Sands, was in the following ratio to diftilled water ;
oz. dwts, grs,
| Sea-water 21 16 13,7) Thermometer,
Diftilled water 21 4 16 E 53rs
which is, as 10192 : 10477,75 ©or, as 15 1,02803.
The quantity of dry falt produced from the above
water, was 13 dwts. 15 grs. ; it appears, therefore,
that fea-water contains more air than diftilled water.

The refults of the experiments made with Lord
Charles Cavendifh’s thermometer, and thofe with
the bottle fitted by Dr. Irving, differ materially as
to the temperature of the fea at great depths; I
fhall give an account, therefore, of the precautions
uled by Dr. Irving to prevent the temperature from
being altered, as well as of the allowance made by
Mr. Cavendifh for compreffien, as they communi-
cated them to me,

R ) —

The following is-the account of the precautions
taken by Dr. Irving to prevent the temperature of
the water being changed in bringing up from the
bottom :

““ The bottle had a coating of wool, three inches
*thick, which was wrapped up in an oiled fkin,
*“ and let into a leather purfe, and the whole inclofed
““in a well-pitched canvafs-bag, firmly tied to the
“ mouth of the bottle, fo that not a drop of water

' “ could
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« could penetrate to its furface. A bit of lead
« fhaped like a cone, with its bafe downwards and
« 4 cord fixed to its fmall end, was put into the
« bottle ; and a picce of valve leather, with half a
« dozen {lips of thin bladder, were ftrung on the
« cord, which, when pulled, effectually corked the
« pottle in the infide.”

The following is Mr. Cavendifh’s account of the
corrections to be made for Lord Charles Cavendifh’s
thermometer.

« The Thermometer ufed in thefe experiments
¢ is fully defcribed in the Philofophical Tranfactions,
« Vol, L.Page 3083 {o that I imagine it is unnecef-
“ fary to mention it here. But fince the publication
« of that volume, the late Mr. Canton difcovered,
“ that fpirits of wine and other fluids are compref-

« fible ; which muft make the thermometer appear
« to have been colder than it really was, and renders

« 4 correction neceffary on that account. There is
« another fmaller correction neceflary, owing to the
« expanfion of fpirits of wine by any given pumber
« of degrees of Fahrenheit’s thermometer being
« greater in the higher degrees than the lower. As
«the method of computing thefe two corrections
« is not explained in that'paper, it may be proper
« juft to mention the rule which was made ufe of

“ in doing it.

« In adijufting the degrees on the {cale of this
4 o
« thermometer, the tube was intirely full of Mer-

cury,
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* cury, or the Mercury ftood at no degrees on the
“ feale, when its real heat was 65° of Fahrenheir,
“Let the bulk of the Mercury contained at that
“ time in the cylinder be called M, and that of the
“fpirits, S5 let the expanfion of fpirits of wine
“by 1° of Fahrenheit, about the heat of 65°,
“be to its whole bulk at that heat, as s to
“1; and let its expanfion by one degree at any
“other heat, as 65°— x, be to its bulk at 657,
“asx 1—wxtor; let the expanfion of Mercury
“ by one degree of heat be to its bulk at 65° asm

“tor; and let S—’?_M_’_"_’ be called G ; let the com-
¥

“ preflion of {pirits of wine by the preffure of 100
“ fathom of fea-water, when the heat of the fpirits is
* nearly the fame as that of the fea at the depth to
“ which the thermometer was let down, be to its
“ bulk at 65°, as.C to 4 3" the compreflion of the
“ Mercury is o fmall that it may be neglected ; let
“ the thermometer be Jet down N hundred fathom,
““and when brought up and put into water of 65"
“ —F degrees of heat let the Mercury in the tube
“fland at E degrees ; conf'equentiy the heat, as
* fhewn by the thermometer, is 65°—F—E : and let
“ the real heat of the fea at the depth to which it
“ was funk be 65 — 4 degrees; then 65° — » =

CN. EdxE4F CNJ«F
“65'~F—Ef SN ‘;(_}4_'_ii T
“In this thermometer S — 1160; M= gy, the

“ expanfion




APPENDiX. 130
e expanﬁon of the fpirits ufed in making it by 1° at
« the heat of 65°, Was found to be _L_ of their
1?5{)
1

« bulk at that heat; that is 5§ = s m=

1750 1500’
« therefore G= 1,013 From M. D Luc’s expe-
¢ riments * it appears, that the expanfion of {pirits
« of wine by 1° at any degree of heat, as 65°
“._— x, is tolts expanfion by 1° at 65°» nearly as
b s Do €014 therefore, d = L "The com-
315 315
« preflibility of thee {pirits nfed for this thermometex
« at the heat of 58% Was found to be exactly the
« {ame as Mr. Canton determines it to be at that
¢ heat; and therefore its compreflibility at all other
« degrees of heat is fuppofed to be the fame as he
¢ makes it. According to his experiments t, the
« gompreflion of (pirits of wine by the preflure of
« ggiinches of Mercury at the heat of 32°, id ¢ft,
« pearly the heat of the feain thefe experiments, 1S

“ £g3 millionth parts of its bulk at that heat ;
» C i
« therefore —5 =1 g and 65— &= 65—F—E
FxPF4F 4> Nxi.oxF4x
e LN it ___,__________._______x_ A e
+N X1, 70 bt

* Modifications de PAtmofphere, vol. I. pag. 252.
h Philofophical Tranfadlions, Vol. LIV. page 261.

OpsERVATIONS




140 APPENDTIx

OsservaTions made by Dr. Irving of the heat of
the fea agitated by a gale of wind, and that of
the atmofphere.

September the twelfth, the thermometer
plunged into a wave of the fea, rofe to 62°; the
heat of the atmolphere 50°.

This experiment was frequently repeated during
the gale, and it gave nearly the fame difference,
At night, when the weather became moderate,
the heat of water 30 fathoms below the furface
was 55°; the furface and the atmofphere were 54°.

September the twenty-fecond, The fea-water
was 60°; the atmofphere, 59": the wind at S W,
a frefh gale,

OsservarioNs for determining the height of 2
Mountain in Latitude 79° 44’ ; by the Barometer,
and Geometrical Meafurement.

Oblfervations taken by the Barometer, by Dr. Irving.

AUGUST the eighteenth, * the day remark-

ably clear ;
At 6h in the morning, the barometer by Inches.
the fea fide ftood at 30,040

The Thermometer 50°
On the fummit of the mountain, about an
hour and three quarters later than the firft

obfervation below, - b 28,266
Thermometer 42°
About an hour later at the fame place: 28,258

Thermometer
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Thermometer 42° inches,
By the fea fide, where the firft obfervation

was made, and about three hours later 30,032
Thermometer 44°

Height of the mountain calculated by M. De Luc

from the firft obfervation - 1585 feet
From the fecond obfervation B 1502
Mean - - - - 1588%feet

Means ufed to afcertain the Height of the Mountain
Geometrically.

A point was fixed upon, in the moft convenient
place the ground would admit of between the fum-
mit of the mountain (a well-defined objet) and the
fea-fide; from hence, in a right line from the
mountain, a ftaff was placed at the fea fide, by a
Theodolite made by Ramf{den, with two telefcopes
and double Vernier divifions. The inftrument was
carefully adjufted ; firft, by levelling the {ftand with
a circular level, and afterwards the whole inftru-
ment by the crofs levels. From hence (A) atright
angles to the ftation at the fea fide (C) and the top of
the mountain (E), a bafe was meafured each way to
(B) and (D) of eight lines of feventeen fathom each;
in all, five hundred and forty-four yards. The
divifions of both the Verniers were carefully exa-
mined, both at fetting off the ftation by the fea fide,
and thofe at the extremities of each bafe, the fixed

telefcope




142 & PP E NI T

telelCope being kept dire@ed to the fummit of the
mountain, and the moveable one directed at right
angles cach way, both divifions of the Vernier co-
inciding exactly. Station ftaves were fixed perpen-
dicular by the vertical hair of the telefcope, The
altitude of the mountain was then taken with the
vertical ‘arch, as a means of deteting any error in
the obfervation, and was found to be 8° 50".  The
diftance not enabling me to take the depreflion of
any particular part of the ftaff by the fea fide under
the land on the other fide accurately, 1 fent a man
to ftand clofe before it, and took the deprefiion
nearly to his eye, which was found to be 1° S
The inftrument was then remeved to the ftation on
the right (B). 'The inftrument being adjufted with
the fame precautions as before, and the fixed tele-
fcope pointing to the center ftation (A); the angle
to the mountain was 84" 58', theangle to the ftation
by the water fide (C) 294 44. The inftrument
was then removed to the {tation by the fea fide (C),
the fame precautions uled in adjufting, and the
fixed telefcope pointing to the center (A) in one
with the mountain, the angle to the ftaff on the
right (B) was 24° 44, lntending to make the tri-
angle B C D ifolceles, and imagining there might
be fome little error from the unevennefs of the
ground, I fet off the theodclite an angle equal to
the laft, having a perfon ready with a ftaff on the
bafe line to fix it where that angle fheuld interfect
on looking through the telefcope ; I found it cut

exactly
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exadly at the faff D 535" 16/, and from thence
concluded the meafure of the bafe to be exaét. 1
then took the altitude of the mountain by the ver-
tical arch 9° 44'. 1 then removed the inflrument
to the ftation (D) to take the third angle ; but from
the badnefs of the ground, I could not place the
inftrument exa&ly over the fpot where the flaff
ftood; from hence I took the third angle of the
triangle ; the fixed telefcope pointing to (A) and
the fame precautions of adjuftment being oblerved,
the angle to C came out 65° 155 lefs by one mi-
nute than it hould have been. 1 then ook from
the fame place the angle o the mountain (E) 275°
1’; more by one minute than the correfponding
angle at the oppofite ftation (B) : but the errors
correCting each other, the whole apgle CDE=
150° 14’ = the whole angle CBE. ect s
By the triangle ABC, A C comes out 1771,4
By the triangle A BE, A E comes out 92650
"Lherefore the diftance C E is 11026,4 feet.
Angle of the mountain’s elevation feen from C7° 44 -
Height of the mountain above C 1498,8 feet :
+ height of € above the water’s edge &
Height of the mountain above the water’s
edge - " s

1503,8 feet.
I prefer this obfervation to the others, becaufe
the three angles of the triangle A B C came

—

ut

r_\
exatly 180 degrees by the obfervation. ‘The dif-

tance A C found by the computation, differed only
four feet from that by the meafure ; but, the ground

being
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being uneven, I did not depend upon the meafure,
but took it merely as a check upon the operation,
to detect an error, in cale of any great difference.
The diftance found by the fimilar triangles

B CEand C D E comes out 11037 feet;
The angle of the mountain’s elevation

feen from A was - 8° 50’3
Hence the height of the mountain above

A was found - 1439,8 feet:
Depreffion of C feen from A was 1° 54;
Hence the height of A above C is 58,7
Heightof the mountain above C 1498,5
+ heightof Cabove water’s edge 53
Height of mountain above the level of

the fea - 1503,5
which differs from that fouud by the fingle angle
three tenths of a foot.

I cannot account for the great difference between
the geometrical meafure and the barometrical one
according to M. De Luc’s calculation, which amounts
to 84,7 feet. I have no reafon to doubt the accu-
racy of Dr. Irving’s obfervations, which were taken
with great care. As to the gecometrical mealure,
the agreement of fo many triangles, each of which
muft have deteCted even the {malleft error, is the
moft fatisfaCtory proof of its correctnefs. Since my
return, I have tried both the theodolite and baro-
meter, to difcover whether there was any fault in
either, and find them upon trial, as I had always
done before, very accurate.

QOBSERVATIONS
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OssErvaTIONs for determining the Acceleration

of the PENDULUM.

Defcription of the Pendulum with which the Ob-
fervations were made, by Mr. Cumming.

" HE apparatus with which the following
i experiments were made, Was prepared for
« the voyage with all the care which the fhortnefs
¢ of the time would admit, and particular atten-
« tion was paid to its fimplicity. The pendulum
« was that which the late Mr. George Graham
« had conftructed, to afcertain the exact diftance
« between the center of motion and center of
« ofcillation of a pendulum to vibrate feconds at
« London. :

« The ball is a fphere of folid brafs, whofe dia-
« meter is three inches and ninety two hundredth
« parts of aninch; and whofe weight is nine pounds
¢ and one quarter.

« The rod is a round fteel wire, one tenth of
« ap inch thick, and is fo firmly fcrewed into the
¢ ball, that it cannot be unfcrewed by hand, nor
% the length of the pendulum altered without the
« gpplication of proper inftruments for that purpole,
« there being no adjufting {crew as in clock-pen-
¢ dulums.

« The axis of the pendulumis of hard-tempered
“ fteel, nearly two inches long, and moves on an-
¢ gular, or knife-pivots, whofe edges arc formed

N “ with
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“ with great care, o as to lie exactly in the fame
“right line; the pivots are formed nearly to an
“ angle of thirty-eight degrees from the edge to
“ the back; the fharpnefs of the edges is taken off,
“and they are carefully rounded, o that the
“lower parts of both (on which  the pendulum
“ moves) form parts of one continued cylinder,
“ whofe diameter is rather lefs than the two hun-
“ dredth partof an inch.

“ Thofe pivots move in angular notches made
“in two pieces of hardened fteel, each a quarter
“of an inch thick; the notches are formed to an
“ angle of one hundred and twenty degrees, with
“ their bottoms fomewhat rounding, and formed
“ fo that the whole length of the pivot has an equal
“ bearing in them; the ends or extremities of the
“ pivots are floped from the edges on which they
“ move, towards the backs, or upper fide; and
“ two plates of hardened fteel are fcrewed againft
“ theangular notches in which the pivots move, fo
* as to confine them always to the fame place in the
“ notches, and prevent fuch irregularities as might
“ otherwife happen if the fhoulders of the pivots
“ fhould chance to touch.

“ Towards one end of the axis is pierced an ob-
“ long fquare hole, from the upper to the under
“ fide, into which the upper end of the pendulum
¢ rod (having its fides fomewhat flattened) is fitted,
¢ without fhake, but in fuch manner that it moves
“freely therein from back to front, round a fteel

' “ pin
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% pin which paffes horizontally through it and the
« axis, that both the pivots may have an equal bear-
% ing, and the pendulum may hang truely perpen-
« dicular, without any tendency to bend its rod, and
“ by that means alter its time of vibration, even
“ though the axis be not accurately adjufted to a
% level pofition : The error which might arife from
« accidental friction on the above fuppofition, of an
¢ inaccurate levelling of the axis, is obviated by
¢ means of the fteel plates againt which the wvery
« central point of the loweft pivot muft in {uch cafe
“ act.

« T the other end of theaxis, is fcrewed a pair
« of pallets, conftructed nearly on Mr. Graham’s
« principle of the dead-beat, but differing from it
« in having a degree of recoil which tends to ren-
« der the longer vibrations of the pendulum as
« quick as the fhorter: but this precaution is the
« lefs neceffary, becanfe the weight which keeps
« the machine in motion is {0 adjufted, as to make
“ the angle of conftant vibrations as nearly as
¢ poflible the fame with the angle of {capement;
¢ that is, to make the vibrations the fhorteit, that
« will admit of the wheel to efcape the pallets: by
« this means, if the oil applied fhould become
¢ glutinous, fo as to diminifh the action of the
“ wheel on the pendulum, or if any other circum-

« ftance fhould happen to fhosten the arc of vi-

¢ bration of the pendulum, the weight which
“ kesps it in motion muft be increafed, till it s
N 3 « found
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“found juft fufficient to keep the machine going ;
*“ by which means there isa certainty that the pen-
“ dulum vibrates fimilar arcs in each experiment,
“evenif the oblerver fhould not attend to that
¢ circumitance.

“ The fwing-wheel is made of tempered fteel,
“and the points of its teeth are left much thicker
“ than they ufually are in clocks, in order to avoid
“accidents; it has thirty teeth, and carries with
“ it a divided circle which fhews feconds.

“ On the axis of the {wing-wheel there is a pi-
“ nion, on which another wheel alts: and in the
“axis of this latt, there is a finall pulley, in the
“ groove of which is applied the line which keeps

p A | .
“ the machine going, by means of a weight and

* counter-weight, in the manner delcribed by
* Huygens in the cighth and eighteenth pages of
“bis Horobgium ofeillatorium : this method is the
“ limpleft of any for keeping the wheels in motion
while the weight is winding up, and is peculi-
arly advantageousin fuch machines as this, which
require frequent winding: the weight applied
to this machine was fix ounces T'roy, which with
“a defcent of thirty-two inches kept it going for
three hours, with a vibration of three degrees.
“ The whole is contained in a ftrong brafs frame,
“fcrewed on the top of a three legged wooden
“ftand, three feet four inches high : the front
“legs extend three feet eight inches in the direc-
¢ tion of the vibration, and the Lack leg extends

$ three

[ 19

‘“
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« three feet four inches from each of the front
¢ legs, at which diftance the three legs are (o
« connected at bottom, by horizontal rods, that
« they cannot poffibly alter their relative pofition ;
« by thefe means the point of fufpenfion of the
« pendalum is rendered much more immoveable
« than could be done in any portable clock having
« a cafe of the ufual dimenfions, without great
« trouble, and anapparatus ill {uited for experiments
¢ of this nature.

« In the middle of the horizontal bar that con-
& nects the front legs is fixed a piece of filvered-
« glafs, by means of which the whole machine is
« readily adjufted to its proper pofition: the lower
« part of the pendulum-ball hangs direétly over

« this mirror, on which is drawna line from back
« to front; and when the image of 2 {mall pin,
¢ which is fcrewed into the lower part of the pen-
« dulum, is feen bifeGted by this line viewed di-
« reétly in front, the pofition of the machine is
« properly adjufted.

« On the back leg of the ftand, immediately be-

« hind the pendulum, is a hook to hang a ther-
¢ mometer on, for making frequent obfervations
« of the temperature of the air. In order to pre-
« pare for an experiment, the pendulum is made
« to vibrate till 60 on the fecond-circle comes to the
« index, and is then to be held at the extremity
N 3 [{ of
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“ of its vibration by a trigger ; on prefling which
“ with the finger, the pendulum is difengaged in
*“an inftant: hence the vibrations muft be of equal
“ extent in every experiment,

“ The wooden ftand which {upports the pen-
“dulum is fo conftructed, that it forms an oblong
“ fquare box, in which the pendulum, with every
“ partof its apparatus, is with great facility and
* expedition packed; fo fecurely that no part can
“ receive damage; and the whole is o portable,
“ that it may with eafe be carried ona man’s
“ fhoulder to any acceflible place,

“ This pendulum immediately before the voyage
“ was compared with a well-regulated eight-day
“clock, and in twelve hours its beat did not dif-
“ fer fenfibly from that of the clock ; Fahrenheit’s
“ thermometer being then at 60°.”

July the fixteenth the Pendulum and the Equa-
torial Inftrument were landed on a fiall rocky
ifland in latitude 59° 50’ N; and the pendulum
being carefully fer up in a fmall tent erected for
that purpofe, and its pofition truly adjufted, a
thermometer was fufpended on the hook behind the
pendulum rod ; and the pendulum being repeat-
edly put in motion, it was found to ftop, tll a
mufket bullet and a half was added to the weight,
which was found fufficient to keep it in motion ;

when
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when it was thus found to continue its vibration,
it was locked by the trigger at 60’'. The equa-
torial inftrument was fet up on a bafis of folid rack,
and being in this cafe to be ufed only as a tranfit
inftrument, no attempt Was made to adjuft it €i-
ther to the latitude or meridian of the place; but
the azimuth and equatorial circles being truely le-
velled, the telefcope was directed towards the fun,
and fo elevated that it fhould pafs as near as poffi-
ble through the middle of the field. The inftru-
ment being thus prepared, the Weft limb of the
{un was obferved to touch the Eaft fide of the ver-
tical wire in the telefcope at sh 19’ 28" in the af-
ternoon, by the watch; and at the fame inftant
the pendulum was unlocked, and kept vibrating
till after the fun had completed its revolution, and
its Weft limb was again feen to touch the fame f{ide
of the vertical wire.

From the vertical pofition of the wire and the
time of the day, the fun’s motion had a degree of
obliquity with refpect to the wire, which muft occa-
fion its diameter to take a longer time in pafling
than if it croffed the wire at right angles: this po-
fition of the wire, together with the change of the
fun’s declination, prolong the time of the fun’s com-

ing again to the wire; fo that there was an inter-

val of twenty-four hours, forty-nine feconds and 2
half, from the time that the fun’s limb touched the

wire on the fixteenth day of July, to the time
N 4 of
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of its return to the fame wire on the feventeenth
day *,

During the time of this revolution of the fun,
an account was kept of the thermometer, and fe-
veral comparifons made of the rate of the going of
the pendulum with my fecond-watch: in making
which, T always took the time by the watch, when
the pendulum thewed 60" : thefe comparifons were
chiefly intended to prevent a miftake of a whole
minute in eftimating the acceleration of the pen-
dulum, which only fhewed feconds, having no
index for minutes: and as a candid inveftigation

: of

Z
* July the fixteenth P, M. at st 19 28/

by the watch : the angle S between the ver-

tical circle of declination was 10° 49: the

fun’s altitude 20° ; its declination 21° 8' :

the change in the fun’s declination in 24%,

was 10’ 11” ;: hence the time of the fun's

coming to the fame vertical hair of a telef-

cope, will be retarded 44”1 : for (by Cotes, §

Zflimatio Errorum, Theor, 35.)

As fine Z P or cofine latitude, Com. Ar. 0,75322
Is to tang. S. 10° 49/ ; —_ - 9,28117
So is the change in declin. 10/ 11" fine, 7,47161

To 11/ 1/ the change in the hor. angle fine, 7,50600
Which turned into time, gives - 44"1

The change in the equation of time is 5,4
——

Therefore the interval between the two}

; 24* o 49,
tranfits is 4 49:5

It was obferved —_— Sy i 24 (2) 4.5

The difference is the gain of the pendulum (1) 13
To
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of a matter that had fo much engaged the at-
tention of the beft philofophers and mathemati-
cians was the only obje¢t of my wifh, 1 judged it
beft, in the firft place, to give the obfervations
juft as they were made, regularly numbered, that
they may be readily referred to from the following
tables, in which the order of the original obferva-
tions is varied, according to the periods of time
between each pair of obfervations. By thus giving
the foundations on which the conclufions depend,
all perfons, who chufe it, may trace and examine
every ftep towards the conclufion, and by that
means be enabled to detect any error that may have
crept into the operation ; or draw fuch further
conclufions as their ingenuity may fuggeft, and
the materials here given may warrant.

To find the time of the fun’s diameter pafling a vertical hair.
(Cotes, Aflim. Error. Theor. 21.)
Confine declination  Comp. Ar.0,03024

As the produé of {

Confine S. — Cnmp‘ Ar. 0.00775
Is to the produét of Radius and Cof. Altitude; 19,97295
So is the fun's diameter in time 1356, 2,13226

—

To the time fought cemy 13011201001 == 2,14326
el

It was obferved Lo il

S
Difference 1,9

—

Although the obfervation of the fun’s diameter pafling the
wire has no immediate conne@ion with our conclufion ; yet the
agreement between the calculated and the obferved time of its
pafling, ferves to thow that the proper allowance was made for
the obliquity of the direttion in which it paffed the wire.

Day
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Lay of thejNv[LI'ime by the Time by the|Thermo-Remarks, |
Month. , Watch. | Pendulum, | meter. ‘ }

[1 & i " |

Tuly 16 Equatorial
P.M. 2 ded Al | fixed.
6 30 00

00 00
o0 00
30 00
0o 0o
30 Oo
00 0o
0o 00
30 0o
2 00 OO
30
39 14
00 00
55 9
00 00
00 00
00 00
00 00
00 00
2 23
00 20
00 00
30 0o
30 00
00 0o
46

-

I
2
5
6
7
8
9
I
2
1
3
4
4

5 19 24]

—
LY

thz Sun’s

W. limb.
i Tranfit of
{: the Sun’s
} E. limb.
51

{ Tranfit of

It
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It has already been faid that the watch was ufled
only to prevent an error of whole minutes, in efti-
mating the time gained by the pendulum in twen-
ty-four hours; the exact period of twenty-four
hours being determined by the revolution of the
fun.

In order to obtain the acceleration of the pen-
dulum, the original obfervations are transferred
from the foregoing table, to that which follows,
for the convenience of arranging them according to
the length of the intervals, beginning with thole
of the fhorteft duration: fo that the conclufion
from each period becomes a check upon thofe that
follow.

In this table the firft column refers to the original
obfervations, from which a conclufion is here to be
drawn; thus, in the firft line, we find 27—30,
by which is meant that a conclufion is to be drawn
in this line from obfervations 27 and 30, thatis,
from the acceleration of the pendulum from four
hours, forty-fix minutes, ten feconds and a half,
to five hours, twenty-four minutes nine feconds in
the afternoon, July 17.

The fecond column exprefles the interval of time

by the watch, between each pair of obfervations
referred to in the firft. ;

The third column thews how much the pendulum
gained on the watch, in each period exprefled in
the fecond.

The fourth column (hews the mean height of the
Thermometer for each period. 7 be
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The fifth column exprefles the difference between
this mean height, and 60°, the height of the ther-
mometeratLondonwhen the pendulum was adjufted.

The fixth column fhews the contradtion of -the
pendulum rod by the degree of cold exprefled in
the fifth column, according to Mr. Smeaton’s ex-
periments, publithed in N° »g of the Philofophical
Tranfactions for the year 1754.

The feventh column fhews how much this contrac-
tion would make the pendulum gain during each
period of the fecond column,

The eighth column thews how much the pendu-
lum would have gained on the watch in each pe-
riod, if the thermometer had remained at 65°, and
therefore no contraction of the pendulum-rod had
taken place.

The minth column (hews how much the watch
ought to have loft in each period, allowing it to
have loft uniformly at the rate of four feconds in
twenty-four hours, as was obferved by the tranfit.

The tenth column fhews how much the pendulum

would have gained on the watch, in each period ;
allowing for its lofing at the rate of four feconds in

twenty-four hours, and fuppofing the thermome-
ter to have remained conftantly at 60°.

Tle eleventh coluinn fhews how much the pendulum
would gain per hour accerding to the rate of accele-

ration given in the tenth column for each period.

TABLE
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Obfervations with the Pendulum from the 16th to the 18th of July, 1773, in Latitude 79° 5o' N.'

I

Obfervations
referred to.

2

Dur ation in
Time by the
Waich,

2

‘J 1
Seconds
gained by
the Pendu-
lum on the
Watch,

Mean
Height
of the

| Ther-

mome
ter.

Difference between iContra&ion
the Height of the of the Pendu-

Thermometer at
the Time of Ad-
juﬂn:tnt at Lon-

don, and the Time

of Chiervation,

6

lum Reod by
the Cold, in
Parts of an
Inch.

Time gained
on the Watch
by the Con
traéion of the
Pendulum rod

8

Time gained
by the Pen-
dulum on the
Watch cor-
efted for the
Thermometer.

e
Time loft by
the Watch,
according to
its Rate of go-
ing, as deter-
mined by the
Tranfir.

10
Time gained by
the Pendulum on
the Mean Time
allowing for the
Thermometer

land Rate of the
lWatch's lofing,

11
Ratio of
Accelera-

tion per
Hour.

o~y Otk 0O

O WO
L L I O WS, B |

e B o B o B s B )

n
L
M- O

1
o)

i

0,78

1,34
2,82
4,35
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[t appears by the original obfervations that the
pendulum began its vibrations at 60", the inftant
in which the firft limb of the fun was obferved 1o
wouch the fide of the vertical wire in the telefcope
of the Equatorial, that is, at five hours, nineteen
minutes, twenty-eight {econds in the afternoon by
the watch, on the 16th of July; and by every
comparifon of the pendulum with the watch, that
the pendulum was conftantly gaining on the watch,
and in a period of twenty-four hours, four minutes,
forty-one feconds, had gained on the watch feven-
ty-nine feconds; and when the revolution of the
fun was completed, it appeared, that the watch
had loft four fecondsin the exact period of twenty-
four hours; therefore, if four feconds loft by the
watch, be fubtracted from feventy-nine, the time
gained by the pendulum on the watch, it will leave
feventy-five feconds for the time gained by the pen-
dulum on the mean, or true time, no deduction
being here made for the contraction of the pendu-
lum rod by the cold.

The odd fifteen feconds are determined by ob-
ferving, that the pendulum fhowed four feconds
and a half exa@ly when the {un had again return-
ed to the vertical wire; {o that this period is de-
termined wholly by the fun, and totally indepen-

dent of the watch; but as the watch is found by
the fame obfervation to have loft only four {econds,
recourfe is had to the intermediate comparifons of

it with the pendulum, which clearly fhow that the

i_'rc';'id L I.Il um
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pendulum had gained one whols minute, together
with the fifteen feconds determined by the pendu-
lum and the revolution of the fun: and although
it appears by the eleventh column of the foregoing
table that the watch did not lofe uniformly at the
rate of four feconds in twenty-four hours, yet its
mean rate leaves as little doubt with regard to the
whole minute gained by the pendulum, as if its go-
ing had been perfectly uniform during the whole
time. For, if from the fum of all the periods in
the fecond column, and of a] the accelerations in
the tenth, a mean rate be taken, it makes the ac-
celeration of the pendulum on the watch to be 80"

79 in twenty-four hours, which differs from the
acceleration obferved by the revolution of the fun

only 5", #5; and from the rate of going of the
watch, determined by the revolution of the {un,
only 1”,79: hence there can be no poflible room
to fuppofe an error of a whole minute,

Although the period of twenty-four hours, and
the rate of going of the watch for that time, are
very accurately determined by the revolution of
the fun; it may not be improper here to take no-
tice, that from a mean of fix altitudes of the fun,
taken by a very good aftronomical quadrant of eigh-
teen inches radius, the watch was computed to
have loft 5"%, in twenty four hours, which differs
from the rate given by the revolution of the fun
only 1"%; this may ferve to fhew how far the
mean of a great number of obfervations by the

fame
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zme obferver and inftrument may be relied on,
when there is no other obfervation to check or
corroborate.

It may alfo be proper here to mention, that the
time by the watch was not obferved at the inftant
that the fun had returned to the vertical wire, and
at which the pendulum was obferved to fhow 4%
feconds, my attention being wholly engaged in
obferving the pendulum. The watch was found
to have loft 77" ¢ by the pendulum, in twenty-
three hours, twenty-fix minutes, forty-two f{econds
and a half. An allowance according to this rate for
34’ 4" (the fupplement of the laft obfervation by
the watch to the time of the fun’s paffage when
the pendulum fhewed 4" %) amounts to 1'%

From whence it follows, that the Weft limb of
the fun touched the Eaft fide of the vertical hair at
five hours, twenty minutes, thirteen feconds and
a half, by the watch; which had therefore loft
four {econds in twenty-four hours.

As the comparifon of the watch and the pendu-
lum in this one inftance is not from actual obferva-
tion, at the inflant, but fuppofes that the watch
had kept for thirty-four minutes to the fame rate
of lofing at which it had been obferved to lofe
for nearly twenty-four hours immediately preced-

ing ; the time by the watch thus found is inferted
in the table of obfervations within hooks to dif-

tinguifh it, that every perfon may have an oppor-
tuuity




tunity of judging how far it ought to be admitted.
Upon the whole it appears, that by the revolation
of the fun, corrected for the oblique diretion in
which it paffed the vertical wire in the telefcope,
the change of declination and the equation from the
time of its Weft limb touching the wire on the
16th, to the time of its touching the fame wire on
the 17th of July, that the pendulum gained feven-
ty-five feconds in twenty-four hours. But as the
mean height of the thermometer for the time of
this experiment was ¢°2 lower than 60°, the height
at which it was at London when the pendulum
was compared with the clock, the pendulum
ought on this account, according to Mr. Smeaton’s
experiments, to have been contracted o535 of an
inch, and to have gained on that account 2,72 ;
fo that the acceleration of the pendulum arifing
only from the difference between the latitude of
London and 7¢° 50’ N, is 72",28.

The pendulum was continued in motion, and
the comparifons between it and the watch made as
before, with intention to take a fecond revolution

of the fun: but at eleven o’clock next morning,
the wind being fair, and the weather cloudy fo as
to afford no profpect of feeing the fun in the after-
noon, the inftruments were taken on board, and
the fhips failed immediately,

Auguft
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Auguft the fourteenth, we landed the Pendu-
lum, Equatorial Inftrument, and aftronomical
Quadrant on Smeerenberg Point, latitude 79° 44
N ; and fet up the pendulum in every refpect as
formerly defcribed. The equatorial and quadrant
were allo fet up, and prepared for obfervation.
The pendulum was fet a going when it was ex- '
aitly 6" o' o P. M. by my watch, from which
time it was frequently compared with the watch,
till s» 5o’ A. M. the 15th; when the pendulum
ftopped. It was again fet a going with the addi-
tional weight which had formerly been ufed, when
the watch was exaély 6" 0o’ 0o, and continued
going from that time till after five in the morning
of the r8th, in which time the thermometer was
obferved, and the watch and pendulum compared,
as in the following table : many altitudes of the fun
were taken with the quadrant, on the 15th A. M.
but without any further opportunity till the 18th
A.M. when they were repeated to afcertain the rate
of the watch’s lofing,




.

=

TR R
= ool N

164 AP SR GEYN O I 93
Lay ot the |N°®| Time by the jTime by, Ther-| Remarks,
Month., Watch, Penduliun| mom.
11 ) " i o T
AUPg.. ;\g:th,} 160000 | 60 | 44
2117 29 53; 60 43
3|12 13 30% 60 40
15th A, M4 | 5 00 09 60 | 36 |The Pendu
5|6 oo 0o 60 35 lum fet ago-
-6 g with the
P.M.[6]2 09 22: | 60 {-’ «dditional
36 Weight,
718 59 49 6o 37
16th, A. M8 | 2 0o co ;2
9| 3 00 00 37
10| 4 00 0O 36
11} 5 0o oo 3%
12{ 6 00 OO 363
13] 7 ©C Co 37
14{ 8 0o oo 37
15| 9 cO oo 37
16{i0 00 0O 37
17jt1 OO 0O 37
Noon 18ji2 0o oo 37
P. M, 19] 1 00 0O . 37
20l 2 O1 39% | 60 3
21Y 3 O1 34% bo 3y
Day
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The following table is conftructed in every re-
fpect the fame as that defcribed page 155, and
differs from it only in having an additional column,
in which is given the rate of acceleration of the
Pendulum in twenty-four hours, according to the
time by the watch, corre€ted by a mean of fixteen
altitudes of the fun taken on the 15th, and a mean
of thirty-nine altitudes on the 18th of Auguft, from
which the watch appears to have loft, during the
interval of the three days, at the rate of 23,7
per day. The rate of acceleration of the pendulum
in twenty-four hours being thus determined, agree-
able to the acceleration obferved in each of the laft
eight periods, being thofe of the longeft duration ;
and thefe obfervations being already corrected for
the thermometer ; 2 mean is taken from the whole
as the true rate of acceleration of the pendulum on
mean time in twenty-four hours.

TABLE
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From the refult of this table, the time gained by
the pendulum in twenty-four hours of mean time,
after deducting the acceleration on account of the
contraction of its rod by the cold, is feve nty-three
feconds, and fix hundredths of a fecond ; which is
one fecond, and two hundredths of a fecond more
than by the refult of the obfervations of the 16th
and 17th of July. But although the rate of going
of the watch from the 15th to the 1 §th days of
Auguft, was afcertained by a mean of fifty-five al-
titudes of the fun, 1 am inclined to give the pre-
ference to the obfervations of July, where the exact
period of twenty-four hours was determined by 2
revolution of the fun, obferved with a telefcope
whofe magnifying power was fixty. And notwith-
ftanding that the height of the thermometer during
the time of obfervation in Auguft was remarkably
uniform, and that the watch was found by the
comparifons with the pendulum to have loft during
the whole time as uniformly as could reafonably be
expeted ; yeta (mall irregularity inits rate of going
near the beginning or end of the obfervation, might
occafion the difference of this refult from the former.

As the time corrected by the mean of fix alu-
tudes of the fun taken on the 16thand 17th July,
differed only one fecond and a half from that ob-
ferved by the revolution of the fun, there is reafon
to believe that the period of threedays, determined

O4 by
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by a mean of fifty-five altitudes, takenon the 15th
and 18th of Auguft, might be relied on to one
fecond at moft: and that, although the conclufion
fiom the obfervations of Auguft are not fo decifive,
on account of its depending in fome fmall degree on
the regularity of the watch, it ftrongly corroborates
the conclufion from the obfervations in July, as it
proves that the acceleration of the pendulum pro-
ceeded from an uniform caufe, which produced
equal effefts in each cafe. This is yet further
proved, by comparing the pendulum when it re-
turned to London with the fame clock with which it
had been compared before the voyage, the ther-
_mometer being at this time alfo at 60°, and the ad-
ditional weight of a mufket bullet and a half being
applied to the weight which kept it going ; the
pendulum and the clock were found to agree fo
well, that no fenfible difference could be diftin-
guithed in their beats for the fpace of twelve houss.

From all which circumftances it may fairly be
concluded, thata pendulum which vibrates feconds
at London, will gain from feventy-two to feventy-
three feconds in twenty-four hours, in latitude 79°
50"; allowing the temperature of the air to be the
fame at both places.

Thefe obfervations give a figure of the earth
nearer to Sir Ifaac Newton’s eomputation than any
others which have hitherto been made,

According
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According to Sir lfaac Newton the

Pendulum gains in latitude n9°
! 50, = 3 66",9;
In which cafe the equatorial dia-

meter would be to the polar as 23010229
According to Mr. Bradley’s com-

putation, from I Mr. Campbell’s

obfervations, = 76,65
Equatorial diameter to the polar as 201 t0 200
According to Maupertuis, 86,53
]:.quatonal diameter to the polar as 178t0179:

b,

Equatorial dnmetcr to the polar { 212,9 10 211,9
as - = 210,7 10 2009,7 -

“The mean of which is very nearly as  2r12to 211,

According to my obfervations,

NATURAL




D) APPENDIX

NATURAL HISTORY,.

THO UGH the fhortnefs of my ftay at Spit(-
bergen, and the multiplicity of occupations,
in which I was neceffarily employed, during the
greateft part of that time, rendered it impoflible
for me to make many obfervations on its natural
productions ; yet as there are among thofe few fome
which have not before been made public, I am in
hopes that this article will not be found wholly un-
profitable. The following catalogue, imperfect as
itis, may ferve to give a general idea of the fparing
productions of that inhofpitable climate,

As modern naturalifts have formed the technical
terms of the {Cience out of the Latin, it becomes
neceflary to make fome ufe of that language, in or-
der torender the deferiptions of fuch things as are
new, intelligible to thofe for whofe ufe they are in-
tended ; 1 fhall always, however, annex Englith
names to the f{cientifick ones, when fuch are to be
found.

MAMMALIA.
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M AMMAULTIA

TRricHECHUS Rofmarus, Linn. Syf. Nat. 49. 1.
Artick Walrus. Pean. Syn. Quadr.
Paa3s

This animal, which is called by the Ruffians
Morfe, from thence by our feamen corruptly Sea
Hotfe, and in the Gulph of St. Lawrence Sea Cow,
is found every where about the coaft of Spitfbergen,
and generally where-ever there is ice, thoughat a
diftance from the land. It is a gregarious animal,
not inclined to attack, but dangerous if attacked,
as the whole herd join their forces to revenge any

injury received by an individual,
Puoca Vitulina. Linn. Syf. Nat. 56 3.
Common Seal. Pinn. Syn. Quadr. p. 339.

Found on the coaft of Spitfbergen.

Cants Lagopus. Linn. Syff. Nat. 95. 63.
Arctick Fox. Penn. Syn. Quadr. p. 155.
Found on the main land of Spittbergen and iflands
adjacent, though not in any abundance. It differs
from our Fox, belides its colour, in having its ears
much more rounded. It fmells very litile, We
ate of the fleth of one, and found it good meat.

Ursus




y54 APPENDIX

Ursus Maritimus. Linn. Syf. Nat. %o. 1.
Polar Bear, Penn. Syn. Quadr. p. 192. T,
20.F. .

Found in great numbers on the main land of Spitf-
bergen; as alfo on the iflands and ice fields adja-
cent.  We Killed feveral with our mufquets, and
the feamen ate of their flefh, though exceeding
coarfe. This animal is much larger than the black
bear ; the dimenfions of one were as follows :

Feet. Inches,

Length from the fhout to the tail, I
Length from the fnout to the fhoulder-bone,
Height at the fhoulder, - -
Circumference near the fore legs, -
Circumference of the neck clofe to the ear,
Breadth of the fore paw, -
Weight of the carcafs without head, fkin

or entrails, - - - 610 Ib,

Cervus Zarandus. Linn. Syff. Nat. g3. 4.
Rein Deer.  Penn. Syn. Quadr. p. 46.T. 8.
F. 1,
Found every where on Spitfbergen,
We ate the flefh of one which we killed, and
found it excellent venifon.

BavaeNa Myfticetus. Linn. Syf. Nat.  {of 4§ &
Common Whale. Penn. Brit. Zodl. p. 8.
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This fpecies, which is fought after by the fifher-

men in preference to all other whales, 1s found

generally near the ice. We faw but few of them
during our ftay.

BaLAENA Phyfalas. Linn. Syft. Nat. 106. 2.
Fin Fith. Penn. Brit. Zool. p. 41.
Found in the ocean near Spitfbergen,

Axas mollifima. Linn. Syft. Nat. 198. 15.
Eider Duck. Penn. Brit. Zool, p. 454.
Found on the coaft of Spitfbergen.

Avrca arédica. Linn. Syft. Nat. 211. 4.
The Puffin. Penn. Brit. Zool. p. 405.
Found on the coaft of Spitfbergen.

Avca Alle. Linn. Syf. Nat. 211. 5.
Found on the coaft of Spitfbergen in great abun-
dance.
ProcELLARIA glacialis. Linn. Syf. Nat. 213. 3.
The Fulmiar. Penn. Brit. Zool. p. 431.
Found on the coaft of Spitfbergen,

Corymsus Grylle. Linn. Syff. Nat. 220. 1.

Found on the coaft of bi-u‘.o;lgm.

CoLYMBUS
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Covymsus Zrole. Linn. Syp. Nat. 220, ».
Found on the coaft of Spitfbergen.

Covymsus glacialis. Linn. Syf. Nat. 221, b
The great Northern Diver. P, Brir.
Zool. p. 413.
Found on the coaft of Spitfbergen.

Larus Riffa. Linn. Syf. Nat. 224. I.
Found on the coaft of Spitfbergen.

Larvs Parafiticus. Linn. Syf. Nat. 226. 10,
The Arctick Gull. Penn. Brir. Z ool p-- 420.

Found on the coatt of Spitfbergen.

Larvs Eburneus, niveus, immaculatus, pedibus

plumbeo. cinereis,
Found on the coaft of Spitfbergen.

This beautiful bird is not defcribed by Linnaus,
nor, I believe, by any other author ; it is nearly
rclated indeed to the Rathfher, defcribed by Marten
in his voyage to Sjitfbergen, (See page 47 of the
Englifh tranflation) but, unlefs that author is much
miftaken in his defcription, differs effentially from
it. Its place in the Syfema Nature feems to be
next after the Larus nevius, where the fpecifick
difference given above, which will diftinguifh it
from all the fpecies defcribed by Linnzus, may be
nferted.

DescrirTiON,




DESCRIPTION,

Tota avis (quoad pennas) nivea, immaculata.
Roftrum plumbeum.
Orbite oculorum croce®.
Pedes cinereo—plumbci. Ungues nigri.
Digitus Pofticus articulatus, unguiculatus.
Ale cauda longiores.
Cauda ®qualis, pedibus longior.
Longitudo totius avis, abapice roftri ad
finem caud, - - Uncias 16
Longitudo inter apices alarum expanfarum, 3
— ——— Roftri, - - - 2

SrerNA Hirundo. Linn. Syft. Nat. 227 2-
The greater Tern. Penn. Brir. Zool. p. 428.
Found on the coaft of Spitfbergen.

Emseriza nrvalis. Lynn. Syfl. Nat. 3o8. 1.
The greater Brambling. Penn. Brit.
Jo0). 321.
Found not only on the land of Spitfbergen, but allo

upon the ice adjacent to it, in large flocks: what
s food can be is difficult to determine ; to all ap-
pearance
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Pearance it is a granivorous bird, and the only one
of that kind found in thefe climates, but how
that one can procure food in a country which pro-
duces fo few vegetables, is not eafy to guefs.

ACBE Pl T A

Cycrorterus Liparss. Lin, SyR. Nat. 414. 3.
Sea Snail. Pean. Brit. Zool, 111, p. 105.

Two only of thefe were taken in a traw] near Seven
Ifland Bay,

|t i b U

Gavus carbonarius. Linn. Syf, Nat. 438. 9.

The Coal Fith, Penn. Brit. Zool. 1l1. P ¥52.
Though we trawled feveral times on the North
fide of Spitfbergen, and the feamen frequently
tried their hooks and lines, yet nothing was taken
except a few individuals of this and the foregoing
fpecies.

IS EGibTE 2A.

CANCER Sr-f?r.—’-."'i{.o!. .[-.!';!H. S',' : AV;?:‘. 1051, 66,
i v J
The Prawn. Merr. Pin. 192, 3
Found
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Found in the ftornach of a feal, caught near the

coaft of Spitfbergen.

CancEs Boreas, macrourus, thorace carinato
aculeato, manibus levibus, pollice fubulato

incurvo.
This fingular {pecies of Crab, which has not

before been defcribed, was found with the former
in the ftomach of a Seal ; its place in the Syfema

Nuture feems to be next after Cancer Norwegicus.

DESCRIPTION.

Thorax ovatus, tricarinatus : Carine laterales
tuberculofz, antice {pina acuta terminate ; Caring
dorfalis {pinis tribus vel quatuor validis armata;
antice producta in roftrum porreftum, acutum,
breve, Thorace quintuplo brevius; prater {pinas
carinarum, anguli laterales thoracis antice in fpinas
terminantur.

Antenne duz, thorace fere triplo breviores, bi-
fide: Ramulus fuperior crafliufculus, filiformis,
obtufus; Jnferior gracilis, fubulatus.

Palpi duo, duplicati ; Ramus Jupertor foliatus,
feu explanatus in laminam ovalem, obtufam, lon-
gitudine antennarum, intus et antice villis ciliatam;
Ramus interior antenniformis, fubulatus, muluiar-
ticulatus, antenais triplo longior.

Paraftat ides
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Paroflatides decem, anteriores parvi; poftremi
magni, pediformes articulo ultimo explanato in
laminam ovali-oblongam.

Pedes decem, duo primores cheliferi, carpis in-
craffatis, reliqui fimplices; pares fecundi et tertii
filiformes, graciles; quarti et quinti crafliufeuli.

Cuuda thorace longior, fexarticulata ; articulis
quinque anterioribus carinatis, carinis fpina antror-
fum vergente armatis; articulus fextus fupra bica-
rinatus, muticus, terminatus fokiolss quinque, arti-
culis caudee longioribus; intermedio lanceolato,
acuto, porrecto, craflo, fupra planiufculo, quadri-
carinato carinis interioribus obfoletis, fubtus con-
cavo ; lateralibus ovali-oblongis, obtufis.

Neufleri decem (nulli fub articulo ultimo) dupli-
cati: Foliolis lanceolatis, ciliatis,

Ol/. Specimina magnitudine variant, alia triun-
cralia, alia feptem uncias longa,

Cancer Ampulla, macrourys, articularis, corpore
ovali, pedibus quatuordecim fimplicibus, la-
miuis femorum poftici paris ovato-fubrotun-
dis.

This fingular animal was alfo taken out of the
ftomach of the fame feal in which the two former
were found. Its place in the Syflema Nature is
next to Cancer Pulex,

Descriprion.
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DESCRIPTION.

Infe€tum ex ovali-oblongum, glabrum, punctu-
Jatum, articulis quatuordecim compofitum, quorum
primus capitis eft, feptem thoracem mentiuntur, et
fex caudam tegunt,

Capitis clypeus antice inter antennas in proceflum
conicum, acutum defcendit,

Antenne quatuor, fubulate, articulatz, fimplices,
corpore decuplo breviores.

Pedes quatuordecim, fimplices, unguiculati ; fe-
mora poftremi paris poftice acuta, lamina dimidiato-
fubrotunda, integra, magna, quatuor lineas longa.

Cauda foliata, foliolo unico brevi bifido: Lacinie
lanceolate, acute.

Neuferi duodecim, duplicati, fubulati, pilis longis
ciliati, pofteriores retrorfum porrecti.

Ob/. Specimina magpitudine variant, uncialia et
biuncialia erant.

CANCER nugax, macrourus, articularis, pedibus
quatuordecim fimplicibus, laminis femorum
fex pofteriorum dilatatis {ubrotundo-cordatis.

This animal, which has not before been de-
feribed, fhould be inferted in the Syfema Nawre

near Cancer Pulex ; it was taken in the trawl near
Mofien Ifland.

DiscripTICN,
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DeEscriPTION,

Infetum oblongum, compreffum, dorfo rotun-
datum, glabrum, fefquiunciale, articulis quatuor-
decim compofitum, quorum primus capitis eft,
feptem thoracem mentiunter, et fex caudam effi-
ciunt.

Capitis Clypeus finu obtufo antice pro antennis
emarginatus.

Antenne quatuor, fubulate, multiarticulatz ;
Juperiores corpore fextuplo breviores, bifide: arti-
culo bafeos communi, magno; Ramulus interior
exteriori duplo brevior.

Znferiores fimplices, fuperioribus duplo longiores.

Pedes quatuordecim, fimplices, unguiculati, un-
guibus parum incurvis, Femora fex pofteriora po-
ftice au@a,

Lamina foliacea, fubrotundo-cordata, dimidiata,
margine integra, magna, (tres lineas longa.)

Cauda apice foliata. Foljolis duobus, oblongis,
obtufis, parvis.

Neufteri duodecim, duplicati, lineari-lanceolati,
pofteriores retrorfum porreéti, ut facile pro appen-
dicibus cauda fumantur.

CANCER Pulex, Linn. Syf. Nat. p. 1055. 81.
Taken up in the trawl along with the former.

VERMES.
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VOURARYNM R S

Stpuncurus Lendix, corpore nudo cylindraceo,
apertura fubterminali.

Found adhering, by its fmall foout, to the in-
{ide of the inteftines of an Eider Duck. Mr, Hun-
ter, who at my requeft diffected it, informed me
that he had feen the fame fpecies of animal adher-
ing to the inteftines of whales.

DeEscrI1IPTION.

Corpus croceum, fubcylindraceum, tres lineas
longum, craffitic penna pafferine, utraque extre-
mitate parum attenuatum, apice terminatum in
Roftrum anguftum corpore quintuplo brevius, quo
tunicis internis inteftinorum fefe affigit; prope al-
teram extremitatem Apertura fimplex, pro lubitu
extenfibilis.

Ascipia gelatinofa. Liun. Syf. Nat. 1087. 2

Taken up in the trawl, on the North fide of
Spitfbergen.

Ascipra
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Asctpra ruflica. Linn. Syf. Nat. 1087. 5.
Taken up likewife in the trawl, on the North

fide of Spitfbergen,

LERNEA branchialis. Linn, Syk. Nat. 1092. 1.
Found in the gills of the Sea fnail mentioned be-
fore.

CLio lelicing nuda corpore fpirali,
Marten’s Spitfbergen Englifb, p. 141. t. Q_
fig. e. Snail flime fifh,
Found in innumerable quantities throughout the
Arctick feas.

DescrirprrON,

Corpus magnitudine pifi, in fpiram ad inftar he-
licis involutum,
Ale ovatz, obtuf, expanfe, corpore majores.

CL10 limacina nuda, corpore obconico.
The Sea May Fly.  Mursen's Spitfbergen
Englifb, p. 16g. Tab. P, f. 5.

This little animal is found where the laft is, in

cqual abundance, peopling as it were this almoft
unin-
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uninhabited ocean. Marten fays that they are the
chief food of the whale-bone whale; and our fith-
ermen, who call them by the name of whale food,
are of the fame opinion.

Mepusa capillata. Linn. Syft. Nat. 1097. 6.
Sea Blubber. |
Taken up on the paffage home, about the lati-
titude 65°.

AsTERIAS pappofa. Linn. Syft. Nat. 1098. 2.
Taken up on the North fide of Spitfbergen.

Asterias rubens. Linn. SyR. Nat. 1099. 3.
Sea Star.
Alfo taken up in the trawl on the North fide of

Spitfbergen.

AsTER1AS Opbiura. Linn. Syft. Nat. 1100. 11.
We likewife took this up in the trawl, on the
North fide of Spitfbergen.

AsTER1AS pedinata. Linn. Syft. Nat. 1101. 14,

This, as well as all the reft of this genus, was
taken up in’ the trawl on the North fide of Spit-
{bergen.

P CHiToN
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Curron ruber. Linn. Syft. Nat. 1107. .
Coat of Mail Shell. '
Taken in the trawl, on the North fide of Spit-
fbergen.

Leras Tintinnabulum. Linn. Syf. Nat. 1168. 12.
Acorn Shell.

Was picked up on the beach of Smeerenberg
harbour; but asit is much worn and broken, it is
impofiible to be certain, whether it is a native of
thofe feas,; or has been brought there by accident.

Mya truncata. Linn. Syp. Nat. 1112, 26.
Likewife found on the beach in Smeerenberg
harbour.

My rivus rugofus. Linn. Syf. Nat. 1156. 249.
Was found with. the former on the beach at
Smeerenberg.

BucciNum carinatum, tefta oblongo-conica tranf-
verfim ftriata; anfractibus fuperioribus oblique ob-
tufeque multangulis ; inferioribus unicarinatis,

Found on the beach at Smccrenberg harbour,

Tureo




Tureo Pelicinus, tefta umbilicata convexa ob-
tufa : anfrattibus quatuor levibus.

Taken up in the trawl, on the North fide of
Spitfbergen.

SerpuLa Jpirorbis. Syft. Nat. 1265.794-
Found in plenty fticking to the ftones and dead
thells in Smeerenberg harbour.

SerpuLA triguetra. Linn. Syft. Nat. 1265. 795-
Found with the laft adhering to dead (hells.

SasELLA fruffulofa, tefta folitaria libera fimplici
curvata : fragmentis conchaceis fabulofifque.

Taken up in the trawl on the North fide of
Spitfbergen.

DESCRIPTION.

Vagina fpithamea vel longior, craffitie pennz

anferine, undique tecka fragmentis conchaceis fepe

magnitudine unguis, €t fabulis magnitudine {emi-

num cannabis.

MivLLepor A polymorpba. Linn. Syft. Nat.1285. 53
Varietas rubra.
Found thrown up on the beach at Smeerenberg

harbour,
Py CELLEPORA
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CeLLtPORA pumicofa. Linn, SyR. Nat, 1286. 56.
Found on the beach at Smeerenberg,

SyNoICUM turgens.

Taken up in the trawl, on the North fide of
Spitfbergen.,

This animal is quite new to the Natural Hifto-
rians, and fo different from the Zoophytes which
have been hitherto defcribed, that it may be con-
fidered as a diftinét genus, whofe characters are the
following :

Animalia nonnulla, ex apice finguli ftirpis fefe
aperientia,

Stirpes plures, radicate, carnofo-ftupofze, e bafi
communi erectz, cylindracez, apice regulariter
pro animalibus pertufz,

Itfhould be inferted next to the Alcyonium, with
which itin fome particulars agrees, but differs from
it materially in having the openings for the animals
only at the top, and the animals themfelves not
exferted like polypes (Hydra) which is the cafe in
the Alcyonium,

DESCRIPTION.

Stirpes plures, radicata, carnofo-ftupofe, digiti-
formes, cylindraces, fuperne paulo crafiiores, ob-
tule, magnitudine digiti infantis, fubere@te, apice
orificiis nonnullis perforate, inferne dilatatze fue

 explanate
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explanatz in bafin communem lapidibus adhren-

tem.
Orificia fex ad novem, ordine circulari plerum-

que difpofita ; fub fingulo orificio cavitas longitu-
dinalis, forfitan fingulo animali propria, in qua

ymo Faux angufta, brevis.

ado Inteftinum inftar ftomachi dilatatum, oblon-
go-ovatum, inferne foraminibus duobus pertufum ;
inter illa foramina aliud defcendit inteftinum, valde
anguftum, filiforme, arcum brevem formans.

Cavitas, qua per totam ftirpem longitudinaliter
pro fingulo animali deorfum tendit, fuperne ab in-
teftinis vix diftin@a, infra illa autem cylindrum ex-
hibet granulis parvis (forfitan ovulis) repletam.

FrLusTrA pilgfa. Linn. Syft. Nat, 1301. 3.
Found adhering to ftones in Smeerenberg har-

bour.

FrLusTRA membranacea. Linn. Syft. Nat.1301. 5.
Found with the laft mentioned {pecies.

PN NeT A

AcrosTis algida panicula mutica contracta, ca-
lycibus breviffimis ineequalibus.

This
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This fmall grafs, which has not before been
known to botanifts, may be inferted among the
fpecies of Agroftis next to the minima.

Dnscx:p’rzon.

Gramen in czfitibus nafcens,

Radix fibrofa, perennis,

Folia plurima radicalia, pauciffima caulina, gla-
bra, latiufcula, longitudine culmi, patula, bafi di-
latata in vaginas laxas,

Culmi adfcendentes, glabri, fefquiunciales,
Panicula lineari-oblonga, contracta, ftricta, mul-

tiflora, ,
Calycis Glume membranacez, albide, glabre,
mutice, inequales: exzersor minutiflima, ovata,
obtufa; snterior oblonga, acuta, corolla quintuplo
brevior.,

Corolle Glume oblongz, acute, carinate, mu-
tice, glabre, femilineares: exterior paulo longior.

Stamina tria,

Stigmata duo.

Semen unicum, oblongum, utrinque acumina-
tum, a corolla liberum.

TILLZA aguatica. Linn, Spec. Plant. 186. 2.
JuNcus campefiris. Linn, Spec. Plant. 468. 17.

SAXIFRAGA
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SAXIFRAG A oppofitifolia. Linn. Spec. Plant. 575. 18.

SAXIFRAGA cernua. Linn. Spec. Plant. 577. 26.
SAx1FRIGA rivularis. Linn. Spec. Plant. 577. 28.
SAXIFRIGA cfpitofa. Linn. Spec. Plant. 578. 34.

CerasTIUM alpimum. Linn. Spec. Plant. 628. 8.

RaNuNcULUS fulpbureus, calycibus hirfutis, caule
fubifloro, petalis rotundatis, integerrimis, foliis in-
ferioribus fublobatis, fupremis multipartitis.

Ranunculus quartus. Mart. Spiz. Engl. p. 58.
TSN d.

OB/, Primo intuitu Ranunculo glacialt fimillimus,
differt autem, quod Petala rotundata, integerri-
ma, intenfe lutea, fulgida; et Folia minus fubdi-
vifa; fuperiora fiffa, laciniis oblongo-lanceolatis in-
tegerrimis inferiora caulina lata, plana, leviter tri-
loba vel quadriloba.

This new plant fhould be inferted next to Ra-
nunculus glacialts.

CocHLEARIA Danica.-Linn. Spec. Plant. go3. 3

3.
CocHLEARIA Groenlandica. Linn. Spec. Plant.
9%4- 4-
Savix berbacea. Linn. Spec. Plant. 1445. 16.
PoLyTricHUM commune. Linn. Spec. FPlant.
1573 1

BrYUM
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BryuM Hypuoides. Linn. Spec, Plaps. ¢ 584.21.

Befides thefe, there were two other kinds of
Bryum, the fpecies of which could not be deter-
mined, for wantof the fructification ; the ope re-
fembled Bryum trichoides lxte virens, &c. Djll
Mufe. 391, t. 5o, f 61; and the other Bryum

hypnoides pendulum, Dji. Mufe. 394, t. 50, F,
64, C,

Hyexum aduncum. Linn, Spec. Plant. 1592. » 1.

JUNGERMANNIA julacea. Ling, Spec. Plant. 16o1.
20.

Another fpecies of Jungermannia was alfo found,
but without fructification ; it is not much unlike

Lichenaftrum ramofius foliis trifidis. Dill. Myfe.
489, t. 90, f. 135,

LicreN ericetorum. Linn, Spec. Plant. 1608. 12.
LicHEN Jlandicus. Linn, Spec. Plant. 1611. 29.
Licuex nivalis. Linn. Spec. Plant. 1612. 0.
L1cHEN caninus. Linn, Spec. Plant. 1616. 48.
L1cHEN polyrrhizos, Linn. Spec. Plant. 1618. 54,
LicHEN pyxidatus. Linn,. Spec. Plant. 1619. 60.
LiCHEN cormutus. Linn, Spec. Plant. 1620. 64.

LicueNx
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LICHEN rangiferinus. Linn, Spec. Plant. 1620. 66.
LicHEN globiferus. Linn. Mant. 133.

LicHEN pafchalis. Linn. Spec. Plant. 162.1. 69.

LicHEN chalybeiformis. Linn. Spec. Plant 1623.77.

ACCOUNT
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AccouNT of Doctor IrviNG’s Method of obtaining
frefh Water from the Sea by Diftillation.

S the method of rendering falt water frefh, by
A diftillation, introduced by Do&or Irving
into the Royal Navy in the year 1770, and prac-
tied in this voyage, is an object of the higheft
importance to all navigators, and has not hitherto
been generally known, I have added the following
very full account of its principles, apparatus, and

advantages, with which I was favoured by Do¢tor
Irving himfelf,

“PrEVIOUS to an account of this method of

“ rendering fea water frefh by diftillation, it may
““ not be improper to give a fhort detail of the ex-
“ periments which have been formerly made by
“ others on this fubject, pointing out at the fame
“ time the feveral difadvantages attending their pro-
“ cefles, and the general caufes which obftructed
¢ the defired fuccefs,

“ Without entering into an account of the ear-
“ lier experiments, it will be fufficient to take a
“view of fuch as have been profecuted with moft
* attention, for the laft forty years,

“ The firft of thefe was the procefs of Mr. Ap-
“ pleby, publithed by order of the Lords of the
Admiralty,




AP . PSE SNGUD s o 195

« Admiralty, in the Gazette of June 22d, 1%34.
« By the account of that procefs it appears, that
« Mr. Appleby mixed with the fea water to be dif-
¢ tilled, a confiderable quantity of the ZLapis In-
“ fernalis and calcined bones. The highly unpa-
“ latable tafte of the water, however, exclufive of the
“ extreme difficulty, if not impofiibility, of reduc-
“ ing the procefs into practice, prevented the fur-
¢ ther profecution of this method.

¢ Another procefs for procuring frefh water at
“fea, was afterwards publithed by Doctor Butler.
¢ Inftead of the Lapis Infernalis and calcined bones,
“ he propofed the ufe of foap leys; but though the
“ ingredients were fomewhat varied, the water
¢ was liable to the fame objedtions as in the preced-
“ing experiment. Doctor Stephen Hales ufed
¢ powdered chalk; and introduced ventilation, by
“ blowing fhowers of air up through the diftilling
“ water, by means of a double pair of bellows. It
“ was found by this method, that the quantity of
“ frefh water obtained in a given time, was fome-
“ what greater than what had been procured by
“ the procefs of Mr. Appleby. This invention,
“ however, was fubject to feveral difadvantages.
“ The air box which lay on the bottomof the flill,
“ as well as the chalk, much obftructed the attion
“ of the fire upon the water, at the fame time that

“ the boiling heat of the latter was diminifhed by

“ the ventilation: fo that more than double the
¢¢ yfual
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¢ ufual quantity of fuel was neceffary to produce the
“ fame effect. Befides this method by no means
“ improved the tafte of the water,

¢ The next who attempted any improvement
“ was the learned Doétor Lind, of Portfmouth.
“ He diftilled fea water without the addition of
“ any ingredients; butas the experiment he made
“ was performed in a veflel containing only two
‘“ quarts, with a glafs receiver, in his ftudy, no-
¢ thing conclufive can be drawn from it for the ufe
“of fhipping. Indeed experiments of the like
“ kind had been made by the chemifts in their la-
“ boratories, for at leaft a century before.

“In the year 1765, Mr. Hoffman introduced
““ a Still of a new conftruction, witha fecrer ingre-
““ dient; but the large fpace which this machine
“ occupied, being feven feet five inches by five
“ feet eight inches, and, with its apparatus, fix
“ feet feven inches high, made it extremely incon-
“ venient: at the fame time that, on account of
““ 1ts fhallow form, the ufeof it was impracticable
¢ during any confiderable motion of the fhip. The
“ water obtained, likewife, poflefled all the difad-
¢ vantages common to the preceding methods.

¢ About the fame time experiments were made
“ with a ftill of the common conftruétion, and Mr.
“ Dove’s ingrediens, 'This method was attended

¢ with
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“ with o advantage ovér any that had been for-
“ merly ufed; the diftilled' water was moft unpa-
% latable; and the enormous fize of the' apparatus,
“ which’ occupied a fpace of thirteen feet feven
“inches by fix feet one inch, andfix féet five inches
“in height, rendered it impracticable on board
“fhips. An experiment was immediately after-
“ wards made with the fame flill without any in-
gredient; the refult, however, was uniformly a
moft unpalatable tafte of the water.

114

113

““ About this'period, alfo, M. Poifforinier of Paris
introduced’ into the’ French' marine a ftill, three
feet fix'inches long, two feet wide, and eightéen
inches deep. A portion’ of the chimney paffed

¢ through' the upper part of the ftill, much in the

“f{ame manner as' that of Mr. Hoffman: thefe
“gentlemen fuppofed that by this means they
“ fthould fave fuel. The mouth of M. Poiffon-
“nier’s ftill was' thirteen inches ‘wide, on which he
“ placed a‘tin plate, pierced’ like a cullender, with
“ thirty-feven holes of fix lines diameter each; to
““ thefe were fixed tin pipes, of the fame bore and
“feven inches long, terminating within the ftill-
“head. The intention of this contrivance is to
“ prevent any of the water in the ftill from paf-
“fing over into the worm, while thé fhip is in
“ confiderable motion.

Q “ In
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« In every other refpect M. Poiffonnier employs
«a ftill-head, worm-pipe, and worm-tub, with
« gl its ufual apparatus ; and he direéls {ix ounces
“ of foffil alcali to be mixed with the fea water at
« each diftillation, to prevent the acid of the Mag-
« nefia falt from rifing with the vapour, when falt
¢ begins to formon the bottom of the ftill. It is
“ probable that in M. Poiffonnier’s ftill, which was
« even more fhallow in its form than Mr. Hoft-
“ man’s, fome of the water might be thrown up
“ toward the worm; in which cafe the pierced
“ plate with pipes might be of fome fervice in
“ breaking the direction of the water. But by
“ Docor Irving’s tube this inconvenience is entirely
« prevented, as experience fully evinces, viz. in a
“ yoyage to Falkland’s Iflands, where it has been
“ ufed in diftillation every day; in feveral voyages
“ to the Eaft Indies; and in this voyage, asis men-
“ tioned in the Journal.

“ M. Poiffonnier, in corre@ing this error in the
¢ conftruétion of his ftill, has introduced another
“ of the moft capital nature in diftillation. For
“ by means of the pipe-cullender, the vapour will
« meet with the greateft refiftance to its afcent,
< which will retard the progrefs of diftillation ina
¢ yery high degree, and increafe the Empyreuma.

“ From all the experiments abovementioned, it
¢<is evident, that no method had hitherto been
“invented of making fea-water freth, which was
“ not attended with fuch inconveniences as rendered

¢ the
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¢ the feveral procefles of fcarce any utility. The de-
“ feCtsof the various methods above enumerated,
“ may be reduced to thefollowing heads:

¢ 1. The fmall quantity of water produced by
“ the ordinary. methods of diftillation with a ftill-
“ head, and worm, could never be adequate to the
¢ purpofes of fhipping, though the apparatus
“ fhould be kept in conftant ufe; and at the fame
“ time, this mode of diftillation required a quantity
“ of fuel, which would occupy greater {pace than
“ might be fufficient for the ftowage of water.

“ 2, A Sull-burnt tafte, which always accompanies
“ this method of diftillation, and renders the wa-
“ter extremely unpalatable, exciting heat and
“ thirft, if drank when recently diftilled.

“ 5. A total ignorance with refpect to the proper
“ time of ftopping the diftillation, whereby falt was
“ permitted to form on the bottom of the boiler;
“which burning, and corroding the copper, de-
« compofed the felenitic and magnefia fales, cauf-
“ing their acids to afcend with the vapour, and
“ a& on the ftill-head and worm pipe, impregnating
“ the water with metallic falts of the moft pernici-
“ous quality.

« 4. The fpace occupied by the ftill, ftill-bead,
“ and wormetub, renders the ufe of them in moft
¢ cafes totally impracticable on board fhips. Add

“'to this, their wearing out (0 falt on account of the

QL2 ¢ cauies
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“ caufes above mentioned, the great expence of
¢ the apparatus, with the hazard' of the ftill-head
““ being blown off; and the inconveniences thence
“ arifing,

“5. The ufe of ingredients, which though
“ omitted in fome experiments in fmall, were ne-
“ verthelefs erroneoufly, confidered aseffential to the
“ making fea-water {weet and palatable by diftillation.

“ 6. The inconvenience of a cumberfome appa-
‘¢ ratus, calculated only to be eventually ufeful in
“ unexpetted diftrefs for water, but conftantly
“ occupying a great deal of room in a fhip, too
“ neceflary for the ordinary purpofe to be fpared
¢ for that object.

“ Having fpecified the principal defetts of the

“ feveral methods hitherto propofed for making fea
“ water frefh, it will be proper before ftating the
‘¢ advantages of Docor Irving’s method, to con-
“ fider briefly the principles of diftillation in gene-
“ neral, and the chemical analyfis of fea water.

* Water, in an exhaufted receiver, rifes in va-

“ pour more copioufly at 180° of Fahrenheit's
¢ thermometer, than in the open air at 2129,
* which may be confidered as its boiling point.
“ It therefore follows, that any compreflion upon

“ boiling fluid checks the vapour in rifing, and
“ confequently diminifhes the quantity of water
“obtained. This is clearly exemplified in the
¢ fteam-
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fteam-engine, where the confumption of water
in the boiler is very inconfiderable, in compa-
rifon to what would happen if the compreflion
arifing from the throat-pipe and valve of that
machine was taken off, and the preflure of the
atmofphere only admitted. But by the reftraint
of that valve, the vapour becomes hotter, and
increafes in rarity and elafticity ; qualities effen-
tial to the purpofes of the engine, although the
reverfe of thofe which ought to take place in
common diftillation. For the columns of vapour
{hould be removed from the boiling fluid as faft as
they afcend, without fuffering any other refiftance
than that of the atmofphere, which, in the or-
dinary bufinefs of diftillation, cannot be prevented.

“ The impropriety of the common procefs of
diftillation, will appear evident by comparing it
with the above principles and facts.

« In the common method of diftillation, the
whole column of vapour from a ftill of whatever
fize, after afcending to the ftill-head, muft not
only find its paffage through a pipe of fcarce ah
<

inch and half diameter ; but delcend contrary to

“ jts {pecific gravity through air which is fifteen

“ times its weight, in fpiral convolutions: a courfe
“ {o extremely ill adapted to the progrefs of an
“ elaftic vapour, that frequently the ftill-head is

“ blown off with incredible violence, owing to the

Q3 ¢ Increaled
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*“ increafed heat and elafticity of the vapour confined
“ by this conftruction. In the mean time, the ex-
“ ternal furface of the pipe communicates heat to
“ the water in conta&t with it, which, inftead of
“ being entirely carried off, mixes with the fur-
¢ rounding fluid, and heats the whole, rendering
“ it unfit for condenfing the vapour within; efpe-
“cially when it is confidered that the fubftance of
“ the pipe is at leaft a quarter of an inch thick.

“ From what has been faid, it is plain, that the
“ quantity of diftilled water will be lefifened in pro-
% portion to the refiftance made to the afcent of the
“ vapour, while the difficulty of condenfation will
* be greatly augmented, in confequence of the in-
* crealed heat and elafticity of the vapour, But
¢ thefe difadvantages, however great, refpecting
“ the mode of diftillation, give rife to another evil
"¢ of a ftill more important nature, as affeting the
¢ diftilled fluid with a noxious burnt tafte or empy-
¢ reuma ; occafioned by the vapour, highly heated,
¢ pafiing over fo much furface of metal, viz. the
¢ ftill-head, crane-neck, and a pipe of fix or feven
¢ feet in lengsh, before it reaches the water in the
% worm tub.

¢ Having dilcuffed the fubject of diftillation, we
# come now to treat of the chemical analyfis of fea

¥ water.
¢ Sea-water,
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« Sea-water contains chicfly a neutral falt, com-
“ pofed of foffil alcali and marine acid. It likewife
« contains a falt which has magnefia for its bafis,
« and the fame acid. Thefe two falts are blended
“ together in our common falt in England, which
«is prepared by quick boiling down fea water.

« But when the procefs is carried on by the fun, or

“a flow heat, they may be collected feparately ;

« that which has the foffil alcali for its bafis cryftal-

“ lizing firft ; and this is of a vaftly fuperior quality

“ for preferving meat, and for the other culinary

“ purpofes. The mother liquor now remaining,
« being evaporated, affords a vitriolic magnefia falt,

¢ which in England is manufatured in large quan-

“ tities, under the name of Epfom falt.

« Befides thefe falts, which are objes of trade,
« (ea-water contains a felenitic falt, a little true
« Glauber’s falt, often a little nitre, and always a
« quantity of gypfeous earth fufpended by means of
“ fixed air.

« The fpecific gravity of fea-water to that of
‘ pure diftilled water, is at the Nore as 1000 to
“ 1024,6; in the North fea as 1000 to 1028,02.

¢« The quantity of falt obtained by boiling fea-
« water in different latitudes, from 51° 30 to
80°,43 N. L. is inferted in a table in the former part
of this Appendix.

Q 4
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¢ Sea-water, when boiled down to a ftrong brine,
* admits with difficulty the feparation of frefh water
“ from it; the diftillation becoming flower as the
“ ftrength of the brine increafes, o that a greater
“ quantity of fuel is confumed in procuring a {maller
* portion of water, and this likewife of a bad qua-
“lity. From this effential circumftance arifes the
“ neceffity of letting out the brine by the cock of
“ the boiler, when the diftillation is advanced to a
“ certain degree ; and of adding more fea-water to
« continue the procefs if required.

¢ The defe@s of the feveral {chemes formerly
* propofed for rendering fea-water frefh being point-
“ ed out, the general principles of diftillation ex-
“ plained, and the component parts of fea-water
“ analytically examined ; the advantages of the
* method invented by Doctor Irving remain to be
“ ftated, which may be reduced to the following :
“ 1. The abolithing all ftills, ftill heads, worm
“ pipes, and their tubs, which occupy fo much
“ {pace as to render them totally incompatible with
 the neceffary bufinefs of the fhip ; and ufing in
¢ the room of thefe, the fhip’s kettle or boiler, to
“ the top whereof may occafionally be applied a
“ fimple tube, which can be eafily made on board
“ a veffel at fea, of iron plate, ftove funnel, or tin
“ fheet; fo that no fituation can prevent a fhip from
“ being completely fupplied with the means of
“ diftilling fea-water.
%o In
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< 5. In confequence of the principles of diftilla-
tion being fully afcertained, the contrivance of
the fimpleft means of obtaining the greateft quan-
tity of diftilled water, by making the tube fuffi-
ciently large, to reccive the whole column
of vapour ; and placing it nearly in a horizontal
direction to prevent any compreflion of the fluid,

which takes place fo much with the common
worm.

% 2. The adopting the fimpleft and moft effica-
cious means of condenfing vapour ; for nothing

more is required in the diftillation but keeping the
{urface of the tube always wet; which is done
by having fome fea-water at hand, and a perfon
to dip a mop or fwab into this water, and pafs it
along the upper furface of the tube. By this
operation the vapour contained in the tube will be
entirely condenfed with the greateft rapidity ima-
ginable ; for by the application of the wet mop
thin fheets of water are uniformly fpread, and
mechanically preffed upon the furface of the hot
tube ; which being converted into vagour, make
way for a fucceffion of frefh fheets; and thus
both by the evaporation and clofe contact of the
cold water conftantly repeated, the heat is carried
off more effeétually than by any other method
yet kknown.

« 4 The carrying on the diftillation without any
¢ addition, a corret chemical analyfis of fea wa-
ter having evinced the futility of mixing ingre-

“ diens
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“ dients with it, either to prevent an acid from

“rifing with the vapour, or to deftroy any bitu-
* minous oil fuppofed to exift in fea water, and to
“ contaminate the diftilled water, giving it that
“ fiery unpalatable tafte infeparable from the former
“ procefles,

“ 5. The afcertaining the proper quantity of
“ fea water that ought to be diftilled, whereby the
“frefh water is prevented from contralting a
“ noxious impregnation of metallic falts, and the
* veflel from being corroded and otherwife damaged
“ by the falts caking on the bottom of it.

6. The producing a quantity of fweet and
“ wholefome water, perfetly agreeable to the tafte,
“ and fufficient for all the purpofes of fhipping.

“ 4. The taking advantage of the drefling the
“ fhip’s provifions, {0 as to diftil a very confiderable
“ quantity of water from the vapour which would
“ otherwife be loft, without any addition of fuel,

¢ To fumup the merits of this method in a few
“ words:

“ The ule of afimple tube, of the moft eafy
“ conflruction, applicable to any fhip’s kettle, The
“ rejecting all ingredients. Afcertaining the pro-
“ portion of water to be diftilled, with every ad-
* vantage of quality, faving of fuel, and preferva-
“tion of boilers. The obtaining frefh water,
“ wholefome, palatable, and in fufficient quantities.

¢ Taking
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« Taking advantage of the vapour which afcendsin
¢ the kettle while the fhips provifions are boiling.

¢ All thefe advantages are obtained by the above-
« mentioned fimple addition to the common fhip’s
« kettles. But Doctor Irving propofes to introduce
¢ two further improvements.

« The firft is a hearth, or ftove, fo conftructed,
« that the fire which is kept up the whole day for
« the ‘common bufinefs of the fhip, ferves likewife
« for diftillation ; whereby a fufficient quantity of
« water for all the ceconomical purpofes of the fhip
“ may be obtained, with a very inconfiderable ad-

<« dition to the expence of fuel.

« The other improvement is that of fubftituting,
« even in the largeft fhips, caft-iron boilers, of a
¢ new conftruction, in the place of coppers.”

DIRECTIONS
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Direcrions for DisTiLLing SEA-WATER,

“ As foon as fea-water is put into the boiler, the
“tube is to be fitted either into the top or lid,
“ round which, if neceffary, a bit of wet linen may
“ be applied, to make it fit clofe to the mouth of
¢ the veflel ; there will be no occafion for futing,
“as the tube a&s like a fuanel in carrying off the
“ vapour.

“ When the water begins to boil, the vapour
¢ fhould be allowed to pafs freely for a minute,
“ which will effectually clean the tube and upper
“ part of the boiler. The tube is afterwards to be

“ kept conftantly wet, by pafling a mop or fwab,
“dipped in fea-water, along its upper furface.
“ The wafte water running from the mop, may be
“ carried off by means of a board, made like a
“ {pout, and placed beneath the tube.

“ The diftillation may be continued till three
¢ fourthsof the water be drawn off; and no further.
¢ This may be afcertained either by a gauge-rod put
* into the boiler, or by meafuring the water diftilled.
“ The brine is then to be let out.

- *“ Water may be diftilled in the fame manner

“ while the provilions are boiling.
“ When
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« When the tube is made on fhore, the beft
« fubftance for the purpofe is thin copper well
« tinned, this being more durable in-long voyages
4 than tin plates.

« Inftead of mopping, the tube, if required,
“ may have a cale made alfo of copper, fo much
“ larger in diameter as to admit a thin fheet of
« water to circulate between them, by means of a
« fpiral-copper thread, witha pipe-of an inch dia-
« meter at each end of the cafe’; the lower for
& receiving cold water, and' the upper for carrying
« it ofF when heated.

« When only a very fmall portion of room can be
« conveniently allowed for diftillation, the machine,

« which is only twenty-feven inches long, may be
« (ubftituted, as was done in this voyage. The
« principal intention of this machine, however, is
«:to diftil rum and other liquors; for which purpofe
« it has been employed with extraordinary fuccels,
“in preventing an empyreuma, or fiery tafte,”

ACCoUN"T
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AccounT of the AsTroNomicar OBSERVATIONS
and Time-Keerers, by Mr. Lyoxs, '

“ THE obfervations for finding the time at fea,
¢ were taken with a brafs Hadley’s Sextant
“of eighteen inches radius, made by Dollond ;
“ and fometimes by Captain Phipps, with a finaller
“ of four inches radius, made by Ramfden, which
“ commonly agreed with the other within a mi-
“nute. The error of the. fextant was generally
“ found by obferving the diameter of the Sun;
“ which if the fame as double the femidiameter
“ fer down in the Nautical Almanac, fhewed that
“ the inftrument was perfe@tly adjufted 3 if it dif-
“ fered, the difference was the error of the fextant.
* It was neceffary to know this error of adjuftment
“very exactly, and therefore I generally repeated
“the obfervation of the Sun’s' diameter feveral
“ times, and from the mean of the refult found
* the error of the fextant. ~This error will equally
« affet all the obfervations taken near the fame
* time, and therefore cannot be difcovered from
* the comparifon of feveral obfervations. Under
“ the equator, an error of one minute in alitude,
“ near the prime vertical, will only produce an er-
¢ ror of four feconds in the apparent time ; but in
¢ the latitude of eighty degrees it will caufe an
¢ error of twenty-three feconds. As we generally

“ took
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« took feveral fucceflive obfervations, any error in
« the obfervation itfelf will be generally indepen-
« dent of the reft ; and as 1 have calculated each
« feparately, the conclufions will fhew which are
« erroneous, by their differing much from the
« mean of all, which cannot but be very near the
¢ truth.

« In calculating thefe obfervations, I found by
% the logboard how much we had altered our la-
« titude fince the laft obfervation; and fometimes,
¢ when we had an obfervation the noon following
« the obfervation for the time, the latitude of the
“ fhip at the time the altitudes were taken was in-
« ferred from it. As moft of our altitudes were
¢« obferved when the fun was near the prime ver-
¢ ical, a fmall error in the latitude will not pro-
« duce any confiderable change in the time; in-
“ deed, if it is exadlly in the prime vertical, it
¢ will not make any change at all,

% To find the Longitude from thefe obfervati-
« ons: to the apparent-time found bycalculation,
« apply the equation of time according to its fign,
« which will give the mean timey the difference
¢ between which and that marked by the watch,

¢ will fhew how much it is too flow or too faft for
¢ mean time.

« Captain
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¢ Captain Phipps’s pocket watch, made by Mr.
¢ Arnold, when compared with the regulator at
* Greenwich, May 26th, was twenty-four feconds
“too flow; it was' there fournd to lofe twelve fe-
“ conds and a quarter a day onmean time  From
“ this it is eafy to find what time it is at Greenwich
¢ at any moment fhewn by the watch.

“ The watch was compared every day about
“ noon with the two time-keepers made by Meff.
* Arnold. and Kendal; and from this comparifon,
“and their rates of going previoufly fettled at
“ Greenwich, together with knowing how much
“ they differed from mean time at Greenwich be-
“ fore we. fet out, was calculated the table which
“ fhews what the mean time is at Greenwich ac-
¢ cording to each time-keeper, when the watch is
“ at twelve hours.

“ By the help of this table, we may eafily find
“ the longitude of the fhip, as deduced’ fromm the
“ going of each time-keeper. Having found how
“much the watch is too faft of too flow fori mean
“time at the fhip, we know what the: mean-time
“is at'the fhip when the watchisat twelve hours;
‘““and by the table we can fifid :what is the meati
“time at Greenwich at- the fame time, fuppofing
“‘each time-keeper had kept: the fame rate of go-
“ing as it had before our departure ; the difference
““ of thefe mean times will givethe longitude of the
“ fhip. ¢ ¥or
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« Ror example, June 1gth, in theé afternoon,
« fHe Watch Wd§ 1”7 24" too flow for medn time at
« the pldce whefe we obfefved ; therefore, when
« the watch fhews twelve hours, the mean time
« a¢ ¢hié placé was 128 1 24", At this time | find
“by the table, that according to Kendal’s time-
« keéper, the medn time at Greenwich was 12b

!

« !l 7' from this fabtratting 12" 1’ 24", the
¢ mean time at the (hip, the remainder, o' 43" 15
¢ the difference of meridians; which, converted
¢ into parts of a degree, gives o° 10' 45" for the
« longitude of the fhip according to Kendal, which
¢ is to the Weftward, becaufe the mean time at
« the fhip is lefs than that at Greeanwich,

« When weé were on fhore, the obfervations
« weré made with an Aftronomical Quadrant, di-
« vided by Mr. Ramiden, of eighteen inches ra-
« dius, which was placed on a folid rock of mar-
< ble ; the error of the line of collimation was
< found by inverting the quadrant, which was ad-
« jufted by a fpirit level, The weather did not

& perthit us to take correfponding altitudes of the

« Qun, fo that we determined the apparent time
« By computation from altitudes of the Sun’slimb
¢ having before fettled the latitude of the place
& of obfervation, frem meridian altitudes of the
@ Gui's linbs taken with the fame inftrument.

R « The
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¢ The Latitudes of the fhip were determined
“ moft commonly by the meridian altitude of the
“ Sun’s lower limb; in a few inftances, by that of
““ his upper limb, when the lower was not fo dj-
“ ftinct, or was hid by clouds. The height of the
“ eye above the level of the fea, in all thefe obfer-
“ vations, was fixteen feet. When we could not
“ get a meridian obfervation, we made ufe of the
“ method defcribed in the Nautical Almanac for
“ 1771, from two altitudes taken about noon, and
“ at a little diftance from it

“ It fometimes happens that we can only take
“ fome altitudes very near the time of noon, If
*“ we have obferved any altitudes of the Sun near
“the prime vertical, we may thence determine
“ how much the watch is too faft or too flow for
“ apparent time ; and confequently, how much the
“ time when the altitudes were taken, is diftant
“ from noon; it therefore remains to find how
* much thefe altitudes are different from the me-
“ ridian altitude. This may eafily be found by
“ the following Rule ;

“ To the logarithm of the rifing, taken out of the
“ tables in the Nautical Almanac for 1771, add the
“ complement arithmetical of the logarithmic co-
“ fine of the fuppofed meridian altitude ; from the
“ fum (the index being increafed by five) fubtract
“ the logarithm ratio (found by the rules in the
* abovementioned Ephemeris) the remainder is the
“ logarithmic fine of the change in altitude,

“EXAMPLE
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“ There were two time-keepers fent out for trial
“ by the Board of Longitude ; one made by Mr.
“ Kendal after Mr. Harrifon’s principles; the other,
“ by Mr. Arnold: this laft was fufpended in gim-
“ mals, but Mr. Kendal’s was laid between two
“ cufhions which quite filled up the box. They
“ were both kept in boxes fcrewed down to the
“ fhelves of the cabin, and had each three locks ;
“ the key of one of which was kept by the cap-
“ tain, of another by the firft licutenant, and of
¢ the third by myflf, they were wound up each
“ day foon after noon, and compared with each
“ other and with Captain Phipps’s watch. They

“ ftopped twice in the voyage, owing to their being -

“run down ; they were fet a-going again, and as
¢ they had been daily compared together, it was
“ eafy to know how long each had ftopped, from
“ the others that were ftill going; this time is al-
“ lowed for in the table of the mean time at Green-
“ wich by each time-keeper.

“ When we were on fhore at the ifland where
“ we obferved July 15th, we found how much the
“ watch was too flow for mean time. When we re-
“turned from the ice to Smeerenberg, and again
¢ compared the watch with the mean time, allow-
‘“ ing the fame difference of longitude between the
“ ifland and Smeerenberg, we found that it went
“ very nearly at the fame rate, as it did when tried
“ atGreenwich : {o that its rate of going was nearly
¢ the fame in our run from England to the ifland,
¢ from

= B e D
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< from thence to the ice and back again to Smeeren-
“ berg, and in our voyage from thence toEngland, as
“ we found on our return. By this means we were in-
« duced to give the preference to the watch, and
“ to conclude that the longitude found by it was
“ not very different from the truth.

“ The principles on which this watch is con-
“ ftructed, as I am informed by the maker, Mr.
“ Arnold, are thefe: the balance is unconnected
“ with the wheel-work, except at the time it re-
“ ceives the impulfe to make it continue its mo-
“ tion, which is only while it vibrates 10° out of
¢ 280°, which is the whole vibration; and during
¢ this fmall interval it has little or no friction, but
« what is on the pivots, which work in ruby holes
¢ on diamonds : it has but one pallet, which is a
¢ plane furface formed out of a ruby, and has no
“oil on it.

« Watches of this conftruction go whilft they
¢« are wound up ; they keep the fame rate of going
“ in every pofition, and are not affected by the dif-
« ferent forces of the fpring: the compenfation
¢ for heat and cold is abfolutely adjuftable.

¢ T'ime-keepers of this fize are more convenient
« than larger, on feveral accounts; they are equally
« portable with a pocket watch, and by being kept
¢« pearly in the fame degree of heat, fuffer very
“ Jittle or no change from the viciffitudes of the
* weather.

R 4 “ This
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“ This watch was exceedingly ufeful to us in
“ our obfervations on land, as the cther time-keep-
* ers could not fafely be moved: and indeed, in
¢ the prefent yoyage, where they were on trial, it
“ was contrary to the intent for which they were
“ put on board, and might have been attended
“ with accidents by which the rate of their going
“ might have been greatly affected.

“ The longitudes by Mr. Arnold’s larger time-
“ keeper are very different from thofe by the
“ watch in our voyage back from Spitfbergen to
“ England; owing, probably, tothe ba]ance-‘i’pring
“ being rufted, as we found when it was opened at
¢ the Royal Obfervatory at Greenwich, on our
“ return,

“ The longitudes found by the Moon are de-
“ duced from diftances of the Moon from the Sun’s
“ limbs, or from Stars, taken with the fextant;
“ whiltt the altitudes of the Moon and Sun, or
“ Star, were taken by two other obfervers.

“ In one inftance (June 26th) the obfervations
“ were all made by Captain Phipps with the fmall
¢ fextant fucceflively ; and the akitudes of the
“ Moon and Sun at the very inflant the diftances
“ were oblerved, are deduced from the changes
“ in thele altitgdes during the interval of obferya-
* uon,
«] have
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« | have calculated the longitude from each fet
« of obfervations feparately, to fhew how near
t they agree with each other, and what degree
« of precifion one may expect in fimilar cafes.

¢« Obfervations of the diftances of the Moon and
¢ Sun, or Stars, may be ufeful to inform usif the
« time-keepers have fuffered any confiderable
« change in their rate of going. For if the longi-
« tude deduced from the moon differs above two
« degrees from that found by the watches, it is
¢ reafonable to imagine, that this difference is
“ owing to fome fault in the watch, as the longi-
¢ tude found by lunar obfervations can hardly vary
« this quantity from the truth: but if the differ-
¢ ence is much lefs, as about half a deggee,-itis
« more probable that the watch is right, fince a
« {mall error in the diftance will produce this dif-
¢ ference.
« The diftances of the Moon from Jupiter were
obferved, becaufe Jupiter is a very bright objeét ;
¢ and the obfervations are eafier and lefs fallacious,
£ particularly that of the altitude, than thofe of
a fixed ftar, whofe light is much fainter. This
¢ method, however, requires a different form of
¢ calculation, from thatof the obferved diftance of
¢« the Moon from a fixed ftar, whofe diftances are
¢ computed for every three hours, in the Nautical
¢ Almanac. The principal difficuly in the calcu-
¢ Jation is to find the Moon’s longitude from the ob-
¢ fervation

-~ - - P -
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“ fervation of the diftance. This I have endeavour-
“ ed to facilitate by the following problem, - which
* may be applied to any zodiacal ftar, and will be of
“ufe when the ftar fet down in the Ephemeris
 cannot be obferved.

% PR LOHB IsudE oM

“ Having given the diftance of two objects near
“ ecliptic, with their latitudes, to find their dif-
“ ference of longitude, -

“PIOSE TP T N

“Find an arc A, whofe logarithmic fine is the
“fum of the logarithms of the fines of the
“two latitudes and the logarithmic tangent of

“half the diftance, rejecting twenty from the in-
“ dex of the fum.

“ Find an arc B, whofe logarithmic fine is the
“fum of the logarithmic verfed fine of the differ-
“ence of latitude, and the logarithmic cotangent
“of the diftance, rejecting ten from the index of
¢ the {um.

“ Then A added to the obferved diftance, and
“ B fubtracted from the fum, leaves the difference
“ of longitude.

“If one of the latitudes is South, and the other
“ North, the fum of the two arcs A and B fub-
 tracted from the diftance, leaves the difference
¢ of longitude,

“EXAMPLE,
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A Table fhewing what the Mean Time is at Green.
wich, by each Time-keeper, when the Pocker-
Watch made by Arnold is at 12",

Day of the Arnold. Kendal. Watch
Month. {

"
33
I
16
36
50
6
8
50
3
1t
16
4

10
16

59
6

5
14

2
57
43
13

2
24
52
44
26
1
55
45
29
20
14

2

“ b
56 12
14 12
25 12
45 12
55 12
10 12
10 12
53 | 12
S 12
28 12
34 12
28 iz
8 12
28 iz
12
48 12
12
12
12

June 2 1
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5
5
5

Lale 0K
5
6
6
6
6
6
2
7
7
7
7
8
8
8
8
8
9

12
12
12
iz
12
12
12
12
12
12
12
12
12
12
50 12
42 12
26 12

Wun wn
VOPWPO === =B RNEB BB RNNEE DR - -

M- ""'"""""""O"'"""0"'"""MNNN-‘—'—HH"-H—O""-OOOO:-S"

A Table




APPENTDIZX 225

|A Table fhewing what the Mean Time is at Gwm-i
wich, by each Time-keeper, when the Pocket-
Watch made by Arnold is at 12" |

| Day of the Arnold. Kendal. Watch. - |
Month,

July 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

30
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A '["aﬁle li,hcwmﬁ %hat the Mean Time is at Green.
wich, by each Time-keeper, when the P
“@@nm@byAmddgL;ﬁ et

DIS]}; ::fhl_he Arnold. Kendal. Watch,

B ol t h
Aug. 20 1t 47 12
21 It 45 12

22 1t 43 12

23 1 41 12

24 It 39 12

25 1T 37 12

26 i1 g% 12

27 11 34 12

28 11} 38 12

29 11} 30 12

30 1t 28 12

31 1 26 12

1 1 s2d 12

Ir 21 12
It 19 12
I 17 12
1] 54 12
11 1z 12
1 9 12
1y) 12
10! §7 12
10 50 12
10 35 12
10 42 12
1o 39 12
1o 35 12
10 31 12
10 2% 12
10 23 12
10 18 12
1o 8 12
10 12
9 Sg 12
9 53 1z
9 48 12

h i
12 ;8
12 18
1z ;8
12 18
1z 8
12 19
1z 19
12 19
12 19
12 19
12 20
12 2o
12 20
12 20
12 20
12 2y
12, 2§
12 2
12 2
12 22
131 2
12
12
12
12
12
12
12
12
12
12
12
12
T
12

L
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Obfervations of the Moon and Jupiter.

Augult 31, P. M.
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The Elements of the above Calculation.
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