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THE

SIR E,

As a Sea Officer addreffing Your MA-
~E5TY on a profeffional fubjec], I might.
jufily be accufed of fingular ingratitude,

did I not- avail myfelf of this opportu~ity

of reminding the World, that the Voyage

to
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to explore how far Navigation was practi-

cable" towards the North Pole was under-

taken at a Period peculiarly difiinguifhed

by Your MAJESTY'S gracious Attention to

Your Navy.

In a Time of profound Peaoe Your MA-

JESTY, by a liberal Addition to the Half

Pay of the Captains, relieved the Neceffities

of many, and gratified' the Ambition of

all, at once demonfl:rating Your MAJESTY'S

Regard to their Welfare, and the Remem-

brance of their Services.

The Armament which followed in a fe.w

"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 flatteriog

and
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and diiHnguifhed Mark of Royal Favour,

and to Your MAJESTY an additional Proof'

-ef that Alacrity for Your Service, which

had fo recently received both its Reward

and Encouragement from Your MAJESTY'.
Protection ...

Permit me, SI RE, to add, that Your

MAJESTY'S gracious Approbation of my

.Endea vours, and the Permiffion I ha ve

been honoured with, of infcribing the

following Account of them to Your MA-

JESTY, are thong Proofs of that Indul-

gence with which Your MAJESTY receives

every Attempt to promote Your Service,

- An Indulgence, which, at the [arne

Time that it cannot fail of animating

the Zeal of others more worthy of Your

MAJESTy'i
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MAJESTY'S Notice, has added to the moft

devoted Attachment, the warmefi Grati-

tude of,

8,r R E,

Your MAJESTY'S moft dutiful

Subject and Servant,

CaNST ANTINE JOHN PHIP.PS.
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INTRODUCTIO·N.

THE idea of a paflage.to the Eaft Indies by
the North Pole was Cuggefted as early 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 vm ;
the other to Dr. Ley, the king's ambaffador to
Charles V. In that addreffed to the king he Cays,
" I know it to be my bounden duty- to manifeft
" this fecret to your Grace, which hitherto, I Cup-
"paCe, has been hid." This fecret appears to
be the honour and advantage which would be
derived from the diCcovery of a paffage by the
North Pole. He reprefents in the ftrongefl terms
the glory which the kings of Spain and Portugal
had obtained by their diCcover[es Eaft and Weft,
and. exhorts the king to emulate their fame by un-
dertaking diCcoveries towards the North. He
,ftates in a very mafterly ftyJe the reputation that
rnuft attend the attempt, and the great benefits,
Ihould it be crowned with fuccefs, likely to accrue

B to
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to the fubjects of this country, from their advan-
tageous Iituation , 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 Iuppofed 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 irn-
"poffibk to pafs , for they being paft this tittle
" way which they named (0 dangerous (which may
" be two or three leagues 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 there parts;" ,

In the paper addreffed to Dr. Ley he enters more
minutely into the advantages and practicability of
the undertaking. Amongfl many other arguments
to prove the value of the difcovery, he urges, that
by failing northward and palling the Pole, the na-
vigation from England to the Spice Wands would
be fhorter, by more than two thoufand leagues,
than either from Spain by the Straitsof 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 iV the opinion they, entertain
of the polar regions being irnpaflable from extreme

cold,
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cold, as, it has been found, they were, in fiippofing
the countries under the Line to be uninhabitable
from exceflive heat. With all the fpirit of a man
convinced 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 interefl, yet I have had, and. frill have,
" no little mind of this bufinefs : [0 that if I had
" faculty to my will, it Ihould be the firft thing
" that Iwould 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 p:opofition, and the offer
of his own fervices, it does not appear that he pre-
vailed [0 far as to procure an attempt to be made.

Borne, in his Regiment 0/ the sea, written about
the year J 577, mentions this as one of the five
ways to Cathay, and dwells chiefly on' the mild-
nets of climate which he imagines muft be-found
near the Pole, from the conftant prefence of the
fun during the fumrner. Thefe arguments, how-
ever, were Coon after controverted by Blundeville,
in his Treatife on Univerfal Maps,

In i578, George Beft, a gentleman who had
been with Sir Martin Frobifher in all his voyages
for the difcovery of the North Weft paffage, wrote
a very ingenious difcourfe, to prove all parts of the
world habitable.

No
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No voyage, however, appears to have been
'undertaken to explore the circumpolar feas, till
the year 16°7, when" Henry Hudfon was ret
"forth, at the charge of certain worfhipful mer-
eechams of London, to difcover a paffage by the
"North Pole to Japan and China." He failed.
(rom 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 [orne others of
the adventurers who followed him; but without
firccefs • the only account Ihave 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 73Q

,

on the twenty-firft of June, which he named Hold-
with-Hope. The twenty-Ievenrh, he fell in with
Spirfbergen, and met with much ice; he got to
eighty degrees twenty-three minutes, which was
the Nonhernmoft 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 cIearnefs of the weather, jlretL"hing
"far into eighty-two degrees, and, by the bowing
" and iliewing of the fky, much farther; which
" when Ifirfi raw, I hoped to have had a free rea
" 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.impoflible, by means of the abundance
" of ice compaffing us about by the North, and
c, 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 aflure at
" this prefenr, that between feventy-eight degrees
"and an half, and eighty-two degrees, by this
cc way there is no paffage."-In confequence of
this opinion, he was' the next year employed on
the North Eaft difcovery.

In Mareh 16°9, old ftyk ce A voyage was ret
" forth by the right worfhipfu] Sir Thomas Smith,
" and the. reft of the Mufcovy -Company, to Cherry
"Wand, find for a further difcovery to be -made
" towards the North Pole, for the likelihood of a
" trade or a paffage that way, in the fhip called the
" Amity, of burthen feventy tuns, in which Jonas
" Poole .was mafter, having fourteen men and one
cc boy."--He weighed from Blackwall, March the
firft, old Ilyle , and after great feverity of weather,
and much difficulty from the- ice, he made the
South part o( Spitfbergen on 'the _6th of May. He
failed along and founded the, coafl, giving names to
feveral places, and makingmany very accurateob-
fervations. On the 26th, being near Fair-Foreland,
he fent his mate 0~1fhore ;.-,.,-andfpeaking of the ac-
count he .gave·~at his return, ·fays, "Moreover, I
_".was certified that all the ponds and lakes were
" unfrozen, they being frefl} water; which putteth

B 3 ~'me
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,~ me-in hope of a mild Iiimrner here, after Iofharp
" a beginning as I have had; and my -opinion is
'~fuch, and Laffure myfelf it is fo, that a paflage
" 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
" ice (I mean that freezeth here) is nothing fo huge
" as I have feen in feventy-rhree degrees,"

Thefe hopes, however, he was foon obliged to
relinquifh for that year, having twice attempted in
vain to get beyond 7'9o"5b'. On the 2jft 6t June,
he ftood to the Southward" to get a loading of fifh,
and arrived in London the laft of Auguft. He was
employed the following -year: (19 r r) in . a fmall
bark called the Elizabeth, of 50 tuns. :.,The in-
ftructions for this voyage, which may be found at
length 'in Purchas, areexcellently drawn up: They
direct him, after having-attended the fifhery for
fome time,' to attempt difcoveries to the North
Pole as-long as the feafon will permit; with a dif:.
cretionary claufe, to act in unforefeen cafes as Ihall

, 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 o{ June, on ac~
count of the bad weather, and great quantity -of
ice, he failed from thence on that day,- and fleered
W b N fourteen leagues, where he found a bank
of ice: ' he returned to'Crofs-Road-, . from whence

when
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when he fa'iled, he found the ice to lie clofe to the land
-about the .latitude of 80°, and that it was irnpof-
fib le to 'pa(s that way; and the {hong tides making
, it dangerous .to deal with the ice, he determined to
ftand along it to the Southward, to try. if he could
l1nd the fea more open that way, and Co get to the
WeftwarqL,ans! proceed on his ,:oyage. He,found
the ice 'to'-li~ nearefl pW .and SW b S.and,'rap. ' ~
along it apoqt.an hundred and .twenty leagues. H~
had no ground n~ar th~"i~.~, a~ 160, I~o, or 2'00
fathoms; i per~eivipg th~ ice fr,ill to trend .to the
fouthwfl~qt "he,deterrni ed. t~ .return to SBitf!?ergen
'for the-fifhery, where he 10Q: his fhip, ,- . ~....--- .

, 1:~1 rl l_,J :"Jt1 ..t
,In the yea.~ 16 I4, ,~n~ he]; }9yage ,)v~s ~nder4
taken., in. )V~icJ1 Baffin .a9d Fotherby ,were ern-
ployed. .,With 'much diffidilty," and after repeated
attempts in vain with the fhip, they got"with their
boats to the firm ice, which j~ined t9,Red-J3each ;
they walke~ over the ice to that place, in hopes of
finding whale-fins, &c. i£ which they were.difap-
'pointed. 'Fbt~erby adds, in his account -:l"Tht{s, .
" as we CQuicinot find what we defired to fee, [0
" did '~e b'e'hold that which' we wiiliea had 'not
" been there to be' feen; 'which was great abun-
"dance ~f "ice, thattlay olofe to the' there, .and
" alfo off Jt fea as far as we could difcern," On
'the eleventh of Auguft they failed from Fair-
Haven, t6'trj if the ice would let them pats to the
Northward, "'of'Northeaftward ; they fteered from
I. B 4 Cape
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Cape IBarren, .or Vogel Sang, NEb E eight
leagues, where they met.with the .ice, which lay
E b Sand' W b N .. The fifteenth. of Al:lgui.l;~they
faw ice frozen in the fea of above the thicknefs of
an half ..crown .

. ,

Fotherby was again fitted, out the nextyear 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 1aft:. He refers
to a chart; in 'which' he had traced the fhip's
courfe on every traverfe,: to thew how far the ftate
of that fea was difcovered between eighty and
feven.ty-one de~rees. of latitude, . and for twenty-fix
degrees of longitude from Hackluit's headland.
He concludes the accounr .Qfhis voyage in the fol-
lowin~ manner: {

"NQw, if any demand .my opinion concerning
lc hope of a patrage' to be found in, thofe feas, I
~, anfwer , that it is true, that I both hoped and
" much deft red to have paffed further than I did,
ce but was hindered with ice ,- wherein although I
" have not attained my defire, yet forafmuch as it
" appears not yet [0 the contrary, but that there is
cc a f acious fea betwixt Groinland and king James
cehis new 'land [Spitfbergen] although much pef-
U tered with ice; I will not feem to' difwade this
c~wor1hipful 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 Ruffia company,
either fatisfied with his endeavours and defpairing
of further fuccefs, or tired of the expence of the
undertaking, never employed any more fh!ps on
this difcovery.

All there voyages having been fitted out by pri-
vate adventurers, for the double purpofe of difco-
very and prefent advantage; it was natural to fiip-
pofe, that the attention of the navigators had been
diverted from purfuing the more remote and lees
profitable object 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 there men , which, without having traced
their fteps, and experienced their difficulties, it
would have been irnpoflible 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 or--
diligence and fkill, not only in the ordinary and
practical, but more fcientific parts of their profef-
lion, which might have done honour to modern
feamen, with all their advantages of later improve-
ments. This, when compared with the accounts
given of rhe Itate of navigation, even within thefe

forty
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forty years, by the moft eminent foreignauthors,
affords the moft flattering 'and Iatisfactory proof of
the very early exiftence of that decided -Iliperlority
in naval affairs, which hasvcarried the .power of
-this country to the 'height it has now attained. :

,
This great point of geography, perhaps the moil:

important in its confequences to a commercial na-
tion a~d maritime power, 'butthe only one which
had never y~t be~n the object- of· royal attention,
was Iuffered to remain without further inveftiga-
don, from the year 1615 till 1773, 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, a propofal .foran expedition to try how-far
navigation was practicable towards the No;th Pole ,
which his Majefty was pleated to:dire& fu~uld be'
immediately' underraken., with every encourage-
-rnent that could countenance fuch an enterprize,
and every afliflance that could contribute . to its
fiiccefs.

As foon as I heard of the defign, Ioff~rei'rh¥-
felf, and had the honour of being entrufted with
the conduct of this undertaking. The nature of
the voyage requiring particular care in the choice
and equipment of the fhips," the Raceho~fe and
Carcafs bombs were fixed upon as the flrongeft,

and
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~nd.therefore properefl for the purpofe. The ,pro:
bability that Iuch an ..expedition cpu,ld not be car ..
ried .on , without meeting with much ice," made
fOn)e.a"dditional ftrengthening neceffary : they were
rherefore immediately taken into dock, and fitted
in.the, moft compleat .manner for the fervice. The
complement for'ihe'Racehorfe was fixed at ninety
men;; arid the ordinary eflablifhment departed
from,' by appointing an additional number. of offi-
cers,' and entering effective men inftead of .the
ufual number of boys. '

.'

-...:I was allowed to';recommend' the offi~ers; and was
very happy to find, during the courfe of the voyage,
.by 'the gr'eat ailifl:anc'e I receiv~d 'on m:£nyoc~afions
from their abilities and experience, that I had .not
been miftaken in the characters of thofe upon
whom -'(0 much depended -in tEi' 'performance of
this fervice- 'FWD- mailers of Greenlandrnen were
-employed a; pilots' for each fhip. The Racehorfe
'was alfo furnilbecl-with the new chain-pumps made
by Mr. Cole according to Captain' Bentinck's irn-
.provemehts, 'whleh were found' to ~hfwer perfect:-
lywell.J' We alfo rrfade ufe of Dr. 'Irving's apparatus
'for: diftilling [reM wat~r' frohIJ·tHe ..fea, with the
greaieftfuccefs. Some [mall butbti~fU'l alterations
-were made 'in the ':fp'ecib of pro ifi~t1i'ufually. fup-
plied in the<navy'.;' uri:additiomrl qnaHtity of fpiri't's
was allowed for each fljip, to be ifflied at-the-dif-
-cretioa Oaf thcj.~<fmihanders, \ihehbextraordinary

.1 fatigue
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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
fearnen 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 calcu-
lated, in number and Iize, to be fit, 'on any emer-
gency, to tranfport the whole crew. In fhorr, eve-
ry thing which could tend to promote the fuccefs
of the undertaking, or contribute to the Iecurity,
, health, and convenience of the fhips' companies,
was granted.

The Board of Longitude agreed with Mr. Ifrae1
Lyons to embark in this voyage, to make aftrono-
mical obfervations. His reputation for mathema-
tical knowledge was too well eflablifhed to receive
any addition from the few opportuniries which a
voyage in fuch unfavourable climates could afford.
The fame Board fupplied him with fuch inflru-
rnents as they imagined might be ufeful for making
obfervations and experimen ts. The Royal SQ-
ciety favoured me with fuch information as they
judged mightJerve to direct my enquiries, when-
ever the circumftances of the voyage fhould affQrd
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 .whorn it is with
pleafure I mention Monfieur D'Alem bert, 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 ~b-
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 inflructions in the
branch of natural hiftory, as I 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 opportU4

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, I took
care to provide myfelf with all the ben: inftruments
hitherto in ufe, as well as others which had been
imperfectly, or never, tried.

The length of the Second Pendulum in fo high
a latitude as Iwas likely to reach, appearing to me
an experiment too interefting to be neglected, I
defired Mr. Cumming to make me fuch an inflru-
ment as he thought would beft anfwer the purpofe.

, That
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That modeffy 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 furnirh me with one of
his own conilruction; but the judgment as well as
iklll with which the apparatus joined to it was con-
trived and executed, notwithftanding the fhortnefs
of the time, will, I am Cure, do him credit.

The Board of Longitude rent tWQ 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 longitllde 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, I have re-
duced from the nautical to the civil computation:
to this I Ihall add, by way of Appendix, an ac-
count of all the experiments and obfervations un-
der their relpective 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 progrefs of 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 wifh to fubrnit to others,
who may chute to examine more minutely, and
compare the facts with the conclufions,

A voyage of a few months to an 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 poHibly from their
novelty, and the peculiar circumftances 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 thernfelves,
but a fecondary confideration.
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[May.

.J o u R N A L.
APRIL ~9th, 1773, I received my commie.

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

23d. The fhip was hauled out of dock.

May 21ft. The {hip being manned and rigged,
and having got in all the pr~vifions and ftcres,_ ex,-
~ept the Gunner's, we fell down to Galleons. ,

22d. We received on board the powder, with
eight fix-pounders, and all the gunner's ftores.
Lord Sandwich gave us the laft mark of the oblig-
ing attention he had {hewn during the whole pro-
grefs of the equipment, by coming on board to fa-
tisfy himfelf, b~fore our departure, that the whole
had been com pleated to the wifh of thofe who
were embarked in the expedition. The Eafterly

C 2 wind
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winds prevented our going down the river till the
z Sth, when I received my inflructions for the
voyage, dated the 25th; directing me to fall down
to the Nore in: flie Race-notre, and there tak,ing
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 pollible,
arid as nearly upon a meridian as the ice or other
obflructions might admit; and, during the courfe
of the voyage, t? make fuch obfervations of every
kind asmight be ufefbl to navigatiorr, t>t tend to
the- prornctioh of natural knowledge; in cafe of
arriving at the Pole, and even finding free naviga-:
tion on the oppofite meridian, dot to- proceed any
farther; and at all events to fecure my return to
the Nore before the winter fhould fet in. There
was alfo a claufe authorizing me to preceed, in un-
, forefeen cafes, according to my ow~ difcretion, and
an6ther claufe dire01ng tl1e to profecute the vOyage
·on board the Carcafs, in cafe the Racehorfe [hould
be loft or difabled.

27th. I anchored lit the Nore, and was. joined
by Captain Lutwidge, in the Carcafs, on the goth:
her equipment was to have been in all refpeds 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

~ q,ul1ntity
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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 penet.ration
by their conduct in the courfe of the voyage. Dur-
ing our flay here, Mr. Lyons landed with the af-
tronomical quadrant at Sheemefs fort, and feund
(the l-atitude to be 5!.o 31' 30/1, longitude 09 3d
Eaft. The Eafterly winds prevented our movicg
this day and the following. -

June zd. Having the wind to the Weftward of
North, at five in the morniog I made the fignal to
weigh; but in lefs than half an hour, the wind
ihifting to the Eall1w.ardand blowing fr.efu, I furled
we t9p(ai.l~. The wind came .iJI) the afternnon to
N b E; we weigibed, hut did not g!=t far, the
-tide of flood making againft us.

3d. The wind blowing fr~,f1;1all day Eafterly,
we did not move.

4th. The wind coming round to the W~ft-
ward .at fix in the morni.o{';, Iwej~hed i.1p-Plediate.
Jy, and rent the boat for Captain J,.,jiItwidge, to ~~
liver him his orders. .i}.t ro A.M.loo.gitude bJ
t~e watch 5-6' E. At aeon we latitude obferved
was 510 37' 36/1 N. At eight .in the e-veping we;
had got as far as Balfey Cliff, between Orfo;rd .f.lnP
Harwich. Little wind at night.

C3
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5th.
ven In

water.

J OUR N A L [June;
Anchored in Hofeley Bay at half pall fe-
the evening, in five and an half fathom
Orford Caftle NEb N.

Angle between Aldborough Church
Orford Light Houfe, .

Light Houfe and Orford Church,
Orford Church and Caflle,
Caflle and Hofeley Church,
Hofeley and Balfey Church,

and J 7° 38"
18 16
2 20

100 59
35 27

6th. At five in the morning, the wind at
SSW, weighed, and flood out to fea, finding I
might lofe two tides by going through Yarmouth
Roads. Examined the log line, which was marked
forty-nine' feet l' the glafs was found, by comparing
it with the time-keeper, to' run thirty feconds: at
noon latitude obferved 52° 16' 54/1, longitude by
the watch 10 30' 15/1 E.

An:~~k~et~ee~ S.ou~hw;old.a~d ~~ld~rf- ~ 10° ~9'

Walderfwick and Dunwich, .. 20 2I

Dunwich and Aldborough, . . 46 53
Southwofd N W -} N, fuppofed diftance three
leagues. We concluded the latitude of South-
would to be 520 22', and longitude 1° 18' 15" E.
The dip was 73° 22'.
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7th. 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.

8th. Little wind moil: part of the day, with a
yery heavy Iwell. Stood in for the land. At half
paft ten longitude by the watch 0° 41' 15

11
E. At

noon the latitude was 53° 38' 3711• We faw the
high land near the Spurn, in the evening.

9th. About noon Flamborough Head bore NW,
b N diftant about fix miles: we were by obferva-
tion in latitude 54-0 4~54'~,longitude 0° 27' 15~~
E; which makes Flamborough Head, in latitude
540 9~, longitude .0° I9~ 15" E. In the afternoon
we were off Scarborough. Almofr calm in the

evening.

loth. Anchored in the morning.for the tide in
Robin Hood's Bay, with little 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.

I I tho Calm in the morning; compleated our
'water, live ftock and vegetables. At nine in the
'morning longitude obferved by the watch 1Q 55"
30'; W; Whitby Abbey bore S ~W. Weighed

C 4 with
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with the wind at S E, and fleered NEb N to get
fo far into the mid-channel as to make the wind
fair EafierIy or W eflerlj; without being too near
either fhore, before we were clear of Shetland and
the coaft of Norway.

'12th. The wind a.t S 'E, and the (hip well ad-
vanced, I ordered the allowance of liquor to be
altered, fer~ing the fhip's COmp:;U1Yone- fourth of
their allowance in beer, and the other three-fourths
in brandy; by which means the beer was made to
Iaft the whole voyage. and the water confiderably
laved. One halfof this allowance was ferved im-
mediately after dinner, and the other 'half in the
evening. It was now light enough a11night to
read upon deck.

13th. The weather ftill fine, but confiderably
Iefs wind than the day before, and in the afternoon
more Northerly. The longitude at ten in the
morning was found by my watch 00 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 10 3 7~E. At noon the latitude obferved
was 590 32' 31n• We found a dif[erence of 36'
'between the latitude by dead reckoning and obfer-
vation, the fhip being fo much more Northerly
than the reckoning. The diflance bf 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 fleering 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 mathemeticians, or practifed
by feamen. In the afternoon I went on board the
Carcafs to compare the time-keepers by my watch.
At fix in the evening the longitude by my watch
00' .f.E. This evening the fim fet at twenty-four
minutes paft nine, and bore about NNW by the
compafs. The clouds made a beautiful appearance
long after to the Northward, from the ~efteCl:ionof
the fun below the horizon. It was quite light all
night: the Carcafs made the fignal for feeing 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 Ihip was
found by my watch, at ten in the morning, to be
10 I I' 45i1 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 20 57' 45" W. Some Shetland boats came on
-board with fifh, At noon the latitude by obferva-

tion
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tion was 60° 16' 45/1. At one in the afternoon
the dip was obferved to be 73° 30'; and at eight,
75° 18-: the evening calm, and very fine; the
appearance of the iky 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 74~ 52'. At half paft ten in the morning,
the longitude, from feveral .obfervations of the fun
and moon, was 0° IfW; at noon being in lati-
tude 60° 19' 8/1, by obfervation, I took the dif-
tance between the two fhips by the Megameter;
and from that bate determined the pofition of
HangcIiff, 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° 9', and longitude 0°
56' 30/1 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,
'1.5° I' W.
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16th. A very thick fog in the morning; latitude
ob[erved at noon 60° 29' 17/1: the dip was ob-
ferved at nine in the evening to be 76° 45" In the
afternoon, the weather clear, and the wind fair,
fleered NNE: fent Captain Lutwidge his further
orders and places of rendezvous.

17th. Wind fair, and blowing frefh at SSW,
continued the courfe NNE: ordered the people a
part of the additional clothing: faw an Englifh
floop, but had no opportunity of fending letters on
board, the fea running high. At ten in the morn-
ing, longitude by the watch 0° 19' 45/1 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°,
2Zi W.

r Sth, Little wind all day, but fair, from SSW
to S E: ftill fteering NNE: latitude obferved at
noon 65° 18' q/l. At three in the afternoon,
founded with 300 fathom of line, but got no
ground. Longitude by the watch 1° a' go/l W.

19th. Wind to the NW. Took the meridian ob-
fervation at midnight for the firft time: the fun's
lower limb 0° 37' 30/1 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 00 58',
45"W: at fix the variation 19° 1 I' W. '

zoth. Almoft calm all day. The water being
perfectly Irnooth, I 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° i.

~T e began this day to make ufe of DoClor Irv-
ing's apparatus for diftilling frefh water from the
fea : repeated trials gave us the moft fatisfactory
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 ro ufeful a
refource in cafe of diflrefs for water. The quantity
produced every day varied from accidental circum-
fiances, 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 diflillation , this amounts. to more

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

21ft. A frefh gale at S E all day; fleered NNE.
At four in the morning we fpoke with a [now from
the feal fifhery, bound to Hamburgh, by which
we fent [orne letters. At fix in the morning the
variation, by the mean of feveral obfervations,
was 23° IS< W. Longitude by the watch at. nine
was 0° 34-' 30" W. Latitude obferved at pQem
6~t'5~"

2zd. Calm mofl part of the day; rainy and ra-
ther cold in the evening. 'At noon obferved the
pip to be 77° $2'.

23d. Very foggy all day; the wind fair; alter-
ed the courfe and fleered N E and ENE, to get
more into the mid channel, and to avoid falling in
with the Weflern ice, which, from the increafing
coldnefs of the weather, we concluded to be near:
At feven o'clock in the morning, being by our
reckoning to the Northward of 7,l), we faw a piece
of drift wood, and a fmall bird called a Redpoll.
Pip obferved at nine in the evening to be 81° 30'.
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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 for
the firft time, in latitude 7SO 4Qo.. , ,: ;

25th. Wind Northerly, with a great fwell , feme
[now, but in general clear.· At eight in the morn-
ing, the longitude obferved by the watch was,0 15' E. Made feveral obfervations on the vari-
ation, which we found, by thofe taken at fev.en in
the morning, to be 1':'/9'W; by others at three in
the afternoon, only 7° 47' W. 1 could not account
for this very fudden and extraordinary decreafe,
as there were Ieveral different obfervations taken
both in the morning and ,ev.ening,· which agreed
perfectly well with each other, without .any app~-
rent caufe which could produce an error affeCting
all the obfervations of either fer. At eight in the
evening the longitude by the moon was Iz 0 57' 3d I

E, which differed .z? 35' from that by the watch,
Little wind at night. .

26th. Little wind all day; the weather very DI1e
and moderate. The latitude obferved at noon was
74-0 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-
tionswhich I took with a fextant of four inches
radius, at half paft one, the longitude was 90 57'
30" E; which agreed within thirty-feven minutes
with an obfervadon made by the watch at half all
hour after three, when the longitude was ?o 52,'
?O" E. Pip 790 22"

27th. At midnight the latitude obferved was
740 26". The wind c~me to the S W, and con-
tinued fo all day, with a little rain and fnow. The
cold did not increafe. We Ileered N bE. At
fe;en i~ th'e morning the variation, by a mean or
feveral obfervations, was found to be 200 38' W.
We were in the evening, by all our reckonings, in
the lati tude of the South part of Spitibergen,'whh- ,
put any ~ppearan~e 9f ice or fight of land, and with
a fair wind. .
" I

z Sth. 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 290 fathom; no ground.
At fix the longitude by the watch was 7° 50~ E:
between ten and eleven at night, faw the land to
~he Eaftward at ten or twelve leagues diflance,
~t midnight, dip 81° 7'.
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29th. The wind Northerly; ftood clofe in with
the land. The coaft appeared to be neither habi-
table nor acceflible ; it Was formed by high, barren,
black rocks, without the leaft marks of vegetation i
in man y 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·
fiinfhine, and conftant day-light, given a chearful-
nefs and novelty to the whole or this ftriking and
romantick fcene.' .

I had an opportunity of making many obferva-
tions near the Black Point. Latitude obferved at
noon 77° 59' II". The difference of latitude,
from the laft obfervation on the 27th 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 th~
obfervation. At three in the afternoon, bfOUght .
to and founded I 10 fathom; foft muddy ground ;
hoifted out the boat and tried the flream , found
it, both by the common and Bouguer's log (which
agreed exactly) to run half a knot North; Black
Point bearing ENE. At four the longitude by
the watch was 9° 3 I' E: at eight the variation,
by the mean of nineteen obfervations, I 10 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 finooth, and every precaution
we could think of ufed 1:0 make the obfervations
accurate. The dip was 80El 26'. Plying to the
Northward,

goth. At midnight the latitude by obfervation
was 78" 0' 50". At "four in the morning, by
Lord Charles Cavendi(h's thermometer the .tern-
perature of the water at the depth of I I 8 fathoms
was 310 at Fahrenheit's; that of die air was at
the fame time 40° t At nine in the morning we
faw a fhip in the NW, flanding in for the land.
Having little wind this morning, and that Nor-
therly, I flood in for the land, with an intention to
have watered the (hip, and got out immediately,
but was prevented by the calm which followed. At.
noon the latitude obferved was 780 S'; the dip
790 go'. At two in the afternoon we founded in
I 15 fathom; muddy bottom: at the fame time
we rent down Lord Charles Cavendilh's thermo-
meter,' by which we found the temperature of
the water at that depth to be 33"; that of the
water at the furfaee was at the fame ti-me"40° i
and in the air 44Q i, Fahrenheit's thermometer
plunged in water brought up from the [arne depth"
flood at 38Q t. This evening the mafler of a
Greenland Ship carne on board, who told me, that
he was juft 120meout of the ice which lay to the'

:D vVeftward
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Weft ward about fixteen leagues off, and that three
fhips had been loft this year, two Englifh, and one
Dutch. The weather fine, and rather warm. At
fix in the evening the longitude by my watch was
9° 28' 45/1 E.

J OURNAL. [July.

July 1ft. Little wind Northerly, or calm, all
day: the weather very fine, and [0 warm that we
fat without a fire, and with one ofthe ports open in
the cabin. At noon the latitude obferved was
780 13' 36/1; Black Point bearing S 78° E;'
which makes the latitude of that point nearly the
[arne as that of the {hip, and agrees very well with
the chart of this coaft in Pure has.

zd. Little wind, and calms, a-ll day; the wea--
ther very fine. At fix in the morning five [ail of
Greenlandmen in fight. At noon the latitude ob-
ferved was 78° 22' 41", I took a Iurvey of the
coaft, as far as we could Iee : I took alfo 'With the
megameter the altitudes of feveral of the moun-
tai ns: but as there is noth ing particularly intereft-
jng to navigators in this part of the coaft, I Ihall
only mention the height of one mountain, which
was fifteen hundred and three yards. This may
Ierve to give rome idea of the appearance and fcale
'Of the coafl; At half paft fix the longitude by the
watch was 9° 8' 30" E: Variation 14° 55' W .

.3, Latitude
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3. Latitude at midnight 78~ 231 46°: :Dip 800
45'. The weather fine, and the wind fait all day.
Running along by the coafi of Spitfbergen all day:
feveral Greenlandmen in fight. Between nine and
ten in the evening we were abreafl of the North
Foreland, bearing E b 5 f 5, diflance J t mile.
Sounded in twenty fathom; rocky ground.

4th. Very little wind in the morning. At noon
the latitude by obfervation was 79° 31'. Mag-
dalena Hook bore N 39° E diftant about four
miles; which gives the latitude of that place 79°
'34' ; the fame as Fotherby obferved it to be in
1614. Stood in to a [mall bay to the South ward
of Magdalena and Harnburgher's Bay: anchored
with the flrearn anchor, and fent the boat for wa-
ter. About three in the afternoon, when the boat

was rent 011 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
with a S SW moon; which agrees exaCtly with.

Baffin's obfervation in 1613. The flood comes
from the Southward. Went aibore with the aftro-
nomer, and inftruments, to obferve the variation.
A thick fog came on before we had completed the
obfervations. The Ihip driving, I weighed and
1100d out to fea under an eaiy fail, firing guns fre-

quently to thew the Carcals where we were; and if! ',

D z· Ids
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lefs than two hours joined her. Soon after, (about
four in the morning of the 5th) the Rockingham
Greenland Ship ran under our Item, and the mailer
told me he had juft fpoke with fame 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, I gave orders for
fteering in towards the Head Land; and if it 1hould
clear up, to fteer directly for it; intending to go
North from thence, till fame circumftance fhould
oblige me to alter my courfe.

5th. At five the officer informed me, that we
. were very near fame iflands off Dane's Gat, and
that the pilot wifhed to ftand farther out; I ordered
the Ihip to be kept N b W, and hauled farther
in, when clear of the iflands. At noon I 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 noife like the furf upon the Ihore ; I hauled
down the ftudding fails, and hailed the Carcafs to
let them know that I Ihould 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 fa
thick, and have every body up ready to follow our
motions inflantaneoufly, determining to ftand on
under fuch fail as Ihould enable 'us to keep the

{hips
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fhips under command, and Dot rifk parting corn-
pany. Soon after two fmall pieces of ice not.above
three feet [quare pafled us, which we [uPtl0[edr to
have floated from the fhore.. It was not long be-
fore we faw fomething on the bow, part black and
part covered with [now, v.:bi~h from the appea~-
ance we took to be iflands, and thought that. we
had not ftood far enough out; I hauled up im-
mediately to the NNW and was foon undeceiv-
ed, finding it to be ice which we could not. deal:
upon that tack; we tacked immediately, but the
wind and fea both feuing diFeCtly upon it, we
neared it very faft, and were' within little more ..-
than a cable's length of the ice; whillt- in ftays.
The wind blowing frefh, the fhips would have
been in danger on the lee ice, had not the' officers
and men been very alert in working the fhip, The
ice, as far as' we could then 'fee, lay nearly E b N
and W bS," At half pa'ft [even:in,the evening, the
fhip running e~tire1y to rhe Southward; and the
weather clearing a little, I tacked, end !toad for
the ice, When I faw it; '1bore down to make it
plain; ar'ten ,the ice lay from N W to Raft, and
no opening. Very foggy, and "litde wind. all day;
but not cold. At eleven came on a thick fog. At
half paft midnight, heard' the furge of the ice, and
hauled the wind to the'Eaftward. .

. .'. :"

D 3 6th.
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"6th. Cleal weather all day, and the wind E~:
fterIy off the ice.' - In the monrrflg I flood in to
make the land plain. At fix, was within femf
miles of the ice, which gore 'from ENE to
WNW; at ten near Vogel Sang;' at noon, lati-
tude obferved 79° 56/ 39(1; wind Eafterly. Can.
tinued . p.lying to. windward between the land and
the ice: was Within a quarter of a mile of the
ice, which lay fr0!11 ENE 'to NNW, when I
tacked at two in the •afternoon ; and within half \l
cable's length at midnight; the. Carc~(~ ""':;IS a great
way altern and tOI leeward all day: Being fo near
the laft rendezvous, I did not chljfe to bring to for
her, but was very §fi~io.us to avail myCelf of this
favourahte Qpponu!1i~)l, having the wind off the
ice and clear wearner"to fe~ whether then: was a;ny
(,)pGn.ing to the N E of the Head Land, By all the
accQunts. from the GreenJanclmeq this y'ear, and
particularly the laft aCCQuntfrom the RQc~ingharn,
as well as fmm wh:;lt we had fe~nO\lr[eh(es, the ice
appeared to b.e,quite c1Qre to the N W. Weh:J,d
feen it from ESE. to WNW. h ~3;s probable
that the [€!;I~ if open any where, would be [0 to the
Ealtward, where tbe GreenlandlT\en do not often
venture, for fear of being prevented from return-
ing by the ice join~ng to. Spitt;t;er:gel), Idetermined
therefore, fhould the wind continue in the fame
quarter next day, to fin4 whether the ice joined to

the
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the land, or was fa detached as to a}foJd me an op-
portunity of peffing to the Eaftward. In cafe of
the ice being faft 1could, with the wind Eafterly,
range clofe along the edge of it to the Wefrward.
~The weather e~ceedingly fine. At fix in the af-
ternoon, the longitude by the watch was 9° 43'

30" E.

7th. At five in the morning' the wind was Nor-
therly, and the weather remarkably dear. Being
near the ice I ranged along it. It appeared to be '
clofe all round; but I was in hopes that fome open-
lag might be found to get through to a clear Iea to
the Northward. I ran in amongft the fmall ice,
and kept as dofe as poffible to the main bQqy, not
to mifs any opening. At noon, Cloven Cliff
W ~ S feven leagues, At one in the afternoon,
,being ftill amongfr the loofe ice, 1 Ient the boat t.9
one of the large pieces to fill water. At four Wf:,

Ihoaled the water very fuddenly to fourteen fa...
thorn: the outer part of Cloven Cliff bore W ~N :
Reddiff, S <i: E. The "loofe ice. being open to the
ENE, we hauled up, abd immediately deepened
our water to twenty-eight fathom; muddy ground,
with {hells, At half paft four, the ice fening ver¥
clofe, we ran between two pieces, and ha\i;ing little
wind were ftopped. The Carcafs being very near,
and not anfwering her helm well, was almoft on
ho~d of us. Aner getti!lg clear of her, we ran

D 4- to
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to the Eaftward. Finding the pieces increafe in
number and Iize, 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
own 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 rent 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 Coonbe beret where we
were, and detained there. The ice fet fa faft
down, that before they got on board the Carcafs
we were faft. Captain Lutwidge hoifled our boat
IIp, to prevent her being ftove. We were obliged
to heave the thip 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 flop-
ped. The people in both Ihips being much fa-
tigued, and the Carcafs qat able to keep up with
US, without carrying Iludding-fails, Ifhortened fail as
Coonas we were quite out, and left orders to fland
to the Northward under an eafy fail: I intended,
having failed in this attempt, to range along the
ice to the N Vl, in hopes of an opening that way,
the wind being fair, and the weather clear; re-
Colving, if I found it all folid, to return to the Eaft-

ward,
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ward, where probably it might .by that time be
broken up, which the very mild weather encou-

raged me to expect:

,8th. Little wind in the morning, and a fwell
fetting on the ice, we were obliged to get the boats
a-head, to tow the fbip clear; which they effeCted
with difficulty. A breeze [pringing up when we
were within two Gables lengths of the main body
of the ice, ftood in for the land, and attacked at
two, to ftand to the N W for the ice; but the
weather coming thick between five 'and Ex, I Itood
in again for the land. It clearing up foon after, I
bore away again N W for the ice. At ten, Ipoke
with a Greenland Ship which had jun: left the ice
fill clofe to the NNW. Between eleven and twelve
the wind came to the S W, with an heavy fwell,
and thick weather. Double-reefed the topfails, and
tacked at twelve, to ftand in for Hacluyt's Head
Land, 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 £hip's water,
and be ready with the firft wind; off-or along the.
ice, to look out for an opening~ t and "run' in. To
avoid any inconvenience which from the experience
of the preceding day I perceived might happen,
. from too many running to one place on any fadden
order, I divided the people into gangs under the
midfhipmen, and ftationed them to the ice hooks,
poles, crabs, and to go over upon the ice when
wanted. 9

th
.

•
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9th. Having a fair opponunity, and SW wind,

flood to the Weftward; intending, when the wea-
ther was clear, to make the ice to the Northward,
.and run along it. About twelve, clearer; raw the
faft: ice to the Northward, and the appearance of
loofe ice to the NW: Itood directly for it, and ~ot
amongfl: it between two and three , fleering as
much to the Northward as the fituation of the ice
would permit. At fix obferved the dip S I 0 5ZJ•

At half pail (even, found the ice quite faft to the
Weft, being in longitude ~o 2.' E, by our reckon-
ing, which was the f~rtheft to th~ Wefrward of
Spitibergen that we got this- voyage. At eight the
fog was [0 v.ery thick, that we' could neither fee
.which way to "pufh for an opening) nor where the
Carcafs was, though very near us. That we might
not rifk partjn~ compallY with her, Iwas obliged to
ply to windward under the topfails, tqcking every
quarter of an hour to keep in the opening in which
we were, and clear of the ice which [urrounde<;l
us. At four, ip the afternoon we were in &00 36/.

loth. We loft the Carca,(s twice, in the night,
ft:om the vel1Y thick fog, and were working ~all
n~ght amongfr tq~ ice, ,making very fhort .tacks;
the opening b~ing[mall, and the floating ice very
thick about the fhip. The fituation of the people
from the very fatiguing work and wet weather, made
the moft minute precautions nece{fary for the pre-

s fervation of their health; we now found the ad-

vantage
•
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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-
flanding every attention, feveral of the men were
confined with colds, which affected 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 morn-
ing, when it cleared a little, we faw the Carcafs
much to the Southward of us. I took the oppor~
tunity of the clear weather to run to the Weflward,
and found the ice quite folid there; I then fl:ood
through every opening to the Northward, but
there allo foon got to the edge of tine folid ice. l
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 Imooth water, g.ave
-the Ihip Iuch way as to force through it with a vio,
lent flroke. At one in the afternoon, immediately
on getting out into the, open fea, we found a heavy
fwell fetting to the Northward; thol.\gh amongft
the ice, the minute before, the water had been as
fmooth as a mill panel. The wind blew. fl:rong at
SSW. - The ice, as far as we could tee from the
mafl: head, lay ENE: ' we fl:eered that courfe clofe
to it, to.look fOJ; an opening to the Northward. I
now began to conceive-that the ice was one com-
paCt impenetrable body, having run along it from
Eafl: to Weft above ten degrees. I purpoled how-

ever
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ever to ftand over to the Eaflward, in order to afcer-
tain whether the body of ice joined to Spitibergen.
This the quantity of Ioofe ice had before rendered
impracticable , but thinking' the WefterIy winds
might probably by this time have packed it all that
way, Iflattered myfelf with the hopes of meeting
with no obflruction 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.

r r th. At half pail: four in the morning the
longitude by the lunar obfervation was 9° 42' E.
And at the fame time by my watch 9° 2' E. Clo-
ven Cliff SSE, diflant eight miles. This would
make the longitude of Cloven Cliff 9° 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 W-S W. Little wind and a great Iwel]
in the morning. Calm mofb part of the day.

r zth. Calm all day, with a great fwell from
the SW, and the weather r.emarkably mild. At
eight in the evening longitude by the watch 10°

54' 30" E: Cloven Cliff'S W b S. The Carcafs
drove with the current fo near the main body of
the ice, as to be obliged to anchor; Ihe came to
in twenty-fix fathom water,
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13th. Calm till noon, the fhip driving to the

vVeftward 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
Iwell from the S W thefe two days. At two in
the afternoon it came on very fuddenly to blow frefh
from that quarter, with foggy w~ather: 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-
flead, open from the N E to the N W. The
Northeafternmoft point is the Cloven Cliff, a bare
rock fo called from the top of it refernbling a clo-
ven hoof, which appearance it has always worn,
having been named by [orne of the firft Dutch na-
vigators who frequented thefe feas.This rock be-
ing entirely detached from the other mountains, and
joined to the refl of the iiland by a low narrow ifth-
rnus, preferves in all fituations the fame form;
and being nearly perpendicular, it -is never dif-
guifed by GlOW. Thefe circnmftances render it
one of the moft remarkable points on the coaft.
The Northwefternmoft land is an high bluff point,
called by the Dutch, Vogel Sang. This found,
though open to the Northward, is not liable to any
inconvenience from that circumftance, the rna in

body
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bod y of the ice lying fa near as to prevent any great
fea , nor are fhips in any danger from the loofe ice
feuing in, as this road communicates with feveral

r- others formed by different iflands, between all
which there are fafe paflages. To all the founds
and harbours formed by this knot of ifIands, the
old Eoglilh navigators had given the general name
of Fair Haven; of which Fotherby took a plat in
16/4: that in which the Racehorfe and Carcafs lay
at this time they called the North Harbour; the
harbour of Smeerenberg, diftant about eleven
miles" (in which we anchored in Augult) they nam-
ed the South Harbour. Befides thefe, there are
. feveral others; particularly two, called, Cook's
Hole, and the Norways, in both which {everal
Dutch Ihips were lying at this time. Here tb.~
!hore being fleep-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 [now. I fixed upon a
[mall flat ifland, or rock, about three miles from
the (hip, and almoft in the center of thofe inand~
which form the many good roads herC', as the
propereft place for eretting a tent, and making
obfervations. The foggy weather on the r ath
prevented us from lIfing the inl1ruments that day.
J regretted this circumftance much, fearing it
would deprive me of the only probable oppor-
tunity of making obfervations on Ihore in thofe
high latitudes, as aUf water was nearly recruited:

however,
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however, having' little wind, with, the weather
very fair from the J5t11 to the rSth ill the morn-
ing, I made, the belt ufe of that time. Even in the
clearefl weather here, the fky was never free hom
clouds, which prevented our feeing the moon dur-
ing the whole of our fray, 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 aGlj.ufl:edto vibrate Ie-
conds at L011don. During the courfe of this ex-
})eriment, - a particular and conflant attention was
paid to the ftate of the thermometer, which I
'Was .furprifed to find differ [0 little about noon
and midnight; its .greatefl height was 5l:n·, at
eleven in the forenoon; fit ~idoight it was 51°.

On the 16th, at noon, the weather was re-
markably fine and clear. The fhermometer in the
fhade being at 49°, when expofed to the fun rare if)
a few minutes to 8sf't, and remained Io for fome
time, till a Iinall breeze fprioging up, made it faH
10° almoft inftantly. The weather at this time
was rather hot; fo that I 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 Icale, From this ifland 1 took a Iurvey, to

afc.rrain

t,
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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 t~ree feet. To try how far the"
accuracy of this furvey might be depended upon, I
took in a boat, with a {mall Hadley's Iextant, the
angles between feven objects, which interfected
exactly when laid down upon the plan. ~I had a far-
ther proof of its accuracy forne days after, by tak-
ing the bearings of Vogel Sang and Hacluyt's Head
Land in one, which correfponded exactly with their
pofition on my chart.

On the ]7th, the weather being very dear, 1
went up one of the hills, from which I cOJ1Jd fee
feveral leagues to the N E: the ice appeared uni-
form and compact, as far as my view extended.
During our fray here, we found the latitude of the
ifland on which the obfervations were made, to be
79° 50'; longitude ro" 21 30" E; variation 20°
38' W; dip 82° 7': latitude of Cloven Cliff 79°
53'; longitude 9° 59' 30" E: Hacluyt's Head
Land 79° 47'; longitude 9° I I' 30" E. The
tide rare 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.
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18th. The calm weather fince the J 4th had

given us full time to finifh the obfervarions, and
complete our water: a breeze fpringing up in the
morning, Iwent afhore to get the inflruments 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 Ilood 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 Iland to the Eaftward along the edge of the
ice, as Ioon as we could weather the point; hop-
ing, if there fhould be no opening between the land
and the ice, that I fhould at leafl 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 was all folid
as far as we could fee, without the leaft appearance
of water to the Northward.

19th. At fix in the morning we had got to the
Eaftward among the loofe ice which lay very thick
in fhore, the main body to th e North w-ar.dand Eafl;~
ward: the land near Deer Field not four miles off,
and the water fhoaled to twenty fathoms. Here
we found ourfelves nearly in the [arne place where
we had twice been flopped, the ice fituated as be-
fore, locked with the land, without any paflage ei-
ther to the Eal1ward or Northward: I therefore

E frood
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ftood back to the Weftward. At noon the North-
ernmoft part of Vogel Sang bore SW b S, diftant
about Ieven leagues. The weather being very fine,
and the wind to the Eaflward, 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 !hip's length.

zorh. At half after three in the morning the
land was out of fight, and we imagined ourfelves
ill rather more than eighty degrees and an half;
[orne of the openings being near two leagues deep, ,
had flattered llS with hopes of getting to the North-'
ward; but thefe openings proved to be no more
than bays in the main body of the ice. About one
in tbe afternoon, we were by our reckoning in about
80° 34', nearly in the fame place where we had
b en on the 9th. About three we bore away
for what appeared like an opening to the SvV;
we found the ice run far to the Southward.

z r fi, We !till continued to run along the edge of
the ice, which trended to the Southward. At noon
we were inthe latitude of 79° 2,6', by obfervation,
which was twenty-five miles to the Southward of
our reckoning. Finding that the direction of the
ice led us to the Southward, and that the current
fet the fame way, I flood to the Northward and
Weflward clofe along the ice, to try whether the

rea'
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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 fornetimes foggy.

22d. At two in the morning we bore away to
the N E, 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 SSE, to avoid being embayed
in it. The, air very cold.

23d. At midnight, tacked for the -body of the
ice. Latitude obferved 80° ) 3' 38/1. Rainy in the
morning; fair in the afternoon: ftill working up
to the Northward and Eaftward, with the wind
Eafterly. At fix, in the evening, the Cloven Cliff
bearing South about fix leagues, founded in 200
fathom, muddy ground; the lead appeared to
.to have fimk one third of its length in the mud. At
two in the morning, with little wind, .and a {well
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 fo clofe that we wore fhip, not having room or
way enough to tack; Itruck very hard againft the
ice in getting the Ihip 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 ~ been



52 J 0 URN A L.. [July.
been fo well ftrengthened, that they received no
damage from thefe flrokes , and I could with the I

more confidence pufh through the loofe ice, to try
for openings. Hacluyt's Head Land bore S 50"
W diflant about [even leagues.

24th. By this Iituation of the ice we were dif-
appointed of getting directly to the Northward,
without any prolpect after fa many fruitlefs attempts
of being able to fucceed to the Weflward , nor in-
deed, could I with an Eafterly wind and heavy
fwell attempt it, as the wind from that quarter
would not only pack the loofe ice clofe to the Wef];..
ward, but by Jetting the fea on it, make it as im-
proper to be approached as a rocky lee fhore. To
the Eaftward on the contrary it would make finooth
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 practicable to proceed. Finding the ice [0
faft to the North 'lard and Weflward, it became a
defirable object to afcertain how far it was poflible
to get to the Eaflward, and by that means purfue
the voyage to the Northward. Thefe coniidera-
tions determined me to ply to the Eaftward, and
make another pufh to get through where I had
been three times repulfed. In working to the Eaft-
ward, we kept as near the body of the ice as pof-
fible. At noon the Cloven Cliff bore SW bS

J

about



July.] J OUR N A L. 53
about [even leagues. At fix we were working to
the N E, 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 fum-
mer being more advanced, that we were enabled
to get farther than in any of our former attempts
this way. We continued coafling the ice, and at
two in the morning the north part of Vogel Sang
and Hacluyt's Head Land in one bore S 65° W;
Cloven Cliff S 52,° W; the neareft part of the
fhore about three leagues off. When I left the
deck, at four in the morning, we were very near
the fpot where the (hips had been faft in the ice
on the 7th in the evening, but rather farther to
the Eaftward , we had pafled over the fame fhoal
water we had met with that day, and were now. in
twenty fathom, rocky ground; 1lill amongft loofe
ice, but not [0 clofe as we had hitherto found it.

25th. At [even in the morning we had deepened
our water to fifty-five fathom, and were flill amongft
the loofe ice. At noon we had deepened our water
to ieventy fathom, with muddy bottom, at the
diftance of about three miles from the neareft
land. By two in the afternoon we had paffed
Deer Field, which we had [0 often before at-

E 3 tempted
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tempted without fuccefs ; "and finding the fea open
to the N E, had the moil: flattering prolpect of
getting to the Northward. From this part, all the
way to the Eaftward, the coail: wears a different
face; the mountains, though high, are neither fa
fteep or {harp-pointed, "nor of fo black a colour as
to the Weftward, It was probably owing to this
remarkable difference in the appearance or" the
Ihore, that the old navigators gave to places here-
abouts the names of Red Beach, Red HIll, and Red
Clijf. One of them, fpeaking of' this parr, has"
defcribed the whole country in a few words: "Here
" (fays he) I raw 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 afternoolr we had little
wind, and were in fight of Moffen Ifland, which is
very low and flat.

The Carcafs being becalmed very near the Wand
in the evening, Captain Lutwidge took "that oppor.,
tuniry of obtaining the following exact account of
its extent, which he communicated to me.

" At lOP M, the bod y of Moffen Ifland bearing
~, E b 'S diflanr 1\\'0 miles; founded thirteen fa-
" thorns ; rocky ground, with light brown mud,
"and broken {hells. Sent the mailer on {hare,
'" who found the ifland to be nearly of a round
~'form, about two miles in diameter, 'with a lake

" or
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" or large pond of water in the middle, all frozen
"over, except thirt-y or forty yards round the edge
" of it, which was water, with loofe pieces of
" broken ice, and fa Ihallow they walked through
" it, and went over upon the firm folid ice. The
"ground between the fea and the pond is frorri
" half a cable's length to a quarter of a mile broad,
" and the whole ifland covered with gravel and
" fmall ftones, without the leaft verdure or vege-
"tation of any kind. They UlW only one piece of
" drift wood (about three fathom long, with a root
" on it, and as thick as the Carcafs's mizen mafl)
" which had been thrown up over the high part of
" the 'fand, and lay upon the declivity towards the
"pond. They faw three bears, and a number of
"wild ducks, gee[e, and other fea fowls, with
" birds nefts all over the ifland. There was an in-
~, Icription over the grave of a Dutchman, who.
" was buried there in July 177[. It was. low 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 hom). towards
" it. On the Weft fide i-sa fine white fandy bottom,
" from two fathoms, at a Ihip's length from the
"beach, to five fathoms, at half a mile's diftance,

" off"
The foundings all about this' ifland, and to the'

Eaftward, feern to partake of the nature of tbe
E 4 coaft,
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coafl. To the Weflward the rocks were high,
and the {bores bold and fleep too; here the land.
fhelved more, and the foundings were fhoal, from
thirty to ten fathom. It appears extraordinary that
none of the old navigators, who are fa accurate and
minute in their defcriptions of the coaft, have
taken any notice of this ifland, fa remarkable and
different from every thing they had feen on the
Weftern coafl , unlefs we Ihould fuppofe that it did
not then exift, and that the ftreams from the great
ocean up the Weft fide of Spitfbergen, and through
the V\-Taygat's Straits, meeting here, have raifed
this bank, and occafioned the quantity of ice that
generally blocks up the coaft hereabouts.-c-A t four
in the afternoon, hoifted out the boat, and tried the
current, which Iet NEb E, at the rate of three
quarters of a mile an hour. At midnight, Moffen
Wand bore from S E b S to S b W, diflanr 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° 20' 45"
E; variation, by the mean of five azimuths, 120

47/ W. At nine we raw land to the Eaftward;
freering to the Northward with little wind, and no
ice in fight, except what we had pafled.
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27th. Working ftill to the N E, we met with

fame loofe ice; however from the opennefs of the
fea hitherto, fince we had pafled Deer Field, I 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 flopped
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 frill 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

0 59' 3df

E, by obfervation.
IE

z Sth, At midnight the latitude obferved was
800 37'. The main body of the ice frill lying in
the fame direction, we continued working to the
Eaftward, and found feveral openings to the
Northward, of two or three miles deep; into
everyone of which we ran, forcing the fhip,
wherever we could, by a prefs of fail, amongft the
100fe 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,
was 110 56' W; the horizon remarkably clear.
At noon, being clofe to the main body of the ice,
the latitude by obfervation was 800 36': we found-
ed in 101 fathom, muddy ground. In the after-
.noon the wind blew frefh at N E, with a thick

fa ;
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fog; the ice hung much about the rigging. The

loofe ice being thick and clofe, We found ourfdves

fo much engaged in it, as to be obliged to run
'back a confiderable diftance to the Weftward 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 ihip was IS0 161

45" E. At [even the Eafternmoft land bore E t N
diflanr about [even or eight leagues, appearing like
deep bays and iflands, probably thofe called in the
Durch charts the Seven lJlands; they Ieerned to be
furrounded with ice. I Itood to the South ward, in
hopes of getting to the Southeaftward, round the

ice, and between it and the land, where the water
'appeared more open.'

29th. At midnight the lati~l1de by obfervation
was 800 21 ', At four, tacked clofe to the ice,
hauled up the forefail and backed the mizen, top-
fail, having too much way amongft the loofe ice.
At noon, latitude obferved 80° 24' 56". An
opening, which we fuppofed to be the entrance of
Waygar's Straits, bore South; the Northernmoit

land NEb E; the nearef] Ihore diftant about four
miles. In the afternoon the officer from the deck
, came down to tell me, we were very near a [mall
rock even with the water's edge; on gOIng up, I
faw it within little more than a fhip's length on the

1 e bow) and put the helm down: before the {hip"
Jo

got
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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
Wands 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 [well from the Southward,
with little wind, and from ten to twenty fathorn :
having got paft this ifland, approaching to the
high land to the Eaflward, we deepened our water
very fuddenly to I I 7 fathom. Having little wind,
.and the weather very clear, two of the officers went
with a boat in purfuit of fame fea-horfes, and after-
wards to the-low ifland. At midnight we found by
obfervation the latitude 80° zi 3'\ and the dip
82° ~I i-. At four 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 rnen, and
were with difficulty prevented from f1:avingor over-
fetting her: but a boat from the Carcafs joining
ours, they difperfed. One of that fhip'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, \' VIe
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" We found feveral large fir trees lying on the

"fuore, fixteen or eighteen feet above the level
" of the fea: fame 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 flrokes of the hatchet in the leaft effaced.
" There were likewife fame pipe-flaves, and wood
"failiioned 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-
"modiouny placed for walking on: the middle
" of the illand is covered with mofs,fcurvy grafs;
"forrel, and a few ranunculufes then in flower,
" Two 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
" Iornewhat larger than a weafel, with fhort ears,
" long tail, and {kin [potted white and black. The
" ifland abounds with {mall fnipes, firnilar to the
H jack-fnipe in England. The Ducks were now
" hatching their eggs, and many wild geefe feedin~
H by the water fide."
When I left the deck at fix in the morning, the

weather was remarkably clear, and quite calm.
To the N E, amongft the iflands, I faw much ice,
hut alfo much water between the' pieces; which

gav~
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gave me hopes that when a breeze fprung up, 1
fhould be able to get to the Northward by that way.

30th. Little winds, and calm all day; we got
fomething to the Northward and Eaftward. At
'noon we were by obfervation in latitude 80° 3 [I~
At three in the afternoon we were in longitude
180 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 I 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 Ihip 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 a field.
The mafter returned between feven and eight, and
with him Captain Lutwidge, who had joined him
on fhore. They had afcended an high mountain,
from whence they commanded a profpeCt extending
to the Eafl and North Eaft ten or twelve leagues,
over one continued plain of fmooth unbroken ice,
bounded only by the horizon: they alfo faw land
ftretching to the S E, laid down in 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 .irt~nds, and from them to

- what
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what is called the North Eaft land. In returning,
the ice havirJg clofed much Iince 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 fbips 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 Iorne
ftreams of water; not a breath of air; the water
perfectly Imooth , the ice covered with [now, low,
and even, except a few broken pieces near the
edges: the pools of water in the middle of the
pieces were frozen over with young ice.

31ft. At nine in the morl1lng, having a light
breeze to the Eaftward, we caft off, and endea-
voured to force through the ice.. At 1100n the ice
was fa c1ofe, that being unable to proceed, we
moored again to a field. In the afternoon we filled
Our cafk with frefh water from the ice, which we
found very pure and [oft. The Carcafs moved,
and made faft to the fame field with us. The ice
mea[ured eight yards ten inches in thicknefs at one
end, and [even yards eleven inches at the other.
At four in the afternoon the variation was 12,0 24i
W: at the [arne time the longitude 19° 0' r5~'"E ;
by which we found that we had hardly moved to
'the Eaftward Iince the day before. Calm moil:
part of the day; the weather very fine; the ice

clofed
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clofed faft, and was all round the Ihips , no open-
ing to be [eeE. 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 {hip's company were playing on the ice all day.-
The pilots being much farther than they had ever
been, and the Ieafon advancing, feemed alarmed at
being beret.

Augufl; I ft. The ice: preffed in faft; there was
not now the fmalleft opening; the two (hips were
within lefs than two lengths of each other, Iepa-
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 thanthe main yard,
by the pieces fqueezing together, Our latitude
this day at noon, by the double altitude, was

80° 37'·
2d. Thick foggy wet weather, blowing frefh

to the Weftward , the ice immediately about the
fhips rather loafer -than the day before, but yet
hourly fetting in fa faft upon us, that there feemed
to be no probability of getting the fhips out again,
without a fhong Eaft, or North Eatl wind. There
was not the fmallefl 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 fea, formed almoft a bafon, leaving
but about four points opening for the ice to drift
out, in cafe of a change of wind.
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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 paifage by which we had come in from the
Weflward clofed t1p, no open water being in fight;
either in that or any other quarter. The pilots
having exprefled a wifh to get if poffible farther
ant, the Ihips companies were Iet to work at five
in the morning, to cut a paifage through the ice,
and warp through the (mall openings to the Weft-
ward. We found the ice very deep, having
[awed Iornetimes through pieces twelve feet thick.
This labour was continued the whole day, but
without any Iuccefs , our utmoft efforts not having
moved the fhips above three hundred yards to the
Weflward 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 Eafl-
ward, by the current; which had alfo forced the
loofe ice from the Weftward, between tl e iflands,
where it became packed, and' as firm as the main
body.

4th. Qpite calm till evening, when we were
flattered with a light air to the Eaftward, which
did not laft long, and h ad no favourable effect.
The wind was now at N VV, with a very thick feg,
the (hip driving to the Eaftward. The pilots Ieem-
ed to a prehend that the ice extended very far to
the Southward and Weftward.

5th.
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5th. The probability of getting the {hips out ap-

pearing every hour lets, and the feafon being al-
ready far advanced, fame Ipeedy refolution became
neceflary as to the fteps to be taken for the pre-
fervation of the people. As the fituation of the
fhips 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 Wand, returned this morning with an account,
that the ice, though clofe all about us, was open to
the Weftward, round the point by whick we came
in. They alfo told me, that when upon the ifland
they had the wind very frelli to the Eaftward,
though where the Ihips lay it had been almoft
calm all day. This circumftance confiderably
leffened the hopes we had hitherto entertained of
the immediate effect of an Eafterly wind in clearing
the bay. Vve 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 Ihips had driven into
fhoal water, having but fourteen fathom. Should
they, or the ice to which they were faft, take the

F . ground,
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ground, they muft be inevitably loft, and probably
overfer. The hopes of getting the Ihips out was
not hafl:ily 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
impoflible to winter them here, with any probability
of their being again ferviceable , our provifions
would be very ilion for fitch an undertaking, were
it otherwife feafible , and fiippofing, what appeared
impoffible, that we could get to the nearefl rocks,
and make [orne conveniences for wintering, being
now in an unfrequented part, where Ihips never
even attempt to come, we Ihould have the [arne
difficulties to encounterthe next year, without the
fame refources , the remains of the {hip's company,
in all probability, not in health; no provifions ;
and the fea not [0 open, this ~ear having certainly
been uncommonly clear. Indeed it could not have
been expected that more than a very fmall part
fhould furvive the hardfhips of fuch a winter with
every advantage; much lefs in our prefent Iituation.
On the other hand, the undertaking to move fa
large a body for Io confiderable a diflance by boats,
was not without very ferious difficulties. Should
we remain much longer here, the bad weather
muft be expected to fet in. The fray of the Dutch.
men to the Northward is very doubtful: if the
Northern harbours keep clear, they ftay till the
beginning of September; but when the loofe ice
fets in, they quit them immediately. I 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 hoiftei out
the boars, and took every precaution in my power
to make them Iecure and comfortable: the fitting
would neceffarily take up fome days. The water
[hoaling, and the Ihips driving faft towards the
rocks to the N E, I ordered -canvafs bread-bags to
be made, in cafe it fhould be neceflary 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 mull: inftantly have been crufhed
or overfer. The weather bad; moll: part of the
day foggy, and rather cold.

7th. In the morning I fei out with 'the- Launch
over the ice; fhe hauled much eafier than I could
have expected; 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 Ihips about a mile to the
Weftward. They moved indeed, but very flowly,
and were not now by a great deal fo far to the
V/eftward as where they were befet, However, I

F 2 kept
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kept all the ail 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 ,ejuitting 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 (hips did not alter by that time, I fhould not be
jufiified in ftaying longer by them. In the mean

time I refolved to carryon both attempts together,
moving the boats conftantly, but without omitting

any opportunity of getting the (hips through.

8th. At half paft four, fent twopilots with three
men to fee the Ilate of the ice to the Wefiward,
that J might judge of the probability of getting the
fhips out. At nine they returned, and reported the

ice to be very heavy and clofe, confuting chiefly of
large fields. Between nine and ten this morning,
1 fi t out 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
r turn on board between fix and feven. The (hips
had in the mean time moved Iornething through
the ice, and the ice itfelf had drifted fiill more to
the Weftward. At night there was little wind,
and a thick fog, fa that Icould not judge precifely
of the advantage we had gained; but I fiiJl feared
that, however flanering, it was not filch 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
Ihips being 10 uncertain, and the Iituation of the
people fa critical.

9th. A thick fog in the morning: we moved
the Ihip a little through fame very fmall openings.
In the afternoon, upon its dearing up, we were a-
greeably fiirprized to find the {hips had driven much
more than we could have expected to the Weft-
ward. We worked hard all day, and got them
fomething more to the Weflward through the
ice; but nothing incornparifon to what the ice it-
felf had drifted. vVe 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 Weflerly, and it fnowed faft. The peo-
ple having been much fatigued, we were obliged to

defift from working for a few hours. T11e pro-
grefs which the fhips had made through the ice
was, however, a very favourable event: the drift
of the ice was an advantage that might be as Iud-
denly loft, ~s it had been unexpectedly 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 [0 much of the ice, we began again to con-
ceive hopes that a brifk gale from that quarter
would foon effectually clear us.

F 3 roth.
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loth. The wind fpringing up to the NNE in

the morning, we fet all the fail we could upon the
.{hip, and forced her through a great deal of very
heavy ice: fhe ftruck often veryhard, and with
one Ilroke broke the Ihank of the beft bower an-
chor. About noon we had got her through all the
ice, and out to [ea. f Itoed to the N W to make
the ice, and found the main body juft where we
left it. At three in the morning, with a good breeze
Eafl:erly, we were ftanding to the Weftward, be-
tween the land and the ice, both in fight; the
weather hazy.

I I tho Came to an anchor in the harbour of
meerenberg, to refrefh the people after their fa-
tigues. We found here four of the Dutch Ihips,
which we had left in the Norways when we failed
from Vogel Sang, and upon which I had depended
for carrying the people nome in cafe we had been
obliged to quit the fhips, In this Sound there is
good anchorage in thirteen fathom, fandy bottom,
not far from the fhore : it is well Iheltered from all
winds. The ifland clofe to which we lay is called
Amfterdam Ifland, the Wefternmofr point of
which is Hacluyt's Head Land: here the Dutch
ufed formerly to boil their whale-oil, and the re-
mains of fame conveniencies erected by them for
that purpofe are flil! vifible. Once they attempted
to make an eftablifhmenr, and left fame people to
winter here, who all perifhed, The Dutch Ihips

f1:ill
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frill refbrt-te-this-place for the latter feafon of the
whale fifhery.

r zth. Got the inflruments on fhore, and the tent
pitched; but could not make any obfervations this.
day or the next, from the badnefs of t,he weather.

r gth. Rain, and blowing hard: two of the
Dutch fhips failed for Holland.

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

r Sth. Completed tbe obfervations. Calm all
day. Duringour flay, I again fer up the pendu-
lum, but was not fa fortunate as before, never hav-
ing been able to get an 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 anfwered 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 connect 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 geometrical1y with great care. By
repeated obfervations here we found the latitude to
be 79° 44" which by the furvey correfponded
exactly with the latitude of Cloven Cliff, determin-
ed before; the longitude 9° 50' 45/1 E; dip 82.°
8' ~; variation I go 57' W; which agree alfo with

F 4 the
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the obfervation made on Ihore in July. The tide
flowed here half pafl one, the fame as in Vogel
Sang harbour.
Oppofite to the place where the inflruments

ftood, was one of the moft remarkable Icebergs in
this country. 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 ~ater
ifluing out of it. The black mountains, white
fi10W, and beautiful colour of the ice, make a very
roman tick and uncommon picture. Large pieces
frequently break off from the Icebergs, and faU
with great noife into the water; we obferved one
piece hich 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. I Ihall
here mention fuch general obfervations as my
ilion fray enabled me to make. The Ilone we
found was chiefly a kind of marble, which diflolved
eafily in the marine acid. vVe 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 Iprings or rivers, the water, which we

found
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found in great plenty, being all produced by the
melting of the U10W from the mountains. During
the whole time we were in theie latitudes, there
was no thunder or lightning. I muft alto add, that
Inever found what is mentioned by Marten (who
is generally accurate in his obfervations, and faith-

ful in his accounts) of the fun at midnight refern-
bling in appearance the moon; I taw no difference .

in clear weather between the Iun at midnight and,

any other time, bur what arofe from a different
degree of altitude; the brightnefs of the light ap-
pearing there, as well as elfewhere, to depend up-
on tbe obliquity of his rays. The iky was in ge-
neral loaded with hard white clouds; [0 that I do
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 raw it,
by a brio ht appearance near the horizon, which the

pilots called the blink of tbe ice. HudCon remarked,
that the rea where he met with ice was blue; but
the green rea was free from it. I was particularly
attentive to obferve this difference, but could never
difcern it.
The Driftwood in thefe leas has given rife to ,.:..

various opinio 1S and conjectures, both as to its
nature and the place of its growth. All that which
we Iaw (except the pipe-Paves taken notice of by
Doctor Irving on the Low lfland) was fir, and not

worm-eaten. The place of its growth I bad no
opportunity of afcertaining, The



r oth. Vleighed in the morning with the wind at
NNE. Before we got out of the bay it fell calm.
I obferved for thefe three or four days, about eleven
in the evening, an appearance of dufk,

acth,
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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:
'Y. ith the wind blowing on the ice, the 100fe pans
were always, to ufe the phrafe of the Greenland-
men, packed; the ice at the edges appearing rough
and piled up , this roughnefs and height I imagine
to proceed from the finaller pieces being thrown up
by the force of the fea on the folid pan. 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
[quare lifted up between two much larger pieces,
and as it were becoming one with them; and af-
terwards this piece fa 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 fa filled with ice that the dif-
ferent pieces could have had no motion, had not
the flream taken an unexpected turn, and fet the
ice out of the bay.
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zorh. 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
Ilream of 100fe ice, and about four made the main
Ice near us. We {toad to the WNW along it at
night, and found it in the fame Iituation as whem
we faw it before; the wind frefhened and the wea-
ther grew thick, fa that we loft fight of it, and
could not venture to fland nearer, the wind being
SSW.

2 Ift. At two in the morning we were clofe ill

with the body of the Weft ice, and obliged to
lack 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 fprUl}g up Northerly, with a
thick fog; about noon moderate and clearer; bur
coming on to blow frefh again in the evening, with
a great rea, and thick fog, I was forced to haul.
more to the Eaftward , left we Ihould be em bayed,
or run upon lee ice,

The FearonW;lS [0 very far advanced, and fogs
as well as gales of wind [0 much to be expected,
that nothing mare could now have been done, had
any thing been left untried. The fummer ap-
pears to have been uncommonly favourable for our

purpofe,
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purpofe, and afforded lis the fullefr opportunity of
afcerraining 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 Imallefl appearance of any opening.

I Ihould here conclude the account of the voy-
age, had not [orne obfervations and experiments
occurred on the paffage home.
In fleering to the Southward we foon found the

weather grow more mild, or rather to our feelings
warm. .Augufr 24th, we raw Jupiter: the fight
of a Ilar was now become almoft as extraordinary
a phenomenon, as the fun at midnight when we
firfr got within the Arctic circle. The weather
was very fine for [orne part of the' voyage; on the
4th of September, the water being perfectly fmooth
with a dead calm, I repeated with Iuccefs the at-
tempt I had made to get Ioundings in the main
ocean at great depths, and flruck ground in fix
hundred and eighty-three fathoms, with circum-
frances (which will be mentioned in the Appendix)
that convince me I was not miflaken in the depth;
the bottom was a nne (oft 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 interrniflion,
which were confl:antly indicated feveral hours be-
fore they came on by the fall of the barometer,
and rife of the manometer: this proved to me the

utility
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utility of thole inftruments at fea. In one of thele
gales, the hardetl, 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 gUl1li overboard,
and bear away for fome time, though near a lee
Ihore, to clear the fhip of water. 1 cannot omit
this opportunity of repeating, that I had the great-
eft reafon on this, as well as every other critical oc-
calion, to be fatisfied with the behaviour both of
the officers and feamen. In one of thefe gales on the
r zth 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 atrnofphere,
This obfervation is the more interefling, as it agrees
with a paffage in Plutarch's Natural Qgeftions, 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 cliolen. Thefe
gales are as common in the Spring as in the Au-
tumn: there is every reafon to fuppofe therefore,
that at an early Ieafon we fhould have met with the
fame bad weather in going out as we did on our
return. The unavoidable necefliry of carrying a
quantity of additional flo res and provifions, ren-
dered the Ihips [0 deep in the water, that in heavy
gales the boats, with many of the flores, mufl pro-

bably
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bably have been thrown overboard; as we expe-
rienced on our way .horne, though the Ihips were
then much lightened by the confllmption. of provi-
fions, and expenditure of ftores. Such accidents
in the outlet muft have defeated the voyage. I At'
the time we failed, added to the fine weather, we
had the further advantage of nearly reaching the
J'atitude of eighty without feeing' ice; which the
Greenlandmen generally fall in with in the latitude
of Ieventy-three or leventv-four, There was alfo
moft probability, if ever navigation fhouJd 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 ftiJI remaining for
the purpofe of exploring the Ieas to the Northward
and Weflward of Spitfbergen.



APPENDIX.
Eflablilhment of 0 F FIe E R sand MEN for the

RACEHORS E.

ONE Commander.
, Three Lieutenants.

One Matter.
One Boatfwain,
One Gunner.
One Carpenter.
One Purfer.
One Surgeon.
One Surgeon's Mate.
One Cook.
Three Malter's Mates.
Six Midfhipmen.
One Captain's Clerk.
Two Qgarter Mafters.
One Qgarter Mafter's Mate.
Two Boatfwain's Mates.
One Coxfwain.
One Mafter Sail-maker.
One Sail-maker's Crew.
One Gunner's Mate.
One Yeoman of the Powder Room.
One Qgarter 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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Tably of Days Warks.

Dayaft e C r:
M ourie.ant. Diflance. Latitude in

55
35

Longitude,

Variation
Well:.

Magnetic.
Obfervations.

Bearings and Diflances.---- -----l.- . _

By' the Watch. By Kendal.,

'---1-----

July

6. '. . .•
'"I N 2t E
8 S 54 W
9 NW
10 NW
I 1. • • •• •

I2N 15 E
13 N by E
14 N 29 \V
I 1;.. • • • I •

16 N 27 E
17 N 6 E
18 N 4 W
19 N .':t,W
20 N 30 E
21 N 5 W
22 North
23 N 2 E
24 N 41 E
25 N 68 E
26 N 58 E
27 N 21 W
28 N to W
29 N 26 E
30 N 37'E
1 N 7 W
2 N 31 W
3 North
4 N 2 E
5 N 33 W
b. •

7' .
8. . . '.
9N 47 W
10 Wdt
) 1. •

12 .

27
147
141
54
59
60
161

97
81
II6
33
5 I
137
28
20
It
15
12

57
17. .

..'. .

° ° ...
I 30 15 E 1 59' °E · .
o 37 0 Ell 9 45

56 28
59 32 obf. 0 3 oW
60 17 obf ° 56 45 W
60 io obf ° 39 oW
60 29 obC .• . I •

62 59 obf. .0 19 45 W ° 26 45 E
6 S 18 obf . I ° 30 W ° 1 I 4S W
66 14 I 7 °W ° 19 45 W
67 5 .. . ." .
68 50bf. 0 37 0W 0 20 0 E
7° 45
72 2Z
73 22
74 5 obf, 8 14· 0 E 9 29 30
74 25obf. 9 r8 IS 1°4445
75 21

77 36 8 ° 15
77 59 obf. 9 1 °
78 ~ obf 9 18 °
78 13 obf . • •
7823 obf. 9 35 30
78 36
79 3 I obf.
79 55
79 57 obC 9 5 °

52 17 obf
54- ° obf
53 39 obf
S4- 5 obf
Sf 27. . . I 55 30 W

. . . .

. .
. . . . . . ..

By Arnold.

/I o I /I°
I 45 15 E· . .
I 5 15

· . · .
I 22 3° I 33 IS
· . · .° 36 IS E ° 27 IS E I

° 25 oW 0 17 oW 2-
° 10 IS W ° IS -i-SW 0

. ..'.

9 29 45
10 35 30 '
10 57 30. .
IIS7 15

. .
10 50 30 rI 49 45

. . . . . .
. .,80 290bC

80 29
80 4- obf. I. •. . . . 13 13 IS 14 18 IS

By Lunar By the
Obfervariops. Reckoning. Dip.

-;- --;;-:--\-0--1--0-- -----~-..-.-_...-.-~-------------~---
· . . . . . . . 73 22 •• Southwold, WNW t N, diflance 3 leagues.
• • • • 2. 39 E . Southwold, S 27° W, diftance 36 leagues.. . ° 56 ....•. Southwold, S 10° 30' E, difiance 22 leagues.° 12 .,. • South wold, S 22° 10' E, diftance 35 leagues.
• • I. • 0 31 WI' . . . . . South wold, S 27° 50' E, diftance 47 leagues.

• ~ In Whitby Road.
I ° .,. . Whitby, S IS° W, difiance 41 leagues.

39 IS E ° 10 E . . Whitby, S 12° 40' W, diflance 103 leagues.
+2 30 E ° 40 W 73 30 2 I S3 Whitby, S 6" 10'W, diflance 122 leagues. Hangcliff,OS S9°W"IO or II miles.
26 oW. . . . 75 ° 23 46 Hangcliff, S 55° W, difiance 10 or II miles.° 3I 76 45 . . . Hangcliff S 27° W, difiance 9 leagues..° 2 W . 19 2. 2 Hangcliff, S 9° 3+' W, difiance 56 leagues.° 17 Hangcliff, S 3° 30' W, diftance 102 leagues." . ° 27 '... ' 19 I I Hangc1iff, S 2° 52' W, diftance 121 leagues.

o 46 E . . .. . Hangcliff, S 60 14.'W, diflance 138 leagues.
o 32 ... 23 18 Hangcliff, S 3° 44' W, difiance 157 leagues.~ . ° 32 77 52 . • . Hangcliff, S 28' W, diftance 21 I leagues.
o 46 . • . Hangcliff, S 28' W, difiance 2403 leagues.
3 53 81 30 . . . Hangcliff, S 7° 59' W, difiance 265 leagues.

I I I I 30 E' 9 44 79 30. 17 9 Hangcliff, S 16° 9' W, difiance 289 leagues.
10 10 ° I I 46 79 22 7 47 Hangcliff, S 18° 38' W, difiance 296 leagues.

9 43 ... . . . Hangcliff, S IS° 17/ W, difiance 3 I4 leagues.
8 52 81 7· . . Hangcliff, S I 1° 6' W, diftance 350 leagues.
9 48 80 26 . . . Hangcliff, SilO 24 W, diftance 360 leagues.
10 58 79 go I I 38 Black Point, ENE ~E, diftance 9 miles.

• 10 53 Black Point, Eaft, diflance 18 miles.
" .'. • 10 IS ....•. Black Point, S 61° E, diftance 27 miles.

10 IS 80 45 14 55 Black Point, S 42° E, diflance I 1 leagues. .
9 57 .,. .. Magdalena Hook, N 25° E, diftance 4 miles.
9 7 . Magdale~a Hook, S 33° E, difiance 17 miles.
• • • . . ., . . Vogel Sapg Point, S ~3° E, difiance 5 leagues.

. . . • . Cloven Gliff, S 65° W, difiance 5 leagues.
• . • . . . . . . .'. Cloven aliff, S 2b.o W. Vogel Sang Point, S 48° W, difrance 7 or 8 miles.

5 56 8 I 52 . Vogel Sapg Point, S 4-7° E, difiance S5 miles.
2 21 ••. " Vogel Sang Point, S 63° IS' E, difiance 84 miles.

E . " . Vogel Sa1ng.Point, S 48° W, diftance 9 miles.
. Vogel Sa1ngPoint, S 25° W, difrance 6 miles.

°

. . . . . .

. . .

. .'

~ .
· '. .· .. ~
· . .

9 32· . . .
G Table
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Dayofthe Courfe.
Month.

34-
17
21

79 44-
.

9 50 45 12 46 J 5
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Table of pays Works.

I •

. .

Longitude. Magnetic
Obfer vations. Bearings and Diftances.Diflance, Latitude in --.-:- _

By the Watch. By Arnold.
~--------------. ----'---

Variation
Wen:,----1----- -- ---- --- ---

July 13.
14-1•
IS .
16 .
17 .
18. .
19 . .
20 N 58 W
21 S 10 E
22 N 32 E
23 N 57 E
24· .
25· .
26. .
27 N 23 E
28 N 70 E

29 S 58 E

Ii. •

3° .
3 I .

Auguft I.

2 .
3 .
4·
5 .
,6.
7 .
8.
9·

• " t_

" . .

10 • . .
I I .

12 .
13 .
14 .
IS .
10.
17.
18 .
19 . .. . .

Table

° o I Ji

79 53
.

10 :2 30 E 12. .
. .

80 27
79 27 obf .
80 1 •••
80 24 .,
80 16

80 17-
80 48 14 50 go
80 36 obC IS 13 45
80 :25 obf . • .

80 31 obf. 18 33 °
• • • • • NJ. ° 15
80 37 obf . . .

· .
·..
'j
'.' . .· .

. . .

o /

. .

. .

· .

· . , .
15 45 °17 6 °
20 18 °20 45 °
· .

. . .
.. . . .
· . .
· . .

· .
· .

. . . .

. .
· .

By Lunar By the
Obfervarions, Reckoning. ---1---1---·--..._----------;--:-/-1 °

• " . • '.' i" 1
• • • I • '" I

8 I 52t ' S
82' 7 :20 38 rln Vogel ang •

· I
· J

. . . The North End of Vogel Sang, SIS 0 W, difiance 8 leagues.
· Cloven Cliff, S 58° E, difiance 22 leagues.
· Cloven Cliff, N 63° 18/ E, difiance 21 leagues.

. . . . Cloven Cliff, S 82° J 5/ E, difiance 10 leagues.
· Vogel Sang, S 4° W, diftance 9 leagues.
· Cloven Cliff, S J SoW, 7 leagues. ,

. . . The Wefier mofi Land off Cloven Cliff, S 88° W.
. . . . . . . Cloven Cliff, S 6 lOW, diftance 40 miles.

12 47 Cloven CIifE S 42° W, diftance 23 leagues.
I I 56 Cloven Clifl1 S 58° 46/ W, diftance 26 leagues. . .

l Northernmoft Land, N 440 E, diftance J ° miles. The middle of the
. . . . • . ~ Opening, fuppofed the Waygat, S 120 E.

. . The Wefiernmoft of the Seven Iflands, N 30 E. Table Ifland, N 140 E.
• . The Wefternmofi of the Seven Iflands, N 60° W, diflance 7 miles.

12 24 Black Point, S 750 W, Table Ifland N 45° E, diflance 7 miles.
· Black Point, N ~oo W, diftance 4 leagues.
· Black Point, S 50° W, Great Table 111and, N 23° W.

.. . Black Point, S 78° W, Great Table Ifland, N 19° W.
· Great Table Ifland, N '27° W.
· Black Point, S 61° W, Table Ifland, N 39° W.

. .. . . Black Point, S 61° W, Table Wand, N 46° W.

. . . . . Table Ifland] N 35° W, Black Point, N 62° W.
· . . . . .. . A thick Fog.! .

S The Wefiernmoft of the Seven Iflands, N I6Q W. Black Point, S 32° E,
" . 1 diftance 3 leagues.

S Hakluyt's Head Land, S 31° W, diflance 3 miles. The North End 0
. . . . 1 Vogel Sang, N 67° E. .
It • 'It It 1 .

. . . . " . '·1 '· . .
8,; . I8 .> At Smeerenberg.

~: : : 5~ I
• It It It It J

•• 14 42
· . 15 30

.;' 18 18

/I

. .

°

. .
oE

It It It It

. .
-. .. . .

. .
. ..

It It It It

.. . .
• It It It

4- 52 E
4 29
6 32
· .
· -· . .

· .· . .
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· . . .

°
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Obfervations.

Table of Days Works.I Magnetic
Day of the Courfe. Diflance. Latitude in
Month.

.:Longitude,

By the Watch. By Arnold. By Lunar By the
Obfervations. Reckoning.,--------

Auguft 20 N 340W 30
21 S 83 W 50
22 S 14 W 42
23 S IS E139
24 S 12 E 77
25 S 25 W 48
26 S 23 W 127
27 S 28. W 56
28 S 61 W 44
29 SSE 70
30S4IE 54
31 South 96

Sept. I S 64 W 7
2 S 12 E 33
3 S 5 W 133
4 S 8 W 60
5 5 17 W 63
65 5'W 92
7 5 17 W 142
8 S 59 E 5 I

, 9 S 32 E 31
105 43 E 96
I J 5 7 W 33
12 5 '17 E 42
135 14 W 55
14 S 66 W 61
r c S 14 E 69
16:) 21 W 83
I7S 59W 6
18 S 8 W 19
19 ,) 37 \"l 14-
~20S 36E IS
2 I ) 24 E 16
22 W by N 55
23 S 50 E 39
24 N 80 W 63

25 . .. j' •

°
7 40 E
2 54
1 56
4 58
6 13
4 51
I 46
° 14
,149 W .
I 28
° 18 E
° 18
° 2
° 38° 8
o 12 W
° 54
I 12
2 35
I 9
° 37
I 40 E
I 32
I 55
I 31

° °° 29
o I

° 7 W° II
° 29° 16
° 5
I 35
° 49
2 33

Dip. Variation
Weft.

Bearings and Diflances.

° 'II
,--- --~- ~---II---I---I---""'---""""~-------,,,,---,,--

°· .
o o , o , /I II

80 II
80 5
79 24-
77 10
75 .58 obf. .
75 IS obf. .,
73 19
72 29 obf.
72 9
7° 59
70 17 obf. .
68 47 obf. 3 24- °E 6 28 30 E
68 4+ .1..
68 I I obf. .,
65 59 obf 2 41 30 E 6 8 45 E
64 59 obf . . . .
64- ° "
62 29 6 58 30 E 4 7 IS E
60 14 obf.
59 48 obf. .,.
59 22\ obf. ..
58 9 obf • .
57 37 obf, .
56 57 obf.
56 4 obf " •
55 40 obf.
54 33
53 IS
53 12
52 53 obf. .
52 42
52 31 obf.
52 17 obC
52 28 obf.
52 4- obC
52 16

· . . . . .
. .
· . .

· . . .
e . . .

.. .
, .

· .. . · .
· .
· .· .. .
· .
· .. . .

'. . './. . . -
:1
J

I' •
., .

• I . . · .
• · .. . .

'0 •

. . .
. . · .
o 43 4S E 3 24 25 . .

I

° , "

. .
· Hakluyt's Head Land, S 34° E, diftance 10 leagues;
· Hakluyt's Head Land, S 74° E, difiance 70 miles.
· Hakluyt's Head Land, N 74° 27' E, difiance 82 miles.
· Hakluyt's Head Land, N 16020' E,diflance 188 miles.
· Hakluyt's Head Land, N 9° ,34-' E, diflance 232 miles.
· Hakluyt's Head Land, N 110 30' E, difiance 278 miles.
· Hakluyt's Head Land, N 14° 30' E, diflance 133 leagues.
· Hakluyt's Head Land, N IS° 18' E, diftance 151 leagues~
· Hakluyt's Head Land, N J9° 2 II E, diftance 162 leagues.
· Hakluyt's Head Land, N 16024' E, diftance 183 leagues.
· Hakluyt's Jtiead Land, N 140 IS' E, difiance 195 .leagues.
· Hakluyt's Head Land, N 110 44' E, difiance 225 eagues ..

24 17 Hakluyt's Head Land, N 12° 16' E, difiance 227 eagues.
· Hakluyt's fIead Land, N 100 5i E, difiance 237 leagues.
· Hakluyt's Head Land, N 100 14' E, diftance 280 leagues.

22, 14 Hakluyt's Head Land, N 120 51' E, difiance 303 I agues.
25 46 Hakluyt's Head Land, N t o" 38' E, difiance 321 I agues.

· Hakluyt's Head Land, N 10° 12' E, difiance 351 I agues.
· Hakluyt's L-IeadLand, N 10" 39' E, difiance 394 ·leagues.
· Hakluyt's ~ead Land, N 90 16' E; difiance 4-°3 le gues.

. . Hakluyt's Head Land, N 80 43' E, difiance 413 l<tagues.
Hakluyt's Head Land, N 60 25' E, difiance 435 leagues.
Hakluyt's Head Land, N 50 15' E, difiance 44-6leag es.
Hakluyt's t;Iead Land, N 6" 3' E, difiance 459 leagu s.

· Hakluyt's Head Land, N 60 IS' E, difiance 477 leagu s.
· Hakluyt's £:lead Land, N 7° 27' E, difl:ance 486. leag es.
· Hakluyt's i;Iead Land, N 6° 56' E, difiance 507 leag es.
· ·Hakluyt's Head·Land, N 79'2' E difiance 535 leagpes;
· Hakluyt's Head Land, N 7° 4' E, difiance 537 leagues.
· Hakluyt's Head Land, N 70 6' E, difiance 543 leagues.

. . Hakluyt's ~ead Land, N _7° 5' E, difiance 546 leagues.
20 47 Hakluyt's Head Land, N 7° E, difian'ce 550 leagues. .
. . Hakluyt's Head Land, N 70 E, dillance 555 leagues.

· Hakluyt's Head L,wd, N go E, difiance 552 leagues.
· Cat wick, N 620 E, difiance 12 leagues. ,
· Orfordnefs, SW by", difiance 5 miles.
.5 In Hofely Bay, ~rfordnefs Lighthoufe N 36° 30' E. Horely Church,
l S 82° W, dlfiance from the !hore, I mile.

· .

79 4

· .
· .

. " .

OBSERVATIONS

85
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OBSERV ATIONS on different M£THODS of mea-
[uri~g a SHIP'S VV-AY.

THE degree of accuracy with which the di-
france 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-
cumflances which may occafion errors in the reck";
oning, and which, though not depending upon the
meafure of the fhip's way, may ill 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
nearly upon a meridian; [0 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 imperfections in
the manner of meafuring the diftance.Moft of
the writers on this fubjett 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 157°,
was iuvariably marked forty-two feet to thirty fe-

K conds.
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conds.· Norwood, when he publifhed his Seaman',
Practice, flared the true rneafiire to be fifty-one
feet to thirty feconds , but, as the Ihip would really
run more than is given by the log, and it is right
to have the reckoning ahead of the Ihip, 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
obtervations : Sir Jonas Moore in his Navigation
which was publifhed in the reign of Charles II.
mentions, that the .Ieam en, having found the old
log 110t to anfwer, had Ihortened the glafs to
twenty-five feconds, which was equal to a line
marked fifty feet with a glafs of thirty feconds ,
but he rather recommends refto,ring the half mi-
nute glafs, and making the correction on the line.
Since that time the' fearnen, whether from finding
the allowance of one foot in fifty not a fiifficient
compenfation for the accidental errors to which the
log is Iubject, or from a preference of a meafure
nearly equal to the ftatute mile, have ufed a line ~f
forty-five feet to thirty feconds, or a glafs of
twenty-eight feconds to forty-two feet.
All the writers I have met with, who have treat-

ed of the log, except Willon, have complained of
the feamen not having adhered to Norwood's mea-
Cure. Norwood hirnfelf, however, feerns to have
been aware of the neceflity of Iubmitting to the
ten of experiment the advantages of a new mea-

Iurement
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furement derived from theory. In the preface to
his Seaman's Prattice he fays, " Becaufe J am per-
H fuaded we have at this day as many excellent na-
" vigators in this kingdom, and as great voyages
" performed, as from any other place in the world,
" I fhould be glad to hear of the experimental re-
" folution of this problem by fame of them, though
" it were but running eight or ten degrees near the
" meridian; for [0 I doubt not but what Ihave
" here written thereof, would receive further con-
" firrnation and better entertainment than happily
~, it will now, being fo much different from the
" common opinion." .......
Had the errors 'in the diflance arifen only from

a fault in marking the line, nothing would have
been more eafy than to have removed that diffi-
culty, by comparing carefully the different mea-
fures 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,
it becomes difficult, or rather impoflible, to find
any length of line which will {hew invariably the
diftance run by the {hip, or even to afcertain with
preci[lOn that meafure which will at all times come
neareft the truth. Some of thefe circumftances

are:
r , The effeCts of currents.
2. The yawning of the {hip going with the

wind aft, or upon the quarter, when {he is feldorn
K z fteered
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fleered within a point each way: this I mention as
an error in the diflance, and not in the conrfe ;
fince, tbough the fhip by being yawed equally
each way may make the intended courfe, good upon
the whole, yet the diftance will be fhorrened as the
verfed fine of the angle between the line intended
and that fleered upon.
3· By the fhip being driven on by the fwell, or

the fog during the time of heaving being thrown.
up nearer the 1hip.
. 4· By the log coming home, or being drawn after
the1hip. by the friction of the red 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 fornetimes more, fometimes
" lefs, cannot be brought to any certain rule, but
,. filch allowance may be made as a man in his ex-
" perience and difcretion finds fir." .
5· J:3ythe log being only a mean taken every

hour, and confequentJy liable to error from the
variations in the force of the wind during the in-
tervals, for which an arbitrary correction is made
by the officer of the watch; and though men of
1kill and experience come near the truth, yet this
allowance muft, from its nature, be inaccurate,
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There circumflances did not efcape M. Bou-
guer's attention,' and his ingentlity fuggefted to
him an improvement of the common log, which
would cotreft the errors likely to arife from the
moft matetialof there circumftahces: a defcrlptiori
of this improvement he publifhed at hirge in t116
Memoirs of the Academy of Sciences for the year
1747; 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 reputatioH bf the aU-
thor, as well as the very good reafons he offers ih
favour of his improvement, were fufficient ihduce-
rnents to me to try the experiment,
In the log which Imade ufe of,
The length of the cone was 12 inches.
The diameter of the bare 5 lId'
The weight of the cone -.:. - 2S' ounces.
The diagonal length of the diver J4 inches.
The length of each fide - gt.
The weight of the diver 26 tounces.
The length of line from the diver to lihe cone,

50 feet; the log line 5 I feet to a knot,

Whether M. Bouguer's log win (as he expected)
correct the errors' arifing from currents in the com-
mon log, I had no opportunity of di.fcovering in
this voyage.

The fecond error, which no log wil1cotrea,
cannot be attended with any pad effeCt~ as if muft

K 3 make
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make the reckoning, in whatever degree it takes
place, ahead of the Ihip,

By obferving M. Bouguer's rules in cornparin g
it with the common log, which fOJ; that purpofe
muft be reckoned at fifty-one feet, it will, I think,
very fully correct the third and fourth, which are
the mofl material errors; as the agitation of the
fea from winds does not exceed the depth to which
the diver is let down, and the weight of the whole
machine prevents the friction of the reel from hav-
ing an effetr in any degree equal to that which it
has on the common log.

The fifth arifes from the imperfetrion it has in
common with the log generally ufed.

At firfl, on the paffage 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 common log were on the fame fide as
the meridian ob(ervation required. I found that it
was neceffary to take care that the diver Ihould be
of fuch a weight as to let only the top of the cone
fwirn , but not heavy enough to fink it, as in that
cafe it would be liable to an error in excefs, by mea-
furing the depth that the diver would fink in addi-
tion to the (hip's way. It was neceflary 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 whilfl: the fl:ray line is run-
ning off the reel when the fhip has much way

through the water.
On the paffage out, the longefl: 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 afl:ern of. the
fhip : but as it appears that the (hip on the, twenty-
fixth, with the wind Northerly, and making barely
an Eafl: courfe, was found by the obfervation to be
twenty miles to the Northward of her reckoning,
that difl:ance muft be attributed to a current; there-
fore if that current had not taken place, Bouguer's
log would have been, infl:ead of eighteen miles
afl:ern, two miles ahead of the {hip. ,
On the pafI"agehome 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 withoqt any other caufe.
The flare of the common log on the paffage out,

when the weather was remarkably fine and water,
in general fmooth, was, from the latitude of fixt)"
degrees thirty-feven minutes to feventy-eight de-
grees eight minutes, with the line marked fifty-

K 4 one



In the following table the coune is pU~ down, in
the firfl colum, for all the diftances and latitudes ,
after the diitance and latitude, 'acc('}rdi,ng to each
marking of the log, there is a column ror the dif-
ference betweel'1 that latitude, and. the latitude ob-
ferved. J. thought. it. beft, to, continue trh.e reckon-
iugs without corrections, as if there had been- no
obfervation, in ardell to {'hew the difference upon
the whole run, as well as.from one obkrvation to an-
other. TAB LE
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one feet to thirty feconds, one degree fifty-eight
minutes :i\il:ernof the Ihip, with the line marked
forty-five feet to thirty feconds, four miles ahead
of the lhip. On the paifage home, the log at
fifty-one feet to thirty feconds, thirty-five miles
aftern of the fhip , ~~ forty-fiv,e to thirty feconds,
one degree feven mimltes ahead of the {hip. As
far therefore as the expe~ience of this voyage ex-
tends, it appears that 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
Ihort of the run; but that Bouguer's ismuch 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 [0 much
confequence as the log.. I thought it right, howe-
ver, to give an account of the trial Imade of the
dIfferent methods, and of fiich remarks as qccured
to me.
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Diflance.

2-6
131
126

52
57
58
14386
78
QC;

Difference between
the Latitude by
Account and
Obfervation.

Latitude
bv

Obfervation. '

o

60 29
62 59
65 18

68 5

-,



A P P E N D I X. 95

T
,-

I
A B L E.

On the Voyage Out. I
By the Common Log, By the Common Log, By the CommOn LQg, By Bouguer's \ .Difference of Bouguer's Lqg, increafed by

marked 4-9Feet. marked 4-5Feet. marked 51 Feet. Log, marked Ithe Diftance by ~ of the Difference of the

Dayof the
5 I Feet. /the Common Difiance b~ the Common

Courfe. and Bouguer's and Bouguer's Log. LatitudeMonth. -- -' ----~----------- ----...: /Log, each mar- ---~---Difference between Difference between

! Diflance,
Difference between Difference between bv

Latitude the Latitude by Latitude the Latitude by Latitude
the Latiuie by

.arirude ked 5 I Feet. Laritud the Latitude by Obfervation.Diflance. by Account and Diflance, by Account and by Account and Diflance. by Diilance, by Account andAccount. Obfer varian. Account. Obtervat ion. I Account. Obfervarion, Account. Account Oblervation.------ -- --- --- ---- ---
0 0 0 0 0 I 0 0 0

June 16 N 27 E 27 60 37 ° 8 29 60 39 ° 10 2-6 60 36- 0 7 . · · · · · · · · 60 29
J~ N 7 E .136 62 52 0 7 14-7 63 5 0 6 131 62 46 0 13 · · · • · 62 59/18 N 7-W 131 65 2 ° 16 Ifl 65 25 0 ·7 126 64 51 0 27 · · · • · 65 18
19 N 4-W 54- 65 56 58 66 23 · . · · 52 65 43 · · . · · · • ·20 N 30 E 59 66 4-7 63 67 17 · · 57 66 32 · · · • ·2J N sW 60 67 4-7 o 18 65 68 22 o 17 58 67 30 o 35. · · · · · · · · · · 68 522 North 14-9 70 16 16r 71 2 · • 14-3 69 53 · . · • · · · · · · ·23 N 2 E 89 71 4-5 97 72 4° 86 71 J9 · . · · · · · · ·24 N 41 E 81 72 +6 • . 88 73 4-6 78 72 18 · · · · ·25 N 73 E, 99 73 IS 0 5° 107 74- 18 0 13 95 72 42 1 23 · · · . . · · • · . . 74- 526 Eafi 33 73 15 I 10 36 74 18 0 7 32 72 42 I 43 33t 74- 5 It 34- 74- o 20 74- 25
27 N 21 W 59 74- 10 64- 75 18 57 73 35 64-t 75 5 7t 66t 75
28 N 10 W 126 76 14 137 77 33 • . 121 75 34- 126 77 9 5 127~ 77 · .
29 N 26 E 28 76 39 I 20 3° 77 59 ° 0 27 75 58 2 I 27 77 34[ 0 27 77 3 ° ~3 77 5978 12 76 10 58 I

3° N 52 E 20 70 51 J 17 22 0 4 19 I 21 77 4-7 2 214: 77 5° 0 18 78 8

On the Voyage Home.

Augun 20 N 34 W 3° 80 12 32 80 14- 29 80 II . . . · • . · · ,21 S 83 W 5° 80 5 54 80 8 4-8 80 5 5° 80 5 2 SOt 80 4;k
S 14 W 4-2 79 24 45 79 24 4° 79 26 · ·. 41 79 25 I 4J.]: 79 2~~22

23 S IS E 139 77 10 • . I'5I 76 59 133 77 18 14·2 77 8 9 I4-4-~ 77
24- S 12 E 77 75· 55 0 3 83 75 38 0 20 74- 76 6 0 8' 78 75 52 4- 7~L ..75 4: '. 0 9 75 58
25 S 25 W 48 7S 12 0 3 52 74- 51 0 24 4 75 24- 0 9 S° 75 7 4 5 I - 75 ' 3 0 12 75 15

72 45 )22 73 32 13° 73 7 8 13,2 73 I.!.26 S 23 W 127 73 19 137 "
'27 S 37 W 45 72 4° o II 49 72 6 o 23 43 72 58 o 28 4-6 72 3° 3 46~ 72 2+ 0 5 72 29
28 S 61 W 4-4- 72 19 48 71 43 42 72 38 4-5 72 <) 3 45! 72 . '2
29 SSE 7° 7) 9 76 70 38 67 '7 I 3 I 77 70 52 ~o 791- 70 43 .

S .p E 54 70 '29 o 12 59 69 4-3 o 34- 52 70 52 o 35 55 7° II 3 55~ 7° I o 16 7° 173° South 86 69 3 93 68 10 ~3 69 29 86 68 45 3 861. 68 34:F · · 4

564 W 7 69 7 68 7 7 69 27 4 68 3 3 3i 68 32
Sept ember J 0 . . • . · .

S 12 E 45 68 14- 0 3 49 67 19 0 52 43 68 44- 0 33 51 67 53 8 S3t 67 40 o 31 68 J I
'2 64 52 66 34-. 653 5 5W 138 65 57 0 2 14-8 1 7 121 0 35 . . • I' . · · · · · · . 59

K 5 1 alfo
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I alfo tried two perpetual logs ; one invented by

Mr. Ruflell, 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
axis; if therefore the revolutions of the Ipiral are
regifl:ered, the number of times it has gone its own
length through the water will be known. In both
there 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
Ipiral, which tows it after the {hip, and at the other
to a fpindle which fets the clock-work in motion.
That invented by Mr. Ruflell has a half [piral of
two threads, made of copper, and a [mall dial with
clock-work, to regifter the number of turns of the
fpiral. Foxon's has a whole Cpiralof 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 {hew
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 vtry fmall degree, only affecting 'the
reckoning by that quantity which the fpiral is
thrown towards the {hip; whereas in the log the
fame circurnflance 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 neceffary to ftand on one courfe for any
particular diftance, efpecially in the night, or a fog,
as it meafiires exactly the diftance run. It will alfo
be very ufeful in finding the trim of a fhip, when
alone; as well as in furv'eying a coaft in a fingle fhip,
or in meafuring diftances ina boat between head.
lands or fhoals, when a bare is not oiherwife to be
obtained; both which it will do with the greateft ac-
curacy in fmooth water, with a large wind, and no
tide or current. But notwithftanding there 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 Ihould not lightly be given up for
others more fpecious.
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OBSER V ATlONS on the Ufe of the MEGAMETER

in Marine Surveying.

THE greateft difficulty in marine furveying 1S
that of obtaining an accurate bafe, from the

exrremitics of which the angles may be taken with
precilion, for afcertaining the bearings and diftance
of headlands and fhoals, when either want of time
or other circumftances make it impraCticable to
.land and meafure a bare. The ufual way is, to
efljrnate the diftance by the log, and to take the
angles by the compafs. This method is liable to
many errors, and affords no means of correcting
or difcovering them. The Megameter,conftruCt-
ed upon the principles of the objeCt-glafs micro-
meter, defcribed by M. de Charniere and applied
by him to find the longitude at fea, I thought
might be ufefully applied to marine furveying.
That which 1 ufed was made by Ramfden, with
forne improvements. The advantages I imagined
might be derived from this inftrllment were, a
more correct and expeditious manner of determining
the.poJition of coafls, and the diftance of /hoals or
the fhip from hea,dJands. This inftrument being
divided to ten feconds, an angle may be taken by
it with great accuracy to five feconds. :I;:he height
of a {hip's maft-head above the water be~lg known,
it is eary to find with this inftrument, by a fmgle
Qb(ervation~ the diftance between tw~ fhips, and

con-
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. confequendy to determine a bare.. The angles
being taken with an' Hadley's quadrant froth each
of the {hips, to the objects- whore fi,tuations are de.
figned to be afcenained, the diftance may be found;
and, confequentIy, their J'dative fifilations. If
there is a megarnerer in each {hip; the altitt:ldes
taken from both {hips at one inftant, and the
angles of the different parts of the coaft, intended
'to be furveyed obferved with an Hadley's quadrai'lt
at the fame time, will give the Iituation with Oldie
accuracy and expedition than any method' df fmvey.
ing from flqips hitherto prat1:ifed; with'the'fa:r'tnet
advaritage of the certain means of deteG1irrg ,any
error in the obfervation, fc5 as to judge whether it is
ef fufficient importance to be attended to, The
only precautions necefi'ary are; to make toe doter-
vations at the fame inftant, to prevent their being
affected by any alteration in the relative p6fition of
the {hips, as a very fmall one there would occafion
a confiderableerror in the diflance , arid to be' care-
ful in chufing objects fufficiently defined and ie-
markable. This met hod of lllrveying has,the fur-
ther advantage of giving the fcale of a cdaff , Sea-
men, though they judge vety accurately ?f their
dit1ance from places upon coafls well known to
them, are very often miftaken when they fall in
with land they have never (een before'; of ~hich .
we had, at firft, fome inftances in this voyage, the
height of the mountains, before we krrew the fcafe
of the c<:Jaft, 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 afce-rtaining immediately by a tingle obfervation '
the fituation of the {hip, or the latitude of any
point by the bearings at the time of a meridian
obfervation : the direCtion and rate of currents or>
tides may alfo be found in this manner with great
accuracy. I made. feveral obfervations during this
voyage with the megameter, fome of which I fhall
give as examples; they were fufficient to prove to
me the great accuracy that may be attained with
this inftrument after fome practice. The utility of
fuch 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 tingle obfervation,

is obvious.

June the fifteenth, the Ihip being in latitude 60°
19', longitude 0° 39' W, Hangcliffbore S 63° od
W; variation, 23° W.
The altitude of the Carcafs's rnaft, by the mega-

meter, was 3'5/- 48"; height of the rnaft, IOZ, 75
feet; hence the diflance between the Racehorfe
and Carcais was 9861 feet: angle between the
Carcafs and Hangcliff, 85° 48'; between the Race~
horfe and Hangcliff, 87° 00' ; 'From whence the
difference of latitude was found 10' S; difference

of

,
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of longitude 17' W. Therefore, the latitude of
Hangcliff is 60° 9'; longitude 0° 56' W.

. July the [econd, to try how far the megameter
could be depended upon, Iobferved the altitude of
the Carcafs's malt 2° 23' 48"; the angle between
the main-yard and main-topfail yard, 0° 44' 26" ;
hence the diltance between the main-yard and main-
topfail yard came out 31,750 feet.
By meafurement it was found 34,125 feet.

Difference 2,375 'feet.
------

The diftance between the two !hips, deduced
from the altitude of the malt, 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.
-----

';Vhich is not more than the fhips might have
changed their potition in the time of reading off and
{wing down the firfl obfervation before taking the
fecond.

An error of ten feconds in the obfervation of the
angle fubtended by the mail: 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 Iixteen feet. At other
diftances the error decreafes as the [quares of the

diflances
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difrances decreafe , and at other heights it decreafes

as the heights decreafe.
Whenever the diftance of the objeet, whofe angle

is taken by the megameter, does not exceed that
of the vifible horizon, the very fmall portion of the
earth's Iurface intercepted between the object and
obferver, may be confide red as a plane, to which
the objeCt is perpendicular, and the diftance may
be concluded by refolving the right-angled triangle,
formed by the upright objeCt, and lines drawn from
the obferver's flation 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 neceiTary to have recourfe to a different
calculation.
The only cafes which can occur in practice 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 Diflance.
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 B A E (fig, 1.) ; and
fay: As the femi-diameter of the earth increafed
by the height of the objeet, is to the fernidiameter
increafed by the height of the eye; fo is the fine of

B AE,
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B A E, to another fine, which is that of the angle
B; the difference between 180°, and the fum of
the two angles B A E and B, is the value, in de-
grees and minutes, of the arc G C 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 fiich meafiire as may be moil:
convenient, and you will have the diftance in the
like meafure.

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 dip is 820 56' II"

----
The film isE A B 91° 43' q"

To the femidiameter of the earth
in yards 6966382 6966382

Add the height Add the height
of the object 15°3 of the eye 5~

Sernidiam. +
height. of the
9bjcfl

Semidiam. +
height o~

6667885 the eye------ ------
As
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Co. Ar.

X.lOS
8:,1568990
6,,843°076
9,999So4~

A P l? E
As 6g.p7885
To 6966357 ;.

So is Sine E A B 90° ,--
To fine B ---

I'J9 ,37 4-7.
Snbtracted from 1~9 0 0-'-° 22 13 the diftance.
Therefore the diftance ~s22,~ ~minutes, or nautical
miles.

This multiplied by - 2040 the number of yards
_ in one minute,

The "produ6\: 453~t8,8 is the diftance in
yards.

To find the Height ..

Ttl the apparent .a1t:itudeof the objeCt above the
fenfible horizon, add the complement of the dip an-
fw,eril"\$to the hei~ht of rhe.obferver's e~e above the
fea, rhe ~1.iJI;)is the angle B 4- 'E ; SO this add the ho-
rizontal diftance of the e¥~ ~l!d objectin degrees
and p1~1)l\e~,and (\,lbtr,aCJ.the fum Irorn 180

0

; the
rernaiBder .Mi.theangle B: then fay, as the [me of B
is .to 'the fine .of B A E, [o:is tbe fernidiarneter of the
earth increafed by the height ef the eye to~ fourth
number; from which fubtr-aC\ing .the femidiameter
of the earth, the remainder :is the height ,m' the ob-
·~a.

L IiXAMPLl+-
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July the fecond; the apparent alti-
tude of Snow Peak was obferved to
be, at the diftance of 375°7 yards or
18' 3011 '2,0 I z,' 20"
The height of the eye' being 5 ~'
yards, the complement of the
dip is 89 56 r r

Hence the' angle BA E 9Z, 8 31-
Horizontal diftance 18 3° ..

9Z, 27 I
Subtracted from 180

Angle B 87 32 59
Semidiameter of the earth 6966382

Heightof the Eys Sf

Semidiamete.r+ height, of
the eye 6966387-3-

As fineB 870 32' 59" Co. Ar. 0,000397Z,
Tofine BAE 92 8 3 I 9,9996965

So is femidiameter+ height
oftheeye=6966387 f yards 6,8430076'

To 6967888 ----
--

Height 1506 in yards.
t _ DEMON-
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D EM 0 N ST RAt' 10 N.·
.'.' ,

Let G F C (plate 1. ~g. I) -reprefent the furface
of the earth, E. its centre; Be the height of a hill
or other object nfing perpendicular from C; A is
the: place ofthe .obferver's eye, whofe height above
the level of the rea is A G., Draw A H perpendi-
cular to A E, and A F touching the circle G Fe
in F. Then H Pi F is the dip, E A F its comple-
ment, DA B is the apparent altitude of the obj~Ct
above the Ienfible horizon; to this add E A D, th'e
fum is E A B, In the triangle E A B, the fide E A
is the fum of the femidiameter E G and G A ,the-
height of the obferver's eye; E 13 the fum of the
Iemidiameter E C and C B the height of the object ,
the angle A E B is meafured by G C the horizontal
difl:ance between the obferver and pbjeCt. Now in
the firft cafe there are given in the triangle E A B,
the fides E A; E B, and the angle ;BAE, to find the
angle A E B; and in the fecond there are given the
angles B A E, AE B and the fide E A, to find the
fide E B and'confequently B C.The trigonometri-
cal folutions of there cafes are the above practical
rules.

L 2 OESER V ATIONS
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oB S E R VA T ION S on the V A R I A T ION.

THE ~ariatio.n of the co~pafs, always ~n in-
terefling objet\: to navigators and philofo.

phers, became peculiarly fa in this voyage from
the near approach to the Pole. Many of the theo-
ries that ~ad been propofed on this fubjea, were
to be brought to the teft of obfervations made in
high latitudes, 'by which alone their fallacy or uti-
lity could be clifcove'fed. They of courfe engaged
much of my -attention, and gave me the fuBeft
opportunity of experiencing, with regret, the-ma-
ny imperfeCt,jons "Ofwhat is 'cal-led the Azimuth
compafs. This inft:ntment, though fufficiently ac-
curate to enable us -to-obferve -the variations 10 as
to Ileer the fhip without any material error, with
the precaution of always ufing the [arne compafs by
which they are taken, is far from being of fuch a
conflruction as -to give the variation 'wit-h that de-
gree of precifion, which Ihould attend experiments
on which a theory i-s to be; founded, or by which
it is 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 fucceffive obfer-
vations peculiar to the higher latitudes, and to be
'imputed to a near approach to the Pole, as I found
it to take place even upon the Englith coaft,
As to the obfervations themfe!ves, they were

taken with the greateft care, and the moil: Icru-
pulous attention to remove every circumftanee

which
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which might be fuppofed to create an accidental
error; the obfervations being taken fometimes oy
different people with the fame compafs, in the
fame and different places; fometimes with differ-
ent cornpafles, changing the places and the 01)-
fervers repeatedly, to try whether there was arty
error to be imputed to local attraetion, or the dif-
ferent mode of obfervation. by different perfons. I
have fince my return tried the compaffes by a me-
ridian as well as by taking azimuths, and find
them to flgree with one another, though the fame
compafs fometimes differs from itfelf a degsee in
fuccefiive obfervations.
That every perfon may (as far as is poffible

without having been. prefent at the time) be en-
abled to judge of the degree of accuracy to be ex-
pected in fitch 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
feparate refult, and the mean of every fet, with the
weather at the time. Whenever I mention its
blowing frefh, it was only comparatively with re-
Ipect to the refl of the voyage, no obfervation hav-
ing been made in any weather which might not
generally fpeaking be called fine.
Having faid fo much of the inaccuracy of the

inftrument, I mnft add, that 1 think rome general
and rather cmious inferences may fafely be drawn
from there ob[ervations. One is, that (he variation

L 3 near
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near the latitude of eighty, if it alters at all with
time, does not alter in any degree as it dO,esin there
latitudes: the variation having been found by Poole
in 1610 to be 22° 30' W in latitude 78° 37'; 180

]6' W in Crofs Road in latitude 79° IS' N; and
17° 00' within the foreland in latitude 78° 24'.
By Baffin in 1613, in Horne Sound, latitude 76Q
55", the variation from the meridian was 12° 14'
W; but by his compafs 17°: his compafs " was
touched Sf Eafl:erly," that being the variation in
London at that time: in Green Harbour,. latitude
77° 40', he obrerved the variation 130 II' W.
Fotherby in 1614, made the variation in Magda,,:
lena Bay, latitude 79° 34' N, 25° 00' W; and in
latitude 79° 8', two points. Neither Poole nor
Fotherby mention whether their variations are
reckoned from the meridian, or whether their corn-
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 vari::ttion at London, his obfervation agrees ex..
~aly with thofe made by me in Vogel Sang and
Smeerenberg; and thole 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 ilbove twenty-fix
degrees.

The other inference is, that in going to the
~aftward in the latitude of eighty, the Wefterly
variation decreafes very confiderably from a differ-
MC€ in the longitude. Table
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Table of the Obfervations of the Variation.

365° '36215E10042 173 }16
37 4 62 20 101 2 16 37
37 39 61 ° 101 54 17 5
37 56 61 30 102 19 16 10' } 16 22
38 20 60 30 102 55 16 34

-3-1 -« S 59 30 E 98-44" 214"61-=----1----------1
32 2 58 45 99 17 21 58

vv 32 16 57 30 99 44- 22 46
7 32 36 57 30 100 22 .u 8

33 15 56 50 101 36 21 34-
33 35 56 35 102 16 _2_1_-.L, 1 . 1

-1-3-~ N 44 5W 67 16 23 II

° 39 VV 13 25 43 15 66 30 23 15
13 3 43 ° 65 30 22 30
29-~ NIl7 50E ~~ 2244 J2

330 29 120'3° 96 20 24 10 31
31 50 122 30 98 50 23 4Q

° 39 W 31 56 122 52 99· 2 23 50 }
32 19 123 10 99, 45 23 25 24
32 34 124 15 100 14 24 I

32 52 125 40 100 48 24 52° 39 W ----- -I----~~I.::----I

'~-8- N-;-;;-Y;-- 101 20 19 10 --------
° 4-W 32 5° 122 15 102 48 19 27

33 16 123 10 103 44 19 26
33 45 124 10 104- 46 19 24-

-----\----- ----- F-r-eth--B-r-ee-ze-s,--a[-Id-r.-o-~-e
19 I I Swell..---- ~-;;- N9~ 7020- 2'5-'-0-1----1-----------

17 43 95 30 71 18 24 12
18 47 97 50 74 ° 23 50
19 ° 96 30 74 32 21 58
[9 II 98 30 75 ° 23 30
19 30 98 ° 75 48 22 12
19 55 100 ° 76 50 23 10'
20 ° 99 30 77 2 22 28

----, --- ----- ~-~- E3430 S ~36 -----w-54-. - ----1--
2S) I 34 ° 107 22 16' 38
29 34 36 30 I/O 26 16 4
29 57 38 30 I 1° 56 , 17 34
30 6 37 30 III 50 16 °
30 16 3730 114 46 15 44-

--J9-~' \f-6530w,D~--8-,-6- I
19 30 65 30 73 21 7 5' 7
1') 17 65 50 73 6 7 16
17 12 57 40 64 57 7 17 }
17 ° 56 30 6+ 16 7 46
16 58 55 40 63 49 8 9 7
1645 55 28 63 24 7 56
25 40 b:24 30S~-;S- -'-9--5- '-}-'-7--
2526 2230 9624 166 15
26 2 23 20 96 45 16 35
26 ,6 2530 97 36 17 54 }16
26 35 25 30 93 52 [6 38
26 55 26 ° 100 2 [5 58
27 8 29 30 100 50 18 4-0 l 17 22
27 36 28 40 102 36 16 4 J
28 35 35 3'> 106 20 19 15 ~ °
28 50 36 5 107 20 ~----±2.- ),_19__ 1-27-SZ- E3540 S 1'03 36 22 9
28 2 3633 104 14 22 16., 21
28 14 35 30 105 ° '20 30
28 22 35 20 105 30 19 50.'~-- E40 oS -1-1-2--2-23-5-8-

27
at 7 AM. 74 20 9 43 30 17 47 20 113 7 2{~ 19

1 ~~ 46 I _11_4_L ~_I_~_I I , 1

21 26 ;\J 70 3DW 79 50 9 20 l 10
2 [9 67 30 78 3 [ II I S
21 ° 68 30 77 48 9 II }

20 50 67 40 77 ° 9 20 9 34
-:;;0 zj.2 66 20 76 24 J:) 4
17 13 47 5 59 z II 57 } I~
17 10 45 45 58 46 13 I ~ 36
17 5 45 30 58 20 12 50
16 58 44- 15 57 42 13 27 }
,6 55 44 35 57 26 12 51 [2 571_______ [6 51 44 3° 57__ 4_.~-2±-.
16 4-1 N 4340W 56 10 1230} -=--1-2--1-----------
16 38 43 30 56 52 12 22 16
16 30 43 0 55 8 12 8
[6 29 43 0 55 4 12 4 Light Winds, the Water
16 24 41 42 54 35 '3 13 f fmooth.
16 20 4' ° 54 IZ 13 12 16
16 14 41 IS 53 38 12 23 12

1 -11--1_6__ 4:.- __ 40 30__ .E.-£- __I2~_I 1

July 2. 78 22 9 8 By the Mean of Three Obfervations. I A 55 Light Winds, the VVater
s[ 5 PM. .,. fmooth,

I~ 10 2 -------Xt the ~.------- 20 38 -----------\
1'----1

22 37 S 84 oW log 14 13 14- ,
22 33 84 10 108 48 12 58
22 25 84 25 107 57 12 22 IZ 471 Light Airs, the Water
22 23 84 40 107 46 12 26 ' finootb,
22 22 85 Iq 107 45 U 25----- -----1128 ----1------

12 54
II 24
11 24
I I 56
12 30

Day of
the

Month.

June 6
at 7 AM. 52 ·20

'4
at 7 AM.

14
at 6 PM

, 5
at 7 AM,

15
at I PM

[ 7
at 8 AM. 6,2 3c

19
at t, PiVL

21
at 6 AM, 68 I J

25 73 5'at 7 AM,

2~

at 3 p]\1.

27
at 7 AM. 74 2C

Lari- Longitude Altir, of the Sun's Mag- Sun's true A» Weft Varia- Mean of
tude in in Sun's Lower netic Azi- zirnuth from tion from the Obfer-

Limb, muth, the North. each Obferv, vations.
-0--,1-0---1--0--,- --0--,- -9---,--I--o;:;---;---1--,p".---:--1------------1

Remarks.

55 The Weather very fine,and
the Wat~r fmooth.

620 20 21 5 The Weather very fine, and
;1 the Water fmooth.'

60 2(' 22

60 20

.z

60 2(

19 21. Some Sea.

° 37 V, 23 18 Frefh Breezes, not much
Sea.

7 15 E 17 9 Blowing freth, a good deal
of Sea.

74 Ie

4i !310wing fr efh, with feme
Sea; ?u.t not enough, i.,
my o p irnon, to have oc-
pfiol1ed Io great a diffe-
renee.4i

9 43 5°

27 7A 20 9 43at 7 AM. '1'

26
PM 80 18 12 12at 4 .

28
at 6 AM. 80 3° 15 14

29
at 8 PM.

29
at 8 PM.

I'

3[ 8
at4PM. ~19 0 12 24

\_.,-- __ 1 79 44 9 51 ==At Smeerenberg, -;S~5-7-

Aug·3!. 6846 324 '5'; N 87 59Wl107 32 19 33at 4 PM. _

1

---':--4-3-5- N53 45VV 79~----zs--4-1----11---------
4 3~ 53 3° 78 37 25 7

at
·631pM,68 4713 24 4 10 53 35 ,77 41 24 6 Calm, and the Water very

4 2 5315 77 19 24 4 24,17 fmooth.
3 5[ 53 JO 76 51 23 21
3 44 52 30 76 30 24 °
17 13 N 86 25W -1-[1-4'8 25 23
16 42 84 30 110 34 26 4
15 59 82 35 109 24 26 49
IS 10 78 40 106 24- 28 24
13 42 75 30 103 34 28 4"0 73 45 100 34 26 49

-1-8-D S43 30E 114 56- -zi'-3-[- -
19 2 4[ ° 116 12 22 48
'9 27 4030 117 14 22 16
19 56 39 15 liS 32 22 13
20 45 37 45 120 40 21 35
2[ 45 3330 123 38 ,__ 2.c:.3__ zoc-_I 1

5 ""634511--2-,6-:;:---1' Moo;;-,;r;:-ue Amplitu~ 25 16 I 25 4,6 ~U;:;;;;"e~~e Soa.
1--2""-0--1--5>'-5-7/ '3° 1-,-, ": - 1-·-,-·-·-,-·--, -.-,-, ~~

23 8

10

7 50 tight .Winds, the Water-=ll==
fmooth.

I I
56 Light Breezes, and the Wa-

ter fmooth.

1----1----- -----1----1
The Weather very fine, and
the Water quite frill.

Sept. 3, 65 47 2 27
at 6PM

at 8~M. 65 4 2 ZI

26 5 S
Light Breezes, not much

Swell.

22 Light Breezes, and the Wa-
14 ter very fmooth.

:20 47
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ACCOUNT of the OBSER v ATIONS made with the
MARINE DIPPING NEEDLE, confrruaed for
the Board of Longitude by Mr. Nairne.

" THE infrrument, hanging by an univerfal
" joint on a triangular ftand, is adjufl:ed fo
" as 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 pofltion of
" the infrrument, 'by turning a button. The two
'4 900 on the divided circle, are adjufred fo as to
" be perpendicular to the horizon, by the fame
" plumb line and the adjuf\:ing [crew: and at the
"lowefl: 900, when it is adjuf\:ed, the pointer is
"fixed. The length of the magnetic needle is
"twelve inches, and its axis (the ends of which
" were of gold alloyed with copper) refl:ed on fric-
" tion wheels of four inches diameter, each end on
" two friaion wheels; which wheels were balanced
"with great care. The ends of the axes of the
"friaion wheels were likewire of gold alloyed
" with copper, and moved in fmall holes made in
" bell metal; and oppoEte the ends of the axes of
" the needle and the frietion wheels, were flat
" agates finely poliilied. The magnetic needle vi-
"brated within a circle of bell metal, divided
.' from the lower 90° each way, as far as flxty-five
"degrees, into degrees and halfrdegrees: the

L 5 " other
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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. crots,
" fixed on the axis of the needle (on the arms of
" which were cut very fine [crews, to receive the
" finall buttons, that might be Icrewed nearer or
" farther from the axis) the needle could be ad-
"jufted both ways to a great nicety, after it was
" made magnetical, by changing the fides of the
"needle, and reverfing the Poles. As this needle
"at rea could feldom remain at refl , to remedy
" in a great meafure this inconvenience, the di-
" vided circle is made moveable by turning the
" button; [0 that when it is ufed at fea, the di-
" vided circle is moved till [orne principal divifion
" is the mean of the vibrations: then that number
"of degrees and half-degrees diftant from the
"pointer, fubtracted from ninety, gives the dip,
"if the needle is properly balanced: but left it
"ihould be fornewhar out of balance, the moil:
" certain way is, firft, to take the dip with the
" face of the divided 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-
U ing the Eaft and Weft: arrd the mean of thofe
" four dips will be the mofl accurate. In each cafe,
" when the dip is taken, the inftrument rnuft be
" fo placed that the needle vibrates in the magnetic
" meridian."
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The obfervations on the dip of the needle, dur-
ing t~is voyage, w~ererryde with. ~reat care: firft
the dip was ohferved with the divided arch to the
Eaft, the inftrurnent being placed as near as pofli-
ble in the magnetic meridian; i wag then turned,
and the obfervation 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 [arne place at
different periods of time, it having been obferved
in London by Norman, who firft difcovered it ill
1592, to be 71° 50'; and by Mr. Nairne, in 1772,
about 72°. The difference between there obferva-
tions, taken at fuch diftant periods, is fmaller than
that found between feveral of Mr. Nairne's oblerva-
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 to doubt of their accuracy.

TABLE.
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TAB LE of the OBSERVATIONS made with the
Marine DIPPING-NEEDLE.

Day of the/weft. Eaft. w-a. Eaft.· Mean Place of Obfer-
Month. Di p vation.---- ----

June2P·M.73 073 157320743°7331
2 P. M 74 3073 073 2°73 3073 35

14P.M.72 3073 J074 074, 0733°
8 P. M.75 1575 3074 0763°75 18

15,8A.M74 3074 3°75,0753°7452
P.M.74 3075 3075 075 075 °

16 P. M. 77 076 3°76 30 77 076 45
22 Noon 78 ° 77 3°78 078 077 52 Latitude j045

23,9P.M.813080 083 0813°8130 Latitude 7240
24 Noon 82 3079 3081 30 79 080 35 Latitude 7322

P. M, 7i 3°77 30 81 082 079 30 Latitude 73 36
26, 2P.M.77 3080 082 (78 07922 Latitude 7430
28 Mid,83 3080 082 079 081 7 Latituden 48

29,2 P. M.79 1581 078 3083 080 26 Latitude 78 z
30 Noon 76 4579 3°82 30 79 4579 30 Latitude 78 8

July 2, Mid.80 30823°8030793(80 45 Latitudq824-
9,6 P. M. 82 4581 4583 080 (81 52 Latitude 80 12

I 8, 4581 1582 082 3081 52'! ~ On Shore:
582458115825081 1082 7~ SLatitude795°

29Mid.83 i583 e80 40811582 2t Latitude 8o 27
Augufi: 1483 083 081 158, ~082 8~ At Smeeren-

berg. Latitude
79° 44' on
fhore,

31 P.M.79 3°77'4580 079 079 4 Latitude69°2'

P I 0 / 0 J 0 I Q /

5 P. M.70 2073 073 1572 1572 12
6P. M.72 075 072 074 3c73 22

ILatitude 5135
near the Buoy
of the Upper
Middle.
Off Harwich
lIn Southwold
! Bay.

}

Off Shetland
o I

Latitude 60 18

ACCOUNT
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ACCOUNTof the INSTRUMENTS made ure of for
keeping the METEOROLOGICALJOURNAL.

THE 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
"ineh in diameter, and four inches long. To
"this is joined a glafs tube, with a bore about
" 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-
H ry, and inverted into a ciftern of the fame, the
" mercury falls down in the tube till it is counter-
" balanced by the atmoiphere,

"In a common barometer, the motion of the
" mercury up and down in the tube is fo great at
"fea, that it is not poflible to meafure its perpen-
"dicular height; confequently, cannot fhew any
" alteration in the weight of the atmofphere: but
H in this marine barometer, that defect is rerne-
"died. The inftrument is fixed in gimmals, and
"kept in a perpendicular pofition by a weight
~' faftened to the bottom of it.

" The
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" The perpendicular riling or falling of the mer-

" cury is rneafured by divilions, 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 HYGROMETER I was favoured with by M.
De Luc , and the following account is a literal
tranflation of that which he gave me in French.

THE part of M. De Luc's Hygrometer which is
affected by the irnpreflions 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, It is open only at one end; and the thick-
nefs of its fides, for the length of two inches fix
lines from the bottom, is hut three-fixteenths of a
line. It is this thin part which does the officeof an
hygrometer; the remaining part of the cylinder,
towards its orifice, rnuft be kept a little thicker,
being deflined for joining it to a tube of glafs, thir-
teen or fourteen inches long. This junction is
effected by means of a piece of brats, 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 irn-
prefIions of the moifture of the air, without fuffer-
ing thereby any effential change. The cylinder
made of it becomes more capacious, in proportion

as
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as it grows moifter. This is the fundamental prin-
ciple of the inftrument. M. De Luc has fince
found, that upon letting this cylinder lie [orne time
in water 0f an uniform temperature, it fwells to a
certain 'p0int, after which it dilates ao farther. This
cir-cumftance furnifhed him with a ma-ximum of hu-
midity; and, confequently, with one point of com-
parifon in the fcatl:eof the hygrometer; and this
pClil'lthe has fixed at the temperature of melting ice.
For meefuring the d-iffefences in the capacity of
this ivory cylinder, and ;thereby difcovering its
different degrees of rnoifture, 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 is the
the fame, the moith:r it is, the lower does the
mercury ftand in the glafs tube; and vice 'Verfa.
Now M. De Luc has found, that the loweft point
to which it can Imk, is that where -it flands when
the ivory cylinder is foaked in melting ice: he there-
fore names this -point uro, -in the Icale of his hy-
grometer; and con(equently, the degrees of this
fcale are degrm 'Of drynefs, counted from below up-
wards, as .the quickhlver riles in the glafs tube.

To give thefe degrees a .determinate length, and
:thus -render the hygrometers capable of being com-
-pared with each other, M. De Luc employs in con-'
ftructing them fuch glafs tubes as have been previ-
oufly prepared, by being made into thermometers,

and
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and filled with mercury, fa as toaCcertain upon them
the points of melting ice and boiling water, and 'to
ta e exactly the diftance between thofe points by
any Icale at pleaCure. 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-
:france between the fixed points 'of the therrno-.
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 fcale : then Iuppofe that the quickfilver
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 zero, 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 points of the
preparatory thermometer, as the weight of the
quickfilver in the hygrometer, is to the weight of
the quickfilver in that thermometer.
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This proportion between the fcale of the hygro-
meter and that of the preparatory thermometer,
furnifhes an eafy method of correcting in this in-
flrurnent the effects of heat upon the mercury it
contains. '
Itwill eafily be conceived, from the conftruCtion

of the fcale of this hygrometer, that if its cylinder
of-ivory was fuddenly changed into glafs, the in-
Itrument 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 reflrictions, however;
of which M. De Luc has given an account in the
paper he fent to the Royal Society on the fubjeC\:
of this hygrometer.
That part of the frame of the inftrument on

which the fcale is marked, is moveable; fa that,
before obferving the points at which the mercury
flands, it may be pu1hed upwards or downwards,
according as the thermometer has riCen or fallen
with refpect 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,. conflructed by
Mr. Ramfden.

THE Manometer ufed in this voyage was com-
pofed of a tnbe of a finall bore, with a ball .at the
end; the barometer being at Z9~7"~.GnaHquan-
lity of quickfilver wa-sfmil: jijlio :th,e tube to take off
the communication d3etweeBthe external .air, and
that confined in due baH:lWd the part lof the tube
below this q.\il~ck£lyer.4 {~aJeis pJ~d >Ql'l the
fide of the tube, which marks the degrees of dila-
tation arifing from the incrtea(e of heat in this ditate
'Of rhe weight -o-f the .a.ir,.and has ,the fame gradu-
ation as that of Fahrenheit's thermcmeter, the
'Point of freezing beiag marked 32• 1m :this flare
aherefore it wiH [hew the degrees pf heat .iB the
fame manner as a thermometer. But if rhe air
becomes lighter, the bubble ,iFlclofed .in .t!heball,
being lees compreffed, will dilate itfe1f, and take
up a fpace as much Iarger, as the comprefliegforce
is lefs , rherefore the changes arifing from the in-
creafe of heat willbe proportionably larger; and
the inftmment will thew lfhe differences in the den-
fity of the air, arifing from die changes in its
weight and 'hear. Mr. Rarnfden founcl, 'tlhat a
'heat, equal to that of boiling water, increafed .ehe
magnitude of the air from what it was at the freez-
jng point J~to of the whole. From ,this it lfoH0WS,
that the ball and the paH of the tube below the

. beginning
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beginning of the fcale is of a magnitude equal to
almoft 414 degrees of the Icale,
If we have the heihgt 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 increafed by 414;
fo is 29,7, to the height of the barometer.
This inftrument, though far from complete, hav-

ing been conftruCted in a hurry for the purpofe of
a firft experiment, and liable to Ierne inaccuracies
in the obfervations from not having the thermo-
meter with which it was compared attached to it,
feldom differed· from the marine barometer /0 of
an inch. Should it be improved to that degree of
accuracy of which it feerns capable, it will be of
great ule in determining refraCtions for aftrono-
mical obfervations, as well as indicating an ap-
proaching gale of wind at fea.

M Meteorological
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, I_o'I.£i_fd_O:~i~;:...h__t.1 ~§: ~9,.86.':: --. ~ 2 IZ ~~~,' ~~~CU~y~ogg.
I -~::"'-'_j--- -- -- ---.I--·--I----~_.

I - ~. M. Thermo-
. 1 meter expofcd to the

. . '1" . r SSW, with rain. Sun 30' fofe 26°.
~9,66 . : 80 4 80'4 Calm and fair. At 7 P. M. Thermome-

,.. • Light airs and fair. ter fell fudden!y to
~ 37°, then rofe again

l,lbout 8°.
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Day of
the
onth.

Time. Hy- Ma-
gro· no-
me- me-
ter. ter,

Lati-
tude.

Longi-
tude.

Winds and Weather. Remarks, &c.Fahren- Baro-
heir's meter.
Thermo-
meter. --

e In. dec. o (I 0' ° ,

~~~n~' ~~t 29,99 77 ~~~'}hazY weather.
June 4 4 P. M. 58i NW

6 P. M. 58 29,95 81 NNW, cloudy. ,

1----17M-:id-n-::ig~h-t-·1 _5~8,-_1_":"'- I I~E;_cb,.:-y-:N;_:,..;;_,__..,.....--I-------I
6 A. M. 5St N by W, cloudy.

5 Noon. 59t 29>93 75 NE, 1 h
6 P l\tI 6 1 NE, by E, azy.1_......:::;; __ 1-:-:-·--:-::-· _1_.......:5~4__ 1.::2...::9.:..:,9~792' . . ---I----.\7C~,_"_;-,-=------I----.--.--
bA.M. 54 I:>~W,tair. -1·-

6 Noon. 61 29.90 73t • 57 17 I 30 E SW, 1 h
1---- h6~-_P._111_1_._1_---:;..56__

1
29>93 73· SW by S, S azL.

7 Noon. 54 29,88- 74 -- 53'S91-2-39--I-;:-N:-' b;-y""";-;E-,7'h:....az-y-.----I-----~-
1---....:...17';'"---1·--...:'-;;---1-..:......- -'-----''''::'I-....;;...:,,--I~.,,..,...,~-:---.:..-·-

8 Noon. 58 30,04 75 53 36 ° 56 NNE, l I
6 P. M. 53 30,08 75-! SSE, 5 lazy.
Noon. 58 3°,°5 70 -- 54'"21-0-12--J-;;-0S~'E;=:'''--...:----::-l-----I-------

9 6 P. M. 56 29,99 70 S b; E, I hazy.
10 Noon. 54t 30,°5 68 = -Q-2-7·'-0-3-1--'-'W.,..INNE, cloudy.

I----I-u----I·---::-;:;-::.--I---:--"-- -.:-.-..:...I-~--I~~--:--.,--.:..--------------
II Noon. 58 29.90 70 • ° 3 f SE, cloudy.

1---1-2'I"-N"""o-o-n.--I---"':5-4--li -2-'-9-',7'--3-62 = 56 28 loSE, hazy.
I----I·::---~-----I--------....:.-

6 A. M. 51t }
13 Noon. 57 30,07 6sk 59 34 0 10 E E, clear weather.
6 P. M. SIt

14 Noon. 60 30,16 ~ -- 00' 21 ° 40 W N, clear weather.
1----'-1 --;--·1--:.."....-1-;;-;-;=:--;:-------

15 Noon. 58t 29.96 ~ 60 19 ° 48 N£, foggy
I---....:.I-::-:--~-I·---:---"--I--"--''-- --~I-...:---I~:;-;:;7:7"":'-'-'-''------I----·--·---

16 6 A. M. 49 SSW, hazy.
Noon. 55 29,54 64 60 37 ° 31 SW, foggy.

1----I-=-N:-Jo-o-n.--I-~5..::2--1-2..:..9-',6:-:4- 63 -- ~ ° 2 7':s;;-,S\:'7I1/';"","":;Jc.=:-----I-------
I 7 Midnight. 49 SSE, cloudy.

1----1-;:-::----;;";;--1--'-;:;-:--1--- ' -- ---I----I=~-':--------I----------
6 A. M. 48t SSE, cloudy.

18 Noon. S2 29,72 62 54~ 65 20 ° 17 '}
6 P. M. 50 SE, foggy.
Midnight. 48

19 Noon. 49 29,73 621: 541: 66 14 ° 27 SE, cloudy.
I-~--"-I -·--1--....:.....-11 ;:';"""'7":- --'--,----1---------

4 A. M, 43 N, fair weather.
20 Noon. 481: 29,90 62 47 67 5 ° 46 E Calm, cloudy.

Midnight. 441:. SSW, fair.
Noon. 50 29,85 65""47 68 4 ° 32 801:<:,treth, cloudy.

21 Midnight. 4' t S, cloudy.
;----I--~-I---''---''--I--- -- -- ---1----1----'------ Ther~eter ~ the

air being 43°, in the
furface water of the
fea it was 310.

At 6 A. M. Thermo-
meter expo fed to the
fun 51 rofe [20.

i----I-~__:_-;;-·I-__;:;__-II----- -- ---1----1-;;-;:;--------1--
6 A. M. 38 SE, }
Noon. 40 29,77 6[ 44 72 22 ° 45 SSW,

23 6 P. M. 38 SE, foggy.
1 lcM;:-::id_n.,..:ig;;.-h_t.__ 3_7 ' I I"'SE;;,-:-b..:..y-:E.,....-=-- I-. . _

6 A. lVl. 371: SE by E, ( f
Noon. 40 30,03 63 38 73 22 3 53 WSW, soggy.

24 6 P. M. 37 30, I 5 . N, clear weather
Midnight 34 NNE, cloudy.

-- -- ---1----1=:;-;::----:-''---- ------
7. A. IVI. 41 • NNE, (h
3 A. M. 35 NEbyN,5 azy.
4 A. M. 36 ~ N, } I d

25 6 A. M. 36• N by E, c au y.
Noon. 36 67 f N, fqually, bail and

30,13 34 74 5 9 44 fleet.
8 P. M. 37t ., NNE, c1oudv.

6 Noon. 40t 30>33 !l2.~ 39t 74- 25 1-1-1-46-=--I-=-N""EO:-:--by-'N""'-, -ta-Ir-w·-e-a-t:-be-r.'------
2 8 P. 1\11. 41 Almoft calm, cloudy.

I----I..-N"""o-o-n-. -1--'4-0-- -30-,-0-0- -8-7- 4 Ii -7-5-2-1 9 43 w sw , cloudy&: fnow.
27 6 P. M. 39 . __ ._ .~.~.. '._ WSW; cloudy.

Midnight. 39 ; SSW, rain.
6A.M. 38 -------1---- SSW,~'

28 Noon. 39 29.65 77 36 8 52 S, hazy and rain.
Midnight 38t ENE, cloudy.

I----I--~'---I--"--=--II--...:.. -- -- ---1----1-----'-----1----
Noon. 39 78 I I· 9 48 N by E, hazy. At Midnight Thermo-

29 Midnight. 37-2' NNE fai meter expofed to the
" , air. Su n 30' rofe 200.

1----1----1-----1--- -- -- ---1----1---------1=---:=:-------
The rife of the Hy-
grometer was occa-
fioned by a fire being
lighted in the ca-
bin.

6A.M.
22 Noon.

Midnight.

W, }WSW, cloudy.E,

Noon.
3°

Midnight.

Calm and cloudy.
78 8 10 58 E f Variable winds and

fair.

Noon. 44 29,63 84 "'50 '78-;8 10 53 WSW, hazy weather. At No-o-n-,..,..T--h~e·-rm-om-e-
July I 8 P. M. 50 Calm and fair. ter expofed to the

Midnight. 49 N, tine weather. fun, rofe 10° in 10'.
I---·I--~-I---:..::--/·-- -- -- -I----I--------I-;;-:-:;:c-;;-~=_---I

Noon. r 8 SSW c:: h At 6 P.M. Thermome-43-2 2971 79 50 7' 22 10 15 , lair weat er.
2 . ' ter expo fed 101 to
Midnight. 45 Calm and cloudy. the SUIl rofe to 760.

Noon. 1---lt3-* -- --78'36 10 15 S, hazy.:~?t'--':-;-'-;-+\i-I-2-9-'9-4- -'.'-.: \- •..-:. -7-9-3-1 : 5~ ~~i:I:~r~~~~·r.

M dnight. 40 1 Variable and foggy.
. I----I;=--...",..-----:~_·- ------1

Noon, 41 29,94 79 55 9 17 SW, foggy.
5 !'J, idnight. 37t ,S, cloudy.

(----1·;:-\-----'=--1-=....:...::..--1----:- -- -- --I-;:;---I;~-r.,.....!_:-----I--------I
I Noon. 39t 29,80 79 57 8 37 SE, fair.
e 6-t-M. 41' • • 1

I IB__P'_M_. _1.-..:3;...8..:t~_I__ • " I~:··:....:......:._115~s-E~,-C:..l~OU=-d~y.:.:··-.:..-.-II~::;===:::::!:=:=;,
Noon. 39t 29,78 I Thermometer placed

7 6 P. M. .. • 29,81. . • IN, rainy. ~Iofe /ft ~ piece of
Midnight, .39t. • N by E, cloudy. Ice, e rom 39°t

to 37°.1---'1-;:-;;--;:-;--·/----1--- -- -- ---1----1 ;,,-,..--r;-----::-----I-.:;;:-:-.::t-.---
6 A. M. '4°. • N by E, J Near the ice. -

8 Noon. 39t 29,83 W by S, cloudy,
6 P. M. 37 . -. • SE, foggy.

1_...:..:..__ I~_id_n...:ig"_h_t._:---"-39'---I---· I .I_SW--:,_c_lo_u_d..!y.,;.•. I;;~--::,...-:-"...-,,,,,.,..--I
At 3 P. M. Thermo-
meter expo fed to the
wind blowing from
the ice, fell, in 5',
flOm 42° to 39°.

Near the ice.

I A.M.
9 Noon.
6P. M.
Midnight.

80 7 5 S
SW, cloudy.Isyv by S, cloudy.
S by W, thick fog.

4°
39
38

Among the ice.

3A.M.
II 4 A. M.

Noon.
Midnight.

41
37
42
44

M.z Meteorological
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Day of Time. Fahren-
the heit's

Month. Thermo-
meter.

•
Noon. 4S

]Ulyl2 8P. M. 45
Midnight. 44
Noon. , 46

13 8 P.M. 42

14 Noon. I 36
Midnight. 38

15 Noon. I 45
IMidnig~ A6

- I16 Noon. 49
Midnight. 48

17 Noon. 49
Midnight. 45

18 Noon. 45~
Midnight. 42

19 Noon. 42
Midnight. 39

Baro- Hy- Ma- Lati_/ LOngi-/WindS and Weather.
meter. gro- no- tude. tude.

me- me-
ter. ter,

-In-d-e-c-.--0 - --0 - --;-;'io,,--;---;----~---l:---------I
29,58

.Remarks, &c.

ENE, cloudy.
Calm, cloudy.

· '. • • • • • • • • Calm anti· fair.
29,63 -.-. -.-. -:-:-. ,./ J • '1Catm and cI·o-u-d-y-.--I __ -

$ SW by S, fqually
..•.•••• ~dclO,U_d~Y_' __ I~~ ~~1-.-.-.-.--.--I ENE, foggy; Thermometer expofed
. ••••• EN to the Sun rofe to. . . . . . • • . .'. . E, cloudy.

86°i-.
-.. -. -. . -•• ~1:-.--liUN'iUiNEC;-:, l'f:-.--I-2,;~------.-1
. . . . .. , . . . • W,. J aIr.
-- -- -- -;----! :--~---/;;::;';---:--.,,--=:::;.-:I

· . , . . ~,:--;.--:--,.-t-1~~,-- -1_;LTh.elmometeI expofed
Light airs and clear. to the Sun rofe to

89°i-:

Light winds,

· ...

20 Noon.
Midnight. 110 !7~ , 8~ 3~ 3 26 E, ~,E, } fnow and fleet.37

33t

4 A. M. 33 --- -- -.-. -. -. -. E, hazy and fnow.
9 A. M. 33t 3 4· . • • . • SW, 2 ha y

21 Noon. 34 29,74 73 34 79 27 4.29 NW,5 z.
6 P. M. 35 . '. • • WNW, cloudy.
10 P. M. 32± • '. • . SW, hazy.
Midnight·.I_-,3:..,2..:t__ 29,77 .1'.L _._.. . . SW by S, cloudy.
6 A. M. - 34- 30t. SW by S, cloudy.

22 Noon. 35 29,76., 33 80 I 6 32 SW, } fi
6 P. M. 39f ,t.. . , ' ,.. S, oggy.
Midnight. 3si- . l· . . , ..•. .,. E by N, hazy,
4 A. M. 37 -z---: --' ~T -- .,,' E by N, hazy.

23 6Nopo.nM,. 36 s, 29,74 48 4° 80 24 9 5.9.E ~ E, rain.
36f 39f. • . S

1 /7"M;:..i.:.dr::,:li!::.,gh::,:t.:,.37!' ~ ._,_. _._'_",:, " IE, cloudy,
1 2_4 ~~~~ight. ~~ 29,4

1
43 1~I: : : ~NE, J c~-'.-- Near the floating ice.

Noon. 39f 29,64 39 '~' --- NW by N, hazy.
25 4 P. M. 38 .. 41 • • • , N, cloudy.

Midnight. 39f 39± . ';'-. ;~. --: Light airs and foggy.
26 Noon, 39 z5,},90 39 32± 80 17 [3 2Z NNW, foggy.

___ IMidnight. 39 . . 41 . • . . SSE. cloudy.
4 A. M. 39 --- '-- 40£ -.-.-. " E, cloudy ..

27 ~~~~. ~~ 3
0
,1
7" 32'. 8~ 4-~" 42 ~~E, }hazy•

____ IMidnight. 30>30 . . . -s r , • • • Eby N, clou._d-,-Y_'__ 1---------1
+ A. M, ' 36 --- -- 26~ -. -. -. , Hazv. --
8 A. M. 37 27±. . . , Poggy.

.28 Noon. 37 30>35 62 33 80 3615 30 E by N, foggy.
4 P, M. 35f 26i J
6 P. M. 36 27 • • • • SE, hazy.

____ IMidnight. 4° . •. •.••
Noon. 42 30,43 -- 3T 80 25'1-/-8-1-8--1ESE, clear .. --- ---------1

29 Midnight. 42 . '. . . SSE, fair.
----I Noon. -4-8-- 30,.43 86t· 27 80 31 ~N;-;E;-7-by--=-N-:;-,-c-l"e-a-r.---I---------1
___ 3_°_

1
Midnight. 44 '_' • '. . . Calm and fair~. _
N~ 48 30,43 92 40 . • . Light airs at -E, fair.

31 Midnight: 48 3°,45.,........ Calm and fa,ir. -
1---a-INoon, 48 3~'43 73 361' ~---- Light airs at E, hazy.
Augu I Midnight, ~.±i.. _'_' __. _. _._. _. NNW, foggy,_. I- 1

Noon. 44 30.34 ...••. NW, ~
2 Midnight. 45 30.33 ". • . _ NNW, { 0ggy.

1----1 Noon, 47 30,17 96- 38- .--. -. ~Light airs and fair -----
1 3 6 P.M. ~ . _'_. _. J weather._. 1--- __ . 1

4 Noon. 46 88 30 . , , ENE,'7;;ggJ.
7 Midnight. 38 ._. _._. _.__ W,foggy.

1----'8- 18 A. M. 32 '. '. .' '. '. '. '. ~-:;; foggy,
8 P. lVI. 36-!- S

1----1--:----:--0--1--::...-=--1-- -- -- -- -
4 A. M. 35 . , • . SE, foggy.

9 Noon. 34 30,02 47 Variable and foggy.
Midnight. 32, NE, cloudy.

---- Nooll I 33 29,87 53 ~. . . NNE,cloudyand fnow,
10 8 P. M, 33 . , . . ENE,} I dNE, c ou y.

Midnight. 33 .1 1 1---------

Noon. I' 33 29,7° 46 32 -.-.-. IENE h tlI [ <, azy wea ler'
l. 8 P M, 33 . '. . • : _

12 Noon. 36 :<'9,00 46 31 -1--:-' ---I NI:!., fllow. ' _

1._--_-_-_-l~31'~~~Il~1. -~=-~--I, 2~.6~ :0. :2. I } N;n'd ~l;:r~y, fnOW! _

iNo'Jn 40 29,68 47 35 , Calm, and fair. I
1

1
_48 P. M. H .... I' At Smeerell- N, hazy. ,---------:
15 Noon. 39 29,85 43 34 berg, Latitude NE, hazy.-----
8P.M. 35 . . • • >- 79° 44'. Variable and....:c:;.lo:.:u:.:d!,.y.:..._1--------1

16 N-=-o-o-n-,-'I--'3~8:"--I,29,97 --:P- 34 I Longitude ENE, hazy,

1 1....;7_
1
~":-~-n~-'_1_.--=~c:.~__ 1 29,80 ~4' '35' '1

905
0' 45" E. ~·t~~~;:-----

18 NOOIl, 46 29,78 -±2...: 2L NE, clear.-. I---------I
1---19-1 Noon. 37 29,7° 35 35 J NNW'I rain.
1----1 Midllight. 39 ESE, c oudy.

1 20_1~~>°"M' .--"j=-~__ I' 29,5° ~5 .. 35. '. 8~1~'11-_?_4_.0_~_I:.:~r=-w:.:'.:..~.:..~~::.:;.?:-.y.-·.I--~-~---1
4 A. M. 38 34- ISE, hazy and rain.
8A.M. ....0 35

21 Noon. 40 29,06 29 34 80 5 2 54 SE by S'1
4 P. M. 36 35 SE, foggy~
Midnight. 36 ' •..•• • SE,

1---2-2 Noon. 37 -',-', -'. -'.-'. -.' ',. 7~ 2:1 ~ 5.6 E._ ~N""E:-,-:-h-a-zy=-.-----I
' 1Midnight. 36t NNE, rain.
,- -2---:A-,-:-M=;-.-I-=-32--'~~-I--- -- -- --- NNE, rajn~-Ild""-':-ile-e-r.-I---";""'---

23 Noon. 37 29,98 3° 31 77 10 4 58 J .
-+ P. M. 3st ' , 34 • • W by N, cloudy.

1----' Vlidnight. 35 ..•• -·-'-i----I~-------I.------
24 4--:-A-."";M::-.-1---':3=-5~-1-- -- 3 If· • SW. cloudy,

1 I:..N:.::o::o:.:.;n:..,.,---.1_...::4~2~_1 29,7Q .-E- 33 75 59'l_6--:13:::-_I=C_a_lm--:.an_d::.::..c1~o..::.u~dY:""·__ I -----1
4 A. M. 36i ' .' , . . SE'b E 1. cloudy.

25 Noon. 42 29,79 31 40i 75 12 4 51 y ,J
1 1Midllight. 37 __ 35t _._. _·I_-:.... __ 1;8E, rain and .=il.::.ee:;.t·=--_I I

Noon. ----=4~2--1 29,71 26 42 73 19 1 46 SE ~y S, rainy.
26 6 p, M. 45 29,7' 25 41 I S, Hazy.

Vltdnil!ht. 42 29~78 25~ : S:. cloudy.

Clofe to the .ice,

-- I
Thermometer placed'
near the frozen ropes I
fell to 320t. I

Hygrometer placed in
Biltacle. ,

6 A. M. Thermometer
expo fed to the SUIl
IS' rofe 9°±.

Among the ice.

-----·----1

MeteorlogicalM3
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Winds and Weather. Remarks, &c.,Baro- 'Hy- Ma- Lati-

I
meter. gro- no- tude.

me- me-
ter. ter,

1---- ----, -""'0-- Indec. -0- -0- --0--' o ·-----1---------1
/4A,M. 43 .. 471' . . SWbYS,}

Augun 27Noon. 45 29,79 23 42 7240 0 14 E SSW, hazy.
Midnight. 46 ., . . SSW,

1----I---:---:-M:::--I-~'--:-l- --- -- --I ---

4 A.. 454 42;;:. . SSW, foggy.
Noon. 46 29>93 25 42 72 19 1 49 W W by S, tog and rain.

28 4 p. M. 45 . . 4zi· . . }
8 P. M. 41t ., . . N W, hazy.
Midnight. 42. . " .

I----I~,...--"'--I·----'--I-- -- -- --1---;;--:--1":..,...,.....,,....-·----1
29 Noon. 40i ]O,OG 21i 3S '71 9 1 28 SW, fair.

4 A. M. 44 -- -- 35lF'=-~-~--+.;.W;-:;-:-'b:.-Y-o::S:..:.,.}::-----r--------1

30 ~:dn~' ;j 3o,2!) 33 ~~~. 7~ 29 0 18 E ~ ~~~: cloudy.
8 P. M, 48 WNW,

1----1-----1---'---1-- -- -- ---;----1 -==-- 1-- _
4 A. M. 44 .. . . } WNW, cloudy.

31 8 A. M. 48 4zi. . .
Noon. 55 3°,23 39 38 69 3 ° 18 Variable and fair.
Noon. 50 30,23 54 3ii 69 01-0--2--I:::S,----':""}----

Sept. I 9 P. M. 46-k • • 38 . . . WNW, cloudy.
Nii";-o-o-n.--I----'5'-7-=--1 30,09 32~ ~ oS 14 ° 38 E, cloudy.

26 P, M. 52 44t 39 • . ESE, hazy.
8 P. M. 52i 40! 39i _._. _1 1ESE,foggy:
I A.lV1. 521' 25 39t - . ESE. tog:1y-.---- --
4 A. M. 52~ 231' 40 . ESE 1 e

3 Noon. 65 30,06 34t 59 65 57 0 8 SE, • 5 hazy.
8 P. M. 56 32t 4St, . SSE, cloudy.
Midnight. 53 30 4~i· . E.SE, cloudy.

1----1~8::-A-:--.;-'M:--.- 62 --- -2-9- -5-1- --- • ESE. clear. ----I

4 Noon. 58 30,00 37 51 64 58 ° 12 W Calm and cloudy.
1----14 A.M. 56 ---. -- 5 1 ~ --- SE, cloudy. --'----1----'-------1

8 A, M' 58 51 SE, clear •
. 5 Noon. 57 29,81 30 52 6.3 58 ° 54 f SE by~, cloudy and

~ ram.
____ I-M-;i;-d-:ni->;-g-ht-·I_..:!.5.:.6__ I · -±±.... ~ ISE by E, cloudy.

2 A. M. 55i' 44 5 [ } SE
4 A. M. 5bt 45 52 by E, cloudy.

6 Noon. 59 29,13 39 oo 62 27 1 12 J
8 P. M. 56 54 E by S, hazy.
Midnight. 56t . L _

!----18 A. lVll-
5
-;S"--- . 61 ----I...:::~~S-E-h------I--------

7 Noon. 6 I 29,02 _3_ ~ ~1_2~3,"-5 __ I",';-=---;',--a,.,..zy_,-:--
4 A. M. 5+ 33i 65 . . . SW, (mall rain.---

8 I) A.M. 5+i 33 64t· . . Squally and rain.
;:-N,...o_o_n_._1_-,,5'-() __ 1~ ~ ~ 2.U.2

1
__ ..::..9__ SW by S, hazv, Frefh gales.

'---9-1 No,lfi. 5b 215,70 _±..:.... 60i.J..2...--2 ° 37 wsw, ha~-- Frefh gales-.----

The weather was to
bad. and the /hip
had fa much motion,
that the Barometer
could not be ob
fer ved thi g day.

SW, ha·z~Y-:'''''-- I~ales. __
NW,lqually.

Meteorological Journal.

Day of
the

Month.

Fahren-
heit's
Thermo-
meter.

Time. Longi-
tude.

10 .. ,

29,20 I 41 -- ---5° 59 ~ I }2 E

57 :i,').3',) 122- 61 56 57 1 55

56 29,7° 3° 53 56 4 I 31

--- -- -- ---

II Noon.
1---12-1 Noon,
I----I----I-~--I

!
At I A.M. a very hard
gale of wind,

Squally weather.

14 N9oAo·nlV.L 29,79 } NW, dtto. } Hard gales.
1 1 52 29,89 2::.... 2.L ~I I

15 Noon. 57 29,59 ~ 2L ~ 0 29 WSW, rain. Very ha'l! gales.
1---....:.IN:.;-o-on-,--I----:::5~7-- 29,90 40 53 53 13 ° 1 W, cloudy. Moderate.

16 9 p, M. 29,70 . , . ., .. .; 1 rain. 1Squally.
I I~[O;__P-'_M_·_1____ 29,60 _._. _._. _'_. _. S { . !

[7 Noon. 55 29,50 ..1Z.... 2.£.. ~ ° 7 WNW, hazy and rair~!---
I---,....!.S·, ""'N,...o-o-n.--t-----"5..:.7--129,77 ...iL _._. ..J..:.Jl 0 II W W b~ooy-. - 1----_-_-_-

1
19 Noon. 61 30,08 50 52 42 0 29 W by S, cloudy. \
Noon. 61 30,00 ~ -.-. ~ ° 16 SW by W, hazy. I~F:-re-:I:-h-g-:al;-es.

1
2_o!_M_id..,..n"",igc.,.h,.....t'

I
_"""--"""--_129,90 ~__ J W by S, cloudy. =M_o_d-:e_ra~t:-e'- 1

10 A. M.. 61 44 SW by W, cloudy. Ifrelh gales.
21 Noon. 63 29,88 44 52 17 ° 5 SW by S, moderate.

10 P. M. 29,23 .__ __ S, hazy. Frefh gales .. 1
. } SW by S, hard gales ST--

and equally. I qua y.
WNW, rain. Strong gales.

1----
W, cloudy. } M d
SW b W di '0 erate.y , IUO.. I
I -----ISSW, cloudy.

13 Noon. SSW, rain.

Noon. 60 29,23 4522
1- 1~6P-._M_'_I'_-'--_I 29,43 _

Noon. 51 29,91 50 52 2 0 49
1 2_31~6..,...P_._M_·_I' 1 29.70 '_' _._._. • i

24 Noon. 57 29,50 45 .52 16 2 33

8 A. M. 29'661-'-' -.- ..r:':
25 Noon. 61 29,66 44 . .. • .

I I P. M. 29,80 . . . .. •. .,

52 28 I 35

:SW, J
/
SW hy W, cloudy.
WSW,

M4 MISCELLANEOUS



A,. P PEN D I X.· 131. .

MISCELLA.NEOUS OBSERVAT'IONS.

013SERVATIONS for determining the refraCtion in
high latitudes.

J
UNE the thirtieth, at midnight, the diftance of
the two oppoftte horizons, taken hy me with

Ramfden's fextant, was 179° 54-' ; the height of the
eye being frsteen feet above the level of the rea,
Auguft the fifteenth, at midnight, by the aftro-
nomical QQadrant, the altitude of the fun's
upperlimb 4° 16' 55/1 lower limb SO 46' d'

Error of the ~drant 32 -, 3
2

------
4 16 23

Seroidiameter - 15 5 I - ------
App. All. Sun's
center 4- 0 32 4 I 19

Co. Dedin.' 5 56 13 - 75 56 13

po - --
App. Lat. 79 56 45 79 57 32

True Lat. 79 44 3 79 44- 3

-
RefraCtion I 2

Dr.Bradley's tables I I
Allow for thermo I 1

Barometer, 29,6

42 IS 29
IS 12 21
53 13 2.
Thermometer, 37°

M5
AuO'uft
• I:>
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Auguft the twentieth, at midnight, the lim's me-
ridian altitude by Mr. Harvey, 2° 25' 00"

Dip 3 49

.2 21 I I
Semidiameter + 15 52

Altitude of the Sun's center 2 37 3Co. Declin. 77 31 2,6
--

App. Latitude 80 8 29
Refr. by the tables 16 44-
- . True Latitude 79 51 45.....
--Hakluyt's Head-land S BE
Cloven Cliff EB S t S
Variation J 9° 30' S,

It may not be improper to mention here that
Baffin, in 16 I~, made an obfervation of the re-
frattion when the fun was in the horizon, in lati-
tude 78° 46', which alfo agrees exactly, with Dr.
Bradley's tables. It may the.refore be prefurned
that the refractions in the higher lati tudes follow
the fame law as in rhefe.

5pecific
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. Specific Gravity of Ice, tried by Dr. Irving ..

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

the furface of the water.
In brandy juft proof, it barely floated ~ III

J;eCtified 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 fathorn. Some time before the lafl line was
out, we perceived a flack, and that it did not run
off near fa quick as before. When we got the
lines in again, the firft coil' came in very eafily,
and twenty. fa-thorn offhe 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 meafmed, by which the depth was
found to be fix hundred and eighty-three fathoms.
The lead weighed above one hundred and fifty
pounds, and had funk, as appeared by the line, near
ten feet into the ground, which was a very. fine blue
foft clay. A bottle fitted properly by Dr. Irving
(none of rhofe fent out having given (atisfa~ion)
was let down, faftened to the line, about two fa-
. tbom 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 q-t fifty-five degrees ;---in
the Ihade, the heat of the air was Iixty-Iix degrees,

~

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

Day or the Depth in Tempera- ICorrection ,Temperatureot Heat of the
Month. Fathoms to ture of the/or Com- 'the Sea ,at the Air.

which it Water 'as Ipretnon and greateil: Depth
was funk, (hewn by lunequal Ito which it wa

the 'Inil:ru~ Expsnfion 'funk,_ correcref
merit. 1of Spirits, Ifor Compreffion

and Expanfion,--'. ... - > - .
° , 0 0 0

.... ' j , , I;
June 20 780 15 II " '26 ~ 48f'
30 A.M. I 18 3° I . 31 40t
P.M. i 115 .; 44~33 ° .33

A uguft ~I I 67,'), 22 10 3Z
~ : 59t,

It appears from the experiment of July rfl, in
which the inftrument was compared with Fahren-
heit's thermometer at different heats, that the ex-
periment cannot be depended on to lets than two
or three degrees, as the refults drawn from 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 J6 Is,71Therm?meter,
Diftilled water 21 4, J 6 S 530 ;

which is, as 10J92 : 1°477,7; or, as 1 ; 1,028°3.
The quantity of dry faIt produced from the above
water, was 13 dwts. J 5 grs. ; it appears, therefore,
that fea-warer 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
ufed bi Dr. Irving to prevent th~ temperature from
being altered, as well as of the allowance made by
Mr. Cavendifh for compreilien, as they' communi-
cated them to me. _ .

The following is-the account of the precautions
taken by Dr. Irving to prevent the temperature of
'the.water beingd;anged in bringil~g up from the
bottom:

, "The bottle had a coating of wool,' three inches
0\ thick; which was wrapped up in an· oiled fkin,
" and let into a leather purfe, and the whole indof~d
" in a.well-pitded .canvafs-bag, firmly tied to the
" m?u~h of the. bottle, fo that not a drop of wa tel'

. . " could
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" could penetrate to its furface. A bit of lead
" fhaped like a cone, with its bafe downwards and
" a cord fixed to its Imall end, was put .into the
" bottle; and a piece of valve leather, with half a
" dozen flips of thin bladder, were ihung on the
"cord, which, when pulled, effectually corked the
,. bottle 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 Phil6foph ical Tranfactions,
" Vol. L.Page 3°8; fo that I imagine it is unnecef-
" Cary to mention it here. But Iince 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
" a correction nea.fraty on that account. There is
" another (maller corret'tion neceffary, owing to the
" expanfion of fpirits of wine by any given number
" of degrees of ,Fahrenheit's thermometer being
" greater in the higher degrees than the lower. As
." the method of com pUling thefe two corrections
" is not explained in rhatpaper, it may be proper
" juft to mention the rule which was made ufe of
" in doing it.

"In adjufting the degrees on the Icale of this
"thermometer, the tube was intirely full of Mer-

" cury,
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" cury, or the MercuryftQGld at no degrees on the
" Icale, when its real heat was (6.5° of Fahrenheir,
" Let the bulk of the Mereu:ry contained ar t<~at
« time in the cylinder be calied M; and that of the
", fpitits, S; let the eocpanfiolilof {pjrits of wine
" by 1° of Fahrenheit, about the heat of 650,
"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 65°,
" as s x I - X to I; let the expanfion of Mercury
,: by one degree of heat be to its bulk at 65°, as m

Ss+Mm 1 h,', to I; and let· s s be called G; et t e com-

'" premon of fpirits 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 rea at the depth to
:" which the thermometer was Jet down, be to its
" bulk at 65°, as C to' J ;' the comprefTion of the
" Mercury is fo fm,all that it may be negleCted; let
" the thermometer be let down N hundred fathom,
., and when brought up and put into water of 650
"-F degr.ees of heat let the MeFCblry in the tube
"ftand at E degrees; confequenrlv the heat, as
" {hewn by the thermometer, is 6So-F-E: and let
" the real heat ~f the fea at the depth to which it
" was funk be 65 -. x .degr~es; then 65° _ x ~

"6 o_F_E+ eN. EdxE+F+x ~~x'F+x
5 s G 2 G + 2 s (,z •

"In this thermometer S = I 160; M = 97; the

, ~' expanfion

,
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." expanflOn 'of the fpirits ufed in making it by 1° at
« the heat of ()'50, was found to be 186 of their, 17

" b 11 h hI" . 1~ 1,U ( at t at eat; nat IS S = ----8 ; m == -- ;, _ I.7 o : 1 1 5°0
" rherefere G == I,Olj.. From M. D Luc's ex)?e-
" riments *' it appears, that the expan.flOnof fpirit6
" of wine by 10 at any degree of heat, as 65°
,"-:. s, is to its .expanfl0fi by 1° a-I'6!t~ nearly as. . .X I .
" 1 __ to I: therefore, d = -. The com-

315' 315
," p.reffiieHixyof threfpirits ufed for this thermometer
'" at 1he h.e.at of 5go, was found to be exaetl y the
, " fame ,as M~. 'Canton determines it to be at that
" Beat; and"therefere -tts compre:ffillDil1t]lat all other
t" 'degrees of heat 'is £t'lppefed to be the fame as he
" makes it. According to his experiro~~tst, the'
"'€qffiprefiion of fpirits of wine by the prdfure of
" .29
t
inches of Mer~ury at the 'beat. of 32°, id efl,

" nearly the heat 'of the {ea in rhefe experiments, is
"59~ millionth' parts of its bulk at that heat;

C -,
, •. thevefore ~ ==1, 9 and 65-' x == 65-F-

E
s G -' .

'" Modifications. de l'Atmofphere, vol. I. pag. 252•
t Phi.lofophical TranfaCtions, Vdl. LlV .. page 261.

OBSERVATIONS
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OBS ER v A rroxs 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 atmofphere 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 540.

September the twenty-fecond. The fea~water
was 600; the atmofphere, 59°: the wind at S W,
.a frefh gale.

OBSER VATr~Ns for determining the height of :II;

Mountain in Latitude 79° 44' ; by the ;Barometer,
and Geometrical Meafurement.

Obfervations 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 fl:ood at 3°,°4°
The Thermometer 506
On the' fummit of the mountain, about an
hour and three quarters later than the firfl:
obfervation below, 28,266

Thermometer 420

About an hour later at the fame place' 28,253

Thermometer
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Thermometer 420 inches.
By the fea fide, where the firfl obfervation
was made, and about three hours later 3°,°32

Thermometer 44-0

Height of the mountain calculated by M. De Luc
from the firft obfervation 1585 feet
From the fecond obfervation 1592..
Mean I 588~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 object) 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 Ramfden, 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) at right
angles to the Itation 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 [even teen fathom each;
in all, five hundred and forty-four yards, The
di vifions 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
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telefcope being kept directed to the fummit of the
mountain, and the moveable one directed at right
angles each 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
verticalarch, as a means of deteCting any error in
the obfervation, and was found to be 80 50' .. The
diflance not eJ)abling me to take the depreffion of
any particular part of the ftaff by the fea fide under
the land on the other fide accurately, I tent a man
to fland clofe before it, and took the depreflion
nearly to his eye, which was found to be 10 54'.
The inflrument was then removed to the Ilation on
the right (B). The inflrurnent being adjufled with
the fame precautions as before, and the fixed tele-
fcope pointing to the center ftation (A); the angle
to the mountain was 840 58', the angle to the flation
by the water fide (C) 2940 44'. The inflrument
was then removed to the ftation by the rea fide (C),
the fame precautions ufed in acljufting, and the
fixed telefcope pointing to the center (A) in one:
with the mountain, the angle to the ftaff on the
right (B) was 240 44'. Intending to make the tri-
angle BCD ifofceles, and imagining there might
be fome little error from the unevennefs of the
ground, I fet off the theodolite an angle equal to
the lafl, having a perfon ready with a ftaff on the
bafe line to fix it where that angle Iheuld interfect
on looking through the telefcope , I found it cut

exaCtly
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exaCtly at the ii\:affD 335° 16', and from thence
concluded the meafure of the bale to be exafi. I
then took the altitude of the monntaiI<l hy the ver-
tical arch 7° 44-'. I then removed the infhument
to theftation CD) to take the third angle; but from
the badnefsof the ground, Icould not place the
inftrument exactly over the fpot where the ftaff
Ilood , from hence I took the third angle of the
triangle; the fixed telefcope pointing to (A) and
the fame precautions of adj uflrnent being obferved,
the angle to C Came out 65° 151; lefs by one mi-
nute than.it Ihould have been. I then took from
the fame place the angle to the mountai-n (E) 275°
I'; more by one minute than the lColifcfpondil!g
angle at the oppofite ftation (B): but the errors
correcting each other, the whole angle CD E ==
1500 14-' = the whole angle C BE. feet:
By the triangle ABC, A C comes out 1771,4-
By the triangle ABE, A E comes out 9265;0
Therefore the diflance C E is J 1036,4- feet.

Angle of the mountain'selevation feen [FOmC 7°44' :
Height of the mountain above C 1498,8 fee~:
+ height of C above the water's edge 5 :
Heigh t of the mountain above the water's
edge 150 3,8 feet.
I prefer this obfervation to the others, becaufe

the three angles of the triangle ABC came out
exactly 18o degrees by .the obfcrvation. The dif·
tance A C; found by the computation, differed only
four feet from that by the meafure , but, the gronnd

being
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being uneven, J did not depend upon the meafure,
but took it merely as a check upon the operation,
to detect an error, in cafe of any great difference.
The diftance found by the fimilar triangles
BeE and C DE comes out 11°37 feet;
The angle of the mountain's elevation
feen from A was 8° 50' ;

Hence the height of the mountain above
A was found I439,~ feet:

Depreflion of C feen from A was 1° 54;
Hence the height of A above C is
Height of the mountain above G
+ height of C above water's edge
Height of mountain above the level of
the rea 1503,5

which differs from that found 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 geometrical mea Iure,
the agreement of fo many triangles, each of which
muft have detected even the Irnalleft error, is the
moil: 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.

A P P E N D I X.

OIlEER v ATI.ONS
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OESER VATllims for determining the Acceleration
of the PENDULUM.

Dercription of the Pendulum with which the Ob-
[ervations were made, by Mr. Cumming.

"THE apparatus with which the following

" experiments were made, was prepared for
"the voyage with all the care which the (bortners
"of the timewould admit, and particular atten-
" tion was paid to its fimplicity. The penduhlm
"was that which the late Mr. George Graha'm
"had conftruaea, to afcertain the exact difrance
"between the center of motion and center of
" ofcillation of a pendulum to vibrate fecondsat

" London.
" The ball is a fphere of folid 'brafs, whore dia-

" meter is three inches and ninety two hundredth
" parts of an inch; and whofe weight is nine pounds

" and one quarter.
"The rod is a round fteel wire, one tenth of

" an inch thIC~, and is [0 firmly fcrewed into the
"ball, that it cannot be unfcrewed by hand, nor
"the length of .th~pendulum ·a1t~rea.without the
" application of proper in1lruments for that purpole,
" there being no adjufring [crew as in clock-pen:'
" dulums. .
" The axis of the penduli;JliPl,'isofhard-tempered

"freel, nearly two inches long, and moves on an-
" gular, or knife-pivots, whole edges are formed

.N "Wilh
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" with great care, fa as to lie exactly in the [arne
" right line; the pivots are formed nearly to an'
" angle of thi.rty-eight degrees· from the' edge to
" the back; the fharpnefs of the edges is taken off,
"and they are carefully rounded, fo 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 part of an inch.
" Thofe pivots move in angular notches made

" in two pieces of hardened fleel, 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; an~
" two plates of hardened fleel are fcrewed againft
" the angular 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
" Ihould chance to touch.
" Towards erie end of the axis is pierced an ob-

" long (quare hole, from the upper to the under
" fide, into 'which the upper end of the pendulum
" rod (having irs fides fomewhat flattened) is fitted,
" without (hake, but in fiich manner that it moves
"freely therein from back to front, round a free!

" 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 perperi-
" dicular, without any tendency to bend its rod, a.n~
" by that means alter its time of vibration, even
,~ though the axis be not accurately adjufted to a
" level pofitic)D: The error which might arife from
'." accidental fricrion on the above fuppofition, of an
" inaccurate kvelling of the axis, is obviated by
" means of the fteel plates againi1: which the 7Jery'
" central point of the loweft pivot muft in fuch cafe

'S act,
" To the other end of the axis, 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 precalltion is the
"lers neceffary, beca.ute the weight which keeps
" the machine in motion is fo adjufted, .as to make'
"the angle of conftant vibrations as nearly .as
" poflible the fame with the angle of fcapement;
.' that is, to make the vibrations the Ihorrefc, that
," will admit of the wheel to efcape the pallets-: by
" this means, if the oil applied fhould become
"gIPtinous, fo as to. diminifh the aCtion of the
" wheel on the pendulum, or if any other circum-
" fiance (hould happen to Thorten the arc of vi-
"bration of the pendulum, the w,eight which
" keeps it in .rnotion ..muft Be increafed, till it is

N ~ " found
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" found jllft fiifficient to keep the machine going;
<' by-which means there is a certainty that the pen-
" dulum vibrates fimilar arcs in each experiment,
" even if the oblerver fhould not attend to that
" circumftance.
" The [wing-wheel is made of tempered fteel,

" and the points of its teeth are left much thicker
" than they ufually are in clocks, in ordertoavoid
" accidents; it has thirty teeth, and carries with
" it a divided circle which [hews Ieconds.
H On the axis of the [wing-wheel there is a pi-

"nion, on which another wheel acts: and in the
" axis of this laft, there is a final! pulley, in the
" groove of which is applied the line which keeps
" the machine going, by means' of a weight and
"counter-weight, In the manner defcribed by
" Huygens in' the eighth and eighteenth pages of
" his lIorologium rfctllatorium: this method is the
" fimplet1 of any for keeping the wheels in motion
. " while the weight is winding up, and is peculi-
" arly advantageous in fuch machines as this, which
"require frequent winding: the weight applied
" to this machine was fix ounces Tray, which with
"a defcent of thi~ty-two- inches kept it going for
" three hours, with a vibration of three degrees.
" The whole is contained in a t1rang braes frame,

"[crewed on the top of a th ree 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 back leg extends

" three
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~, three feet four inches from each, of the front
"legs, at which diftance the three legs are fo
" connected at bottom, by horizontal rods, that
" they cannot poffibly. alter their relative pofitioo;
"by thefe means the point of fufpenfion of the
"pendulum is rendered much more immoveable
" than could be done in any portable clock having
" a cafe of the ufual dimenfions, without great
" trouble, and an apparatus ill fuited for experiments "

" of this nature.

" In the middle of the horizontal bar that can-
t, nects the front legs is fixed a piece of Iilvered-
"glafs, by 'means of which the whole machine is
" readily adjufted to its proper pofition: the lower
" part of the pendulum-ball hangs directly over
" this mirror, on which is drawn aline from back
" to front; and when the image of a fmaU pin,
" which is fcrewed into the lower part of the pen-
H dulum, is feen bifeeted by this line viewed di-
" ret1ly 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 thet-
" 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; oil prefling which
" with the finger, the pendulum is difengaged in
" ail ii1ltant: hence the vibrations rnufl be of equal
" extent in €overy experimeht.

" The wooden flahd which fupports the pen-
" dulurn is [0 cohftructed, that it forms an oblong
" [quare box, in which the pendulum, with every
h part of its apparatus, is with great facility and
" expedition packed; (0 fecurely that no part (an
"receive damage; and the whole is fa portable,
" that it ltlay with eafe be carried on a man's
" Ihoulder to any acceflible place.

" This pendulum immediately before the voyage
" was compared with a well-regulated eight-day
"clbck, 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 fixteenrh the Pendulum and the Equa-
torial Inftrument were landed on a Ilnall rocky
ifland in latitude 79° 50' N; and the pendulum
being carefully fet 'up in a finall tent erected for
that purpole, and its pofition truly adjufled, a,
thermometer was fufpended ob the hook behind the
pendulum rod; and the pendulum being repeat-
edly put in motion, it was found to flop, till a
rnufket bullet arid 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 rock,
and being in this cafe to be ufed only as a tranfit
inftrument, no attempt was made to adjuft it ei-
ther to the latitude or meridian of the place; but
the azimuth and equatorial circles being truely le-
velled, the relefcope was directed towards the fun,
and fo elevated that it fhould pals as near as pofli-
ble through the middle of the field. The inflru-
merit being thus prepared, the Weft limb of the
fun was obferved to touch the Eaft fide of the ver-
tical wire in the telefcope at sh 19' 28" in theaf-
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 fide

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-
{ion its diameter to take a longer time in pafiing
than if it croifed 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 a
half, from the time that the fun's limb touched the
wire on the Iixteenth 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 cornparifcns made of the rate of the going of
the pendulum with my fecond-watch: in making
which, I always took the time by the watch, when
the pendulum (hewed 60": thefe comparifons were
chiefly intended to prevent a miftake of a whole
'minute in eftimating the acceleration of the pen-
dulum, which only Ihewed feconds, having no
index for minutes:' and as a candid inveftigation

of

>IF July the fixteenth P, M. at S~ 19' 28/1
by the watch; the angle S between the ver-
tical circle of declination was 10° 49: the
fun's altitude 20°; its declination 210 8' :
the change in the fun's declination in 24h,
was 10' III;; hence the time of the fun's
cqming to the fame vertical hair of a telef-
cope, will be retarded 44/1, I : for.(by Cotes, S
lE/li1J1(ltio Errorum, Theor. 35.)
.As fine Z P or cofine latitude,
Is to tang. S. Io~ 49' ;

So is the cj1ang~ in declin, I()' 11"line,

To 11'1" the change in the hor. angle fine,
Which turned into time, gives .....
The change in .the equation of time is

Therefore the interval between the two l
tranlits is .r

It was, obferved ...-..,. --,-

The difference is the ~ain of the pendulum

z

p

Com. Ar. 0,75322
9,2811 7
7,47161

7,50600

44",1
5,4--

24h 0' 49.)

24 (2) 4,5---(I) 15
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 objeCt of my wifh, I 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 originalobferva-
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 fuggefi:, and
the materials here giver} may warrant.

To lind the time of rhe fun's diameter plllling a vertical hair.

(Cotes, lEjlim. Error. 'Theor. 21.) ,
. S Coniine declination Compo Ar, O,0302~

As the prodUCt of l Confine,S. '"- Compo Ar. 0,00778

Is to rhe produCt of Radius and Cor. Altitude; 19,97Z98

So is the fun's diameter in time 135",6, 2,13
226

To the time f/ught 13911,1=2' 1911
,1 ,- 2,14326

2' 21/1,0
It was obferved

pifference -Alrhougb the obfervatiQo of the (un's,diameter paffing the
wire has no immediate conneCtion with our concluiion ; yet the
agreeluent between the calculated and, the obferved time of its
palling, ferves to Chowthat the proper allowance was made for
the obliquity of the direCtion in which it paiTed the wire., Day



154 A P PEN D I X.
Uay of the 1\IU '!-'Ime by the/Time by the Thermo-'Remarks-:-
Month. Watch. . Pendulum.meter./1------- _

It I It 1/ I
July 16 1 I 5 19 28 60 50 f ,Equatorial
.P. M. S fixed.

2 6 3000 49t
3 7 00 00 50

4 8 00 00 49
5 3 30 00 49
6 9 00 00 45
7 9 30 do 45
8 10 00 00 45
9 I I 00 oo 45
10 II 30 00 48f
II 12 00 00 48t
12 12 30 00 46
13 12 39 14 60 5 I

.7 AM. 14 10000 50!

15 2 55 9 60 49 .
[6 5 .00 00 45
17 6 00 @o 44
18 7 00 00 49t
19 8 00 00 47
20 9 OCJ 00 49f
2I II 2 23 60 58t
~2 12 00 20 60 56

P. M.23 I 00 00 5.4,
24 2 30 00 522
25 3 30 00 56
26 4 00 00 55f
27 4 46 Iof 60 52t

5 Tr.anGt ofl the Sun's
. W.limb.

1,Tranfit of: the Sun'sIE.limb.29
6030 5 24 9

It
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It has already been [aid that the watch was ufed

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 transferr ed
from the foregoing table, to that which follows,
for the convenience of arranging them according to
the length of the intervals,· beginning with thofe
of the fhortefl duration: fo that the conclulion
from each period becomes a check upon thofe that

follow.
In this table the firfl column refers to the original

.obfervations, from which a conclufion is here to be
drawn; thus, in the firf\: line, we find 27-30'
by which is meant that a conclufion is to be drawn
in this line from obfervations 27 and 30, that is,
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 expreffes the interval of time
by the watch, between each pair of obfervations
referred to in the nrf\:. .

The third column (hews how.much the pendulnffi
gained on the watch, in each period expreifed in
the fecond. .

The fourth column {hews the mean height of the
Thermometer for each period. 'The
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'The.f.fth column'exprefTes the difference between

this mean height, and 60°, the height of the ther-
mometeratLondonwhen the pendulum wasadjufted.

'The jixth column {hews the contraction of the
pendulum rod by the degree of cold' expreffed in
the fifth column, according to Mr. Srneaton's ex.
perirnents, publifhed in N° 79 of the Philofophical
TranfaClions for the year 1754.

Tb« Jevmth column fhews how much this contrac-
tion would make the pendulum gain during each
period of the fecond column.

'The eighth column Ihews how much the pendu-
lum would have gained on the watch in each pe-
riod, if the thermometer had remained at 60°, and
therefore no contraction of the pendulum-rod had
taken place.

The nz'nth column Ihews 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 Ihews how much the pendulum
would have gained on the watch, in each period;
allowing for its lofing at the rate of four Ieconds in
twenty-four hams, and fuppofing the thermome-
ter to have remained conftantly at 60°.

'Fheeleventh column (hews how much the pendulum
would gain per hom according to the rate of accele-
ration given in the tenth column for each period.



27-3
21-2
13--:"1
22-2
22-3
21-2
21-3
I-I

15--2
15--2
1--1

13--2
13-2
15-2
15--3
13-2
13--3
1-2
'1~2

1-2

1--3°F

, in Latitude 79° 50' N.

0,10
0,15
0,37
0,7~
0,9°
0,95
1,05
1,21

1,34-
1,51
1,60
1,72
1,88
2,3°
2,4-1
2,68
2,78
2,94-
3,1 I
3,9°
4-,01

. 1 9 10
Obfervatio d Time loft by Time gained by

L d - the Watch, the Pendulum Oil
rererre to' .e accord 109 to the Mean TIme.

its Rate of go- allowing for the
e ing, as deter- Thermometer

J'mined by the and Rate of the
Tranlit. Watch's loling.

~ ......-.......--0 .- ---I
If 1/

1,34-
2,82
4,35
8,37
9,66

.11,18
12,54-
11,73
43,61
46,5 I
16,07
48,02
50,81
54-,92
56,21
59,71
61,00
59,76
62,56
71,02
72,27

I I
Ratio of
Accelera-
tion per
Hour.

2,12
2,93
1,92
1,75
1,79
1,95
1,97
1,60
5,37
5,12
1,67
4,62
4-,4-7
3,96
3,88
3,7°
3,64-
3,37
3,34-
3,02
3,00

157
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It
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TAB L E [AJ ,

"Obfervations with the Pendulum from the t oth to the r Sth of July, 1773, in Latitude 79° 50' N.·

I ~. 3 4-. 5 6 7 8 9 10
Obfervations Du.ratlon In Se~onds M~an Dlfference. between Contraction Time gained Time gained Time loft b Time ained b
referred to. ~me hby the gained by Height the Height of the of the Pendu- on the Watch bJ:'the Pen- the Watch,Y the Pen~ulum o~

ate. the Pendu- of the Ther~ometer at lum Rod ~y by ~he Con- dulum on the according to the Mean Time
tum on the Ther- ~he TIme of Ad- the. Cold, In n ad ion of the Watch cor- its Rate of go- allowing for the
Watch. morne- J~fiment at Lo.n- Parts of an Pendulum rod. rected for the ing. as deter- Thermometer

ter. don, and the Time Inch. Thermometer. mined by the and Rate of the
of Obfervation. Tranfir, Watch's IDling._______ 1-. 1---

H ' /I

27-30 ° 37 58~
21-22 ° 57 57
13--:"15 2 IS 55
22-27 4- 4-5 SO±
22--30 5 234-9
21-27 5 43 47f
2r-30 6 21 46
1-13 7 19 4-6
'5-21 8 7 14-
15-22 9 5 I I
I-IS 9 35 41
13-21 10 23 9
13-22 II 21 6
15-27 13 51 q.
15-3°14 29 °
13-27 16 6 56t
13-30 16 4-4- 55
1-2117 42 55
1--22 18 40 52
1-2723 26 42t
I --30l24 4 41

/I ° °

7
5t
5t
12,

'2
I I I

4:

9i
12
JOI .-
10
8
8i
6
6i
Id
10£
9t
9:t

I 1
Ratio of
Accelera-
tion per
Hour.

/I

_~ _-""- _.......-..0 ._ ---I
/I

0,06
0,03
0,28
0,25
0,44-
0,37
0,41
1,°9
1,°5
0,98
1,33
1,26
1,3 I
1,28
1,38
I, I I
1,22

2,3°
2,33

, 2,58
2,72

II

1,4-4-
2,97
4,72
9, 15
10,56
12, I3
13,59
12,94-
44-,95
48,02
17,67
49,74-
52,69
57,22
58,62
62,39 .
63,78
62,7°
65,67
74-,92
76,28

/I

0,10
0,15
0,37
0,78
0,9°
0,95
1,°5
1,2 I
1,34-
1,5 I
1,60 ,
1,72
1,88
2,3°
2,41
2,68
2,78
2,94-
3,1 I
3,9°
4-,01

/I

1,34-
2,8~
4,35
8,37
9,66

.11,18
12,54-
11,73
43,61
46,5 I
16,07
48,02
50,81
54,92
56,21
59,71
o r.oo
59,76
62,56
71,02
72,27

3
5
9t
1I
I2!.•

52
57
49i
53*
53
54~
54t
47t
48:1:
50i
48
49~
5°
52
5Ii
54-
53:1:
48;}
4-9,i
SOt
50k

,0020
,°°°7
,0027
,0015
,0017 '
,00 I4-
,0014
,003 I
,0028
,0023
,°°3°
,0026
,0025
,0020
,0021
,0015
,0016
,0028
,0027
,0024
,0024-":.-_---=-~-_.:.--------------'---
N 7

2,12
2,93
1,92
1,75
1,79
1'95
1,97
1,60
5,37
5,12
1,67
4,62
4,47
3,96
3,88
3,70
3,64-
3,37
3,34
3,02
3,00

It

14-
14
46
49
19
51
54
58t60
63t
65
65
6~
77~
79
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It appears by the original obrervatlons that the

pendulum began its vibrations at 60/1, the inflant :

in which the firft limb of the fun was obferved to

touch, the fide of the vertical wire in the relefcope
of the Equatorial, that is,' at five hours, nineteen
minutes, twenty-eight feconds in the afternoon by
the watch, on the i 6th of July; and by every
comparifon of the pendulum with the watch, that
the pendulum 'was conf.l:antly gaining on the watch,

and in' a period of twenty-four hours, four minutes;
forty-one feconds, had gained on the watch Ieven-
ty-nine [econds , and when the revolution of the
fun was 'completed, it appeared, -that the watch
had loft four feconds in the exact periodof twenty-
four hours; therefore, if four feconds loft by the
watch, be fubtraCter:l 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 ...

lurn rod by the cold,
. The odd fifteen feconds are determined by ob-

ferving, that the pendulum (hewed four feconds
and a half exactly when the fun had again return-
ed to the vertica1 wire; fo that this period is de-
termined wholly by the tim, and totally indepen-

dent of the watch ; but as the watch is found by

the {arne obfervation to have loft only four feconds,
recourfe is had to the intermediate comparj[ons ·of

it with the pendulum, which clearly {how that the
pendulum
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pendulum had gained one whole 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 lote 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 all 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 lim
only S", 7s; and from the rate of going of the
watch, determined by the. revolution of the fun,
only 1",79: hence there can be no poffible 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 afhonom.ical quadrant of eigh-
teen inches radius, the watch was computed to

have loft slit, in twenty four hours, which differs
from the rate given by the revolution of the fun
only J /I~; this may [erve to !hew how far the
mean of a great Dumber of obfervations by the

fame
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fame 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 (how 4t
feconds, my attention being wholly engaged in
obferving the pendulum. The watch was found
to have loft 77/1 i by the pendulum, in twenty-
three hours, twenty-fix minutes, forty-two feconds
and a half. An allowance according to this rate for
34/ 4// (the fupplement of the 1aft obfervation by
the watch to the time of the fun's paifage when
the pendulum fhewed 4/1 t) amounts to I//~..
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 Ieconds and
a half, by the watch; which had therefore lott'
four feconds in twenty-four hours.
As the comparifon of the watch and the pendu- .

lum in this one inftance is not from aClual oblerva-
tion, at the ieflant, but fuppofes that the watch
had kept for thirty-four minutes to the fame rate
of bung at which it had been obferved to lore
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 perron may have an oppor-

tunity
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tunirv of judging how far it ought to be admitted.
Upon the whole it appears, that by the revolution
of the fun" corrected for the oblique direction in
which it pafled 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
J 6th, to the time of its touching the fame wire on
the 17th of July, that the pendulum gained Ieven-
ty-five feconds in twenty-four hours. But as the
mean heigh t of the thermometer for the time of
this experiment was 9°* 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 con traded ] 020400 of an
inch, and to have gained on that account 2,"72;
fo that the acceleration of the pendulum ariGng
only from the difference between the latitude of
London and 79° 50' N, is 72/1,28.

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 inflrurnents were taken on board, and
the Ihips failed immediately.

Auguft
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AUgllft the fourteenth, we landed the Pendu-

lLun, Equatorial Inflrument, and aftronornical
Qgadrant on Smeerenberg Point, latitude 79° 44-'
N; and fet up the pendulum in every refped 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-

atl:ly 6h 0' a" P. M. by my watch, from which
time it was frequently compared with the watch,
till Sh 50' A. M. the 15th; wh~n the pendulum
flopped. It was again fet a going with the addi-
tional weight which had formerly been ufed, when
the watch was exactly 6h 00' 00", and continued
going from that time till after five in the morning
of the 18th, 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 r Bth
A.M. when they were repeated to afcertain the rate
of the watch's lofing,

o Day
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lJay ot [he N OJ Time by [he Time by- Ther- Remarks.
Month. Watch. Pendulu». mom.---- --- -- ----hili II 0

15th A. M. 4- 5 00 09
5 6 00 00

P. M. 6 2 09' 22k

7 8 59 49
16th, A. M.8 2 00 00

930000
10 4 00 00
1150000
12 6 00 00
13 7 00 00
14 8 00 00
15 9 00 00
16 IO 00 00

17 [I oo 00
1812 00 00

19 I 00 00

20 2 01 39t

21 3 01 .34k

Aug. 14th, <. 1
P. M. .J

2
3

Noon
P.M.

6 00 00
7 29 E3t
12 13 30~

60
60
60

60
60
60
60

60
60

44-
43
40

-36
35
536
£36
37
~36
136~
37
~6
37
361
37
37
37
37
37
37
37
37
39

The Pendu-
lum fet ago-
ing with the
sddirional
Weight.

Da,
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-Day 01 the IN0 I Time by the rime hy] her- Rernar ks.
Month. Watch. Pendulum mom.--\-I~~ " -:-----

.22 7 13 16 60 38
23 9 00 00 38
2410 00 00 3H
2511 00 57 60 J7

Midnight, 2612 00 00 38
Aug.: 7th, } IA. M. 27 I 00 00 38

28 2 00 00 38
29 3 00 00 38
304 00 00 3H
31 5 00 00 37t
32 6 00 00 38
33 7 00 00 37t,

34- 8 00 00 37 k
1

35 9 00 00 37 t
3610 00 00 38~
3711 0000 37
3812 0000 39t
39 I 00 00 40
40 2 02 58 60 41
41 4 23 45t 60 40
.4210 00 19t 60 39

Between five and fix in the morning of the eighteenth,
it blew hard, and the PendulllrJ.l fi:opped.

Noon
P.M.

02 The
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The following table is conftrut\:ed 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
Pend'ulum in twenty-four hours, according to the
. time by the watch, corrected 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 2311,7
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 laf]
eight periods, beirig thole of the longefl duration;
and thefe obfervations being already corrected for
the thermometer; .a mean is taken from the whole
as the true rate of acceleration of the pendulum on
mean time in twenty-four hours.

TABLE



_!l------------------
773, in Latitude 79° 44-' N.-- - -------

10 I I I 12
ObC. by Time gained by Ratio of Ratio of accelera-
ons ,ac- the Pendulum on Accelera- tion of the Pendu
red 0 its the Mean Time, tion per lum on the Mean

ing, allowing for the Hour. Time in Twenty
ined TherUlOmeter, tour Hours.

un's and Rare of the
Watch's IDling.

" "
20 3,75 3,75

I 4,78 3,19

4°
9,65 ~ 4,1 I

41 3 ]9,12- 3,41

I 21,95 3,52

~t 27,'20 3,34-
37,4-4- 3,41

5
41,04 2,73 "

25 69,04 3,00 72,07

'21 67,91 2,95 7°,79

6 72,85 3,°5 73,24-

20 7 1,78 2,99 71,7 I

6 76,66 3,08 73,98

21 78,08 3,°7 73,86

6 14.6,81 3,06 73,57

5
200,63 3,13 7S,23

Mean 7'3,06
Which gives oil,
Acceleration of
the Pendulum on
true Ti».e [r ou-
[he change of Igt

From
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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 feventy-three
feconds, and fix hundredths of a Iecond , 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 18th days of
Auguft, was afcertained by a mean of fifty-five al-
titudes of the fun, I am inclined to give the pre-
ference to the obfervations of July, where the exaCt
period of twenty-four hours was determined by a
revolution of the fun, obferved with a relefcope
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
expeCted; yet a fmall irregularity in its 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 alti-
tudes of the fun taken on the J6th and 17th July,
differed only one fecond and a half from that ob-
ferved by the revolution of the fun, there is rearon
to believe that the period of three days, determined·

04 by
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by a mean of fifty-five altitudes, taken on the 15th
and r Sth of Auguft, might be relied on to one
fecond at molt: and that, although the conclufion
fj am the obfervations of Augufi are not fa decifive,
on account of its depending in forne fmall degree on
the regularity of the watch, it firongly corroborates
the conclufion from the oblervations ~n July, as it
proves that the acceleration of the pendulum pro-
ceeded from an uniformcaufe, which produced
equal effects 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 fa
well, that no fenfible difference could be difiin-
guifhed in their beats for the {pace of twelve hours.

From all which circumflances it may fairly be
concluded, .that a pendulum which vibrates feconds
at London, will gain from Ieventy-two to Ieventy-
three feconds in twenty-four hours, in latitude 790
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 eornputation than any
others which have hitherto been made.

According
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According to Sir Ifaac Newton the
Pendulum gains in latitude 79°
50" 66/1,9;

'In which cafe the equatorial dia-
meter would be to the polar,as 230 to 229:,

According to Mr. Bradley's com-
putation, from Mr. Campbell's
obfervations, 76,6 ;

Equatorial diameter to the polar as 201 to 200:
According toMaupertuis, 86,5 ;
Equatorial diameter to the polar as 178 to 179:
According to my obfervations, r 72,286. . l73,o ;
Eqnatorial diameter to the polar { 2 I2,9 to 211,9
as - - - 210,7 to 209,7 :

.-The mean of which is very nearly as 2 I 2 to 2. I J.

o. 5 NATURAL.



NAT U R A L H; l S TOR y~

THO U 0H the frlOrtnefs of my ftay at Spit[.;.
. bergen, and the multiplicity of occupations,

in which J was neceffariIy 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 forne .
which have not b,efbre been made public, I am in
hopes that this article will not be found wholly un-
profitable. The following qltalogue, imperfect as
it is, milY Ierve to give a general idea of the fI:aring
proqUCl:ions of that inhofpitable climate,

As modern naturalifls have formed the technical
terms of the fcience out of the Latin, it becomes
neceffary to make fome ufe of that language, in or-
der to render the defcriptions of fuch things as are
new, intelligible to thofe for whofe ufe they are in-
tended; I fhall always, however, annex Englifh
names to the f<;ientifick ones, when fuch are to be
found,

MAMMALIA.



AI> PEN D I X. 173

MAMMA.LIA.

TIqCIiECHUS Rofmarus, Linn. S.yfl· Nat. 49· 1.
Arctic;k Walrus, Penn. Syn. f?2.yadr.

P·33$·
This animal, which is called by the Ruffians

Morfe, from thence by our fearnen corruptly Sea
Horfe, and in the Gulph of St. Lawrence Sea Cow,
is found every where about the coaft of Spidbergen,
and generally where-ever there is ice, though at 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
~njury received by an individual, .

fHOCA Pitulina. Linn. SyJl. Nat. 56 3·
Common Seal. Pinn. Syn. ,§2yadl'. p. 339·

Found on thecoaft of Spiubergen.

CANIS Lagopus. Linn. Syft· Nat. 95· 63·
ArcticK Fox .. penn. Syn. £?<Jtadr.p. I S5·

Found on the main land of Spitfbergen and iflands
adjacent, though not in any abundance. It differs
from our Fox, be fides its colour, in having its ears
much more rounded. It fmells very little. We
at¥ of the flefh of one, and found it good meat.

URSVS
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URSUS Maritimus. Linn. Syfl. Nat. 70. J.
, Polar Bear. Penn. Syn. f2...uadr.p. 192. T.

20.F. r.
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 Ieamen 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 fiiout to the tail, 7 I

Length from the [nom to the Ihoulder-bone, 2 3
Height at the (boulder, 4 3
Circumference near the fore legs, 7 0

Circumference of the neck clofe to the ear, 2 1;

Breadth of the fore paw, 0 7
Weight of the carcafs without head, fkin
or entrails, 6 I 0 lb.

CERVUS Tarandus. Linn. SyJl. Nat. 93· 4.
Rejn Deer. Penn. Syn. fi<!fadr. p. 46. T. 8.
F. I. .

Found every where on Spitfbergen,
We ate the Belli of one which we killed, and

found it excellent venifon,

BALAEN A MyJlicetus. Linn. SyJl. Nat. 1°5. I.:
Common Whale. Penn. Brit. Zool. p. 8.1'.

This
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This fpecies, which is fought after by the fifher-
men in preference to all other whales, is found
generally near the ice. We raw but few of them
during our fray.

BALAENA Pbylalas. Linn. SyJl. Nat. 106.2.

Fin Fifh. Penn. Brit. Zool. p. 41•
Found in the ocean near Spitfbergen.

A V E S.

ANAs molljjfima. Linn. 8yft. Nat. 198. IS-
Eider Duck. Penn. Brit. Zool, p. 454·

Found on the coafl of Spitfbergen.

ALCA arttica. Linn. Syft· Nat. 21 I. 4·
The Puffin. Pemz. Brit. Zool. p. 405.

Found on the co art of Spitfbergen.

ALCA Aile. Linn. Syft· Nat. 2 I I. 5·
Found on the coafr of Spitfbergen in great abun-
dance.

PROCEL LAR I Aglacialis. Linn. Syft· Nst. 2 (3· 3·
The Fulmar. Penn. Brit ..Zool. p. 43 r ,

Found on the coaft of Spitfbergen.

COLYMBUS Crylle. Linn. SyJl. Nat. 220. 1.

Found on the coafl of Spitfbergen.

COLYMBUS
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COLY~BUS '.Trot/e.Linn. Syjl. Nat. 220 . z.

Found on the coaft of Spitfbergeu.

COLYMBUS glacialis. Linn. Syjl. Nat. 221. 5.
The great Northern Diver. Penn. Brit.

Zool. p. 4l3.
Found on the coafl of Spitfbergen.

LARUS R1Ja. Linn. Syfl. Nat. 224. L .

Found on the coaft of Spitibergen.

LARDS Parajiticus. Linn. Syfl.Nat. 226.10.

The Arctick Gull. Pe1lIZ. Brit. Zool. p .. 420.
Found on the coafl of Spitfbergen.

LARUS Eburneus, niveus, imrnaculatus, pedibus
plumbeo-cinereis.

Found on the coafl of Spitfbergen .
. This beautiful bird is not defcribed by Linnreus,

nor, I believe, by any 0 her author; it is nearly
related indeed to the Rathfher, defcribed by Marten
in his voyage to Sj-·,itfbergen, (See page 77 of the
Englj(h tranflation) but, unlefs that author is much
miftaken in hisdefcription, differs effentially from
it. Its place in the Syftema Natura? feerns to be
next after the LaTUs. neuius, where the Ipecifiek
difference given above, which will diil:ingujfh it
from all the q)ecies defcribed by Linnseus, may be
inferred,

DESCRIPTION.
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DESCRIPTION.

Tota avis (quoad pennas) nivea, immaculata.

Roflrum plumbeurn. -
Orbit.e oculorum crocere.
Pedes cinereo-plnmbei. Ungues nigri.
Digitus Ptfiicus srticulatus, unguiculatus.
Al~ cauda longiores.
Cauda requalis, pedibus longior.
Longitudo totius avis, ab apice roftri ad
finem caudre; Uncias 16

Longitudo inter apices alarum expan(arum, 37
____ - Roftri, !,

STERNA Hirundo. Linn. Syjl. Nat. 227· 2.
The greater Tern. Penn. Brit. Zool. p. 428.

Found on the coaft of Spitfbergen.

,

EMBERIZA nivalis. Lynn. Sy/l. Nat. go8. 1.
The greater Brambling. Penn. Brit.

Zool. 32 I.
Found not only on the land of Spitfbergen, but a1(0
upon the ice adjacent to it, in large flocks: what
its 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 [0 few vegetables, is not eafy to guefs,

AMP H I B I A.

CVCLOPTERUS Liparis. Linn. SyJl. Nat. 4r 4. 3.'
Sea Snail. Penn. Brit. Zoo!' III. p. 105.

Two only of thefe were taken in a trawl near Seven
maud Bay.

- PIS C E S.

GADUS carbonarius. Linn. SyJl..Nat. 438. 9.
The Coal Fifh. Penn. Brit. Zool. III. p. 152.

Though w~ trawled feveral times on the North
fide of Spitfbergen, and the' fearnen frequently
tried their hooks and lines, yet nothing was taken
except a few individuals of ~his and the foregoing
fpecies.

INS E C. T A.

CANCER Squzlla. Linn. SyJl. Nat. 1051. 66.
The Prawn. Merr. Pin. 192.

Found
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Found in the ftorpach of a teal, caught
eoaft of Spitfbergen.

179
near the

I. CANCES Boreas, macrourus, thorace carinate
aculeato, manibus lcevibus, poll ice fubulato

mcurvo.
This fingular Ipecies of Crab, which has not

before been defcribed, was found with the former
in the ftomach of a Seal; its place in the Syfte~a
Nature feerns to be next after Cancer Norwegicus.

DESCRIPTION:

Thorax ovatus, tricarinatus: Carine larerales
tuberculofe, antice fpina acuta terminatce; Carina
dorfalis fpil1is tribus vel quamor' validis armata';
antice producta in rofl:rum porrectum, acuturn,
breve, Thorace quintuplo brevius; przeter Ipinas
carinarum, anguli laterales thoracis antice in fpinas

terrninantur.
Antenna: dute, thorace fere triplo breviores, bi-

fidre : Ramulus fuperior crafliufculus, f1liformis,
obtufus, Inferior gracilis, fubula~ns.

Palpi duo, duplicati; Ramus fuperior foliatus,
feu explanatus in laminam ovalern, obtllfarn, Ion-
gitudine antennarurn, intus et antice villis ciliatam;
Ramus interior antenniformis, fubularus, multiar-
ticulatue, antennis triplo longior.

Par aft atides
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Paraflatides decem, anteriores parvi; poftremi
magni, pediformes articulo ultimo explanato in
larninam ovali-oblongam.

Pedes decem, duo primores cheliferi, carpis in ..
craflaris, reliqui Iirnplices , pares fecundi et tertii
fjiiformes, graciles , quarti et quinti crafliufculi.

Cmda thorace longior, fexarticulata; articulis
quinque anterioribus carina tis, carinis fpina antror-
fum vergente arrnaris , articulus Iextus fupra bica-
rinatus, muticus, terrninatus foliolis quinque, arti-
culis caudze longioribus; intermedio lanceolato,
acuto, porrecto, craffo, fiipra planiufculo, quadri-
carinato carinis interioribus obfoletis, Iubtus con-
cavo , lateralibus ovali-ohlonpis, obtufis.

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

Obf. Specimina magnitudine variant, alia triun-
cialia, alia Ieptern unci as longa.

CANCER Ampulla, macrourus, articularis, corpore
ovali, pedibus quaruordecirn fimplicibus, la-
minis femorum poftici paris ovato-fubrotun,
dis.

This fingular animal was alfo taken out of the
ftomach of the lame feal in which the two former
were found. Its place in the Syjtema Natur« is
next to Cancer Pulex.

DESCRIPTION.
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DES C RIP T ION.

Infectum ex ovali-oblongum, glabrum, punctu-
latum, articulis quatuordecirn compofitum, quorum
primus capitis eft, feptem thoracem mentiuntur, et
fex caudam tegunt.

Capitis clypeus antice inter antennas in proceffum
conicum, acutum defcendit.

Antennte quatuor, fubularre, articulata, fimplices,
corpore decuplo breviores.

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

Cauda foliata, foliolo unico brevi bifido: Lacinie
lanceolatre, acutre,

Neufleri duodecim, duplicati, fubulati, pi lis longis
ciliati, pofteriores retrorfum porrecti.

Obi Specimina magnitudine variant, uncialia et
biuncialia erant.

CANCER nugax, macrourus, articularis, pedibus
quatuordecim firnplicibus, larninis fernorum
fex pofteriorum dilatatis fubrotuodo-cordatis ..' .

This animal, which has not before been de-
fcribed, Ihould be inferred in. the SyJlema Natur-e
near Cancer Pulex; it was taken in the trawl near
Moffen lfland. .

P DESCKIPTlON.
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DES C RIP T ION.

Infectum oblongum, compreffum, dorfo rotun-
datum, glabrum, Iefquirmciale, articulis quatuor,
decim compofitum, quorum primus capitis eft,
feptem thoracem mentiunter, et {ex caudam effi-
ciunr.

Capitis Clypeus finu obtufo antice pro antennis
emarginatus.

Antenna? quatuor, fubulatre, multiarticulatre;
fuperiores corpore Iextuplo breviores, bifidre: arti-
culo bafeos communi, magno; Ramulus interior
exteriori duplo brevior.

lnferiores fimplices, fuperioribus duplo longiores.
Pedes quatuordecirn, Iimplices, unguiculati, un-

guibus parum incurvis. Femora {ex pofteriora po-
fiice aneta.

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

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

Neufleri duodecirn, duplicati, lineari-Ianceolati,
pofteriores rerrorfum porrecti, ut facile pro appen-
dicibus caudse fumanrur.

CANCER Pulex. Linn. SyJl. Nat. p. 1055. 8 r.
Taken up in 'the trawl along with the former.

V E-R M E S.
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V E R M E S.

SIPUNCULUS Lendix, corpore nudo .cylindraceo,
apertura fubterrninali-
Found adhering, by its [mall fnout, to the in-

fide of the inteftines of an Eider Duck. Mr. Hun-
ter, who at my requeft diflected it, informed me
that he had Ieen the fame fpecies of animal adher-
ing to the inteftines of whales.

DES C RIP T ION.

Corpus croceum, fubcylindraceum, tres lineas
longum, craflitie penna:: pafferinse, utraque extre-
mitate parum attenuatum, apice terminatllm in
Rcfirum anguil:um corpore quintuple brevius, quo
tunicis internis inteftinorum [ere affigit , prope al-
teram extremitatem Apertura fimplex, pro lubitu

extenfibilis.

ASCIDIA gelatinofa. Linn. Syjl. Nat. 1087. 2.

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

P 2 ASCIDIA
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ASe1DIA rtiflica. Linn. Syft. Nat. 1087. 5.
Taken up likewi[e in the trawl, on the North

fide of Spitibergen.

LERNEA branchialis. Linn. Syft. Nat. 1092. I.
Found in the gills of the Sea [nail mentioned be-

fore.

CLIO helicina nuda corpore Ipirali,
Marten's Spitjb~rgen Englifh, p. 141• t. Q..
fig. e. Snail Dime fifh.

Found in innumerable quamitles throughout the
Arctick [cas;

D E sc RIP T ION.

Corpus magnitudine pifi, in fpiram ad inftar he-
licis involutum,

Alee ovatee, obtufje, expanfe, corpore majores.

CLIO limacina nuda, corpore obconico.
The Sea May Fly. Marten's Spitjbergen

EngliJh, p. 169. Tab. P. f 5.

This little animal is found where the laft is, in
equal abundance, peopling as it were this almoft

unin-



A P PEN D I X. ~185
uninhabited ocean. Marten fays that they are the
chief food of the whale-bone whale; and our fifh-
ermen, who call them by the name of whale food,
are of the fame opinion.

MEDUSA capillata.Linn. 8yft. Nat. 1097. 6.
Sea Blubber. o

Taken up on the paffage horne, about the lati-

titude 65°.

ASTERJAS pappo/a. Linn.8yft· Nat. 1098. 2.
Taken up on the North fide of Spitfbergen.

ASTER lAS rubens. Linn. 8yfl. Nat. IP99, 3·
Sea Star ..

Alfo taken up in the trawl on the North fide of
Spidbergen.

ASTElUAS Ophiura. Linn. Syft· Nat. 1100. I I.

We likewife took this up in the trawl, on the
North fide of Spitfbergen,

ASTERI~S pfElinata. Linn. 8yft· Nat>. I rot. ~4,
. This, as well as all the reft of this genus, was
taken up in' the trawl on the North fi~C; of Spit-
1Dergen.

P3 CHITON
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CHIT!?N'ruber. Linn. SjJl..'Nat .. 1107 ..7.
Coat of Mail SheH. . .ir .»: '

Taken in the trawl, on the North fide of Spit-
ibergen.

LEPAS Tintinnabulum, Linn. Syft. Nat. 1168. 12.
, Acorn Shell.

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

• .. t _.'

My A. truncata. Linn. Syft. Nat. I I 12. 26.
Likewife found on the beach in Smeerenberg

harbour.

MYTILUS rugqfus. Linn. Syft. Nat. 1156.249.
"Vas found wirh. the.former on the beach at

Smeerenberg.

BUCCI NU M carinatum, tefta oblongo-conica tranf-
verfim flriata , anfraCtibll~ Iuperioribus oblique ob-
tufeque niultangulis , Inferioribus unicarinatis,

" • - -""'- I

~ '''-

Found on lhe beach at Smeerenberg harbour.

TURBO
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TURBO belicinus; tefta umbilicata convex a ob-
tufa : anfractibus quatuor lrevibus .
. Taken up in the trawl, on the North fide of

Spitfbergen.

SERPULA fpirorbis. Syfl. Nat. 1265.794 ..
Found in plenty fticking to the ftones and dead

{hells in Smeerenberg harbour.

SERPULA triquetra. Linn: Syfl· Nat. 1265.795.
Found with the laf; adhering to dead {hells. .

SABELLAfruflulofa, tefta folitaria libera fimplici
curvata : fragmentis conchaceis fabulofifque.
Taken up in the trawl on the North fide of

Spitfbergen.

DES C RIP T ION.

Vagina fpithamea vel longior, craflitie pennte
anferinre, undique tecta fragmentis concbaceis fepe
rnagnitudine unguis, et fabulis magnitudine Ierni-

num cannabis.

!\1ILLEPoRApolymorpha. Linn. 8yft. Nat. 1285· 53·
Varietas rubra.

Found thrown up on the beach at Smeerenberg

harbour. CE1LEPORA
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CELLEPOR A pumicofa. Linn. Syll. 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 Hiflo-

rians, and fo different fro~ the Zoophytes which
have. been hitherto' defcribed, that it may be con-
fidered as a diflinct genus, whofe characters are the
following:

Animalia nonnulla, ex apice finguli ftirpis fefe
aperientia.

Stirpes pIures, radicatz-, carnofo-ftupofre, e bafi
communi erecta, cylindracere, apice regulariter
pro animalibus pertufie.
It fhould be inferred next to the Alcyonium, with

which it in fame particulars agrees, but differs from
it materially in having the openings for the animals
only at the top, and the animals thernfelves not.
exferted like polypes (Hydra) which is the cafe in
the Alcyonium.

DES C RIP T ION.

Stirpes plures, radicara-, carnofo-ftupofre, digiti-
. formes, cylindracea::, fuperne paulo cral1iores, ob-
tufa::, magnitudine digiti infantis, fubereCl:a::, apice
orificiis nonnullis perforata::, inferne dilatata- fire

. explanata::
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explanatre in bafin communem lapidibus adhreren-
tern.

Orijicia fex ad novern, ardine circulari plerurn-
que difpofita , fub fingulo orificio cavitas longitu-
dinalis, forfitan fingulo animali propria, in qua -
I rno Faux angufta, brevis.
2do lnteftinum inftar ftomachi dilatatum, oblon-

ga-ovatum, inferne foraminibus duobus pertufiim ,
inter illa foramina aliud defcendit inteftinum, valde
anguftum, filiforme, arcum brevem formans. -

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

FLUSTRA pilofa. Linn. Syft. Nat. J 301. 3·
Found adhering to ftones in Smeerenberg har-

bour.

FLUSTRA membrtf,nacea. Linn.Syjt.Nat.1301·5·
Found with the lafl mentioned fpecies.

P LAN T .lE.

AGRasTIs algida panicula mutica contracta, ca-.
lycibus breviffimis inrequalibus.

This
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This [mall grafs, which has not before been

known to botanifts, may be inferted among the
fpecies of Agri/lis next to the minima.

DES C RIP T r 0 N.

Gramen in crefpitibus nafcens.
Radix fibrofa, perennis.
Foliaplurima radicaIia, pauciffima caulina, gla-

bra, latiu{cula, longitudine culmi, patula, bafi di-
latata in vaginas laxas. ,

Culmi adfcendenrss, glabri, fefquiunciales.
Panicula lineari-oblonga, contracts, flricta, mul-

tiflora.

Calycis Glufflte membranacere, albidse, glabrre,
mutica-, inrequales: exterior rninutiffima, ovata,
obtufa , interior oblonga, acuta, corolla quintuplo
brevior.

Corollte Glumte oblongre, acute, carinatre, mu-
ticee, glabrse, femilineares . exterior paulo longior.

Stamina tria.
Stigmata duo.

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

TILLJEA aquatica. Linn. Spec. Plant. 186. 2.

JUNCUS campllris. Linn. Spec. Plant. 468. 17.

SAXIFRAGA
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SAXIFRAGA oppoJitifolia.Linn. Spec. Plant. 575· 18.

SAXIFRAGA cernua. Linn. Spec. Plant. 577· 26.
. '

SAXIFRIG,A rivtjlaris. Linn. Spec. Plant. 577, 28.

,SAXIFRIGA cd?.JPitoJa.Lin~. Spec. Plant. 578. 34-·

CE'RASTIUM alpinu11;l.Linn. Spec. Plant. 628. 8.

RANUNCULusjulphureus, calycibus hirfutis, caule
fubifloro, petalis rotunda tis, integerrimis, foliis in-
ferioribus fublobatis, fupremis multipartitis.
Ranunculus quartus. Mart. Spitz. Engl. p. 58.

T.T.F. d.
Obf Primo intuitu Ranunculo glaciali Iimillimus,

differt autem, quod Petala rotundata, integerri-
rna, intenfe lutea, fulgida ;et Folia. minus fubdi-
vifa , fuperiora fifla, laciniis oblongo-Ianceolatis in-
tegerrimis inferiora caulina lata; plana, leviter tri-
loba Net qtiladriloba.
This new plant fhould 'be inferted next to Ra-

, nunculus 'glacialis.

COCHL;EARIA Danica. Linn. Spec. Plant. 903· 3·

COCHLEARIA .Groenlandica. Linn. Spec. Plant.

9°4·4· .
{SALIX berbacea. Linn. Spec. Plant. 1445· 16.

POLYTRICHUM commune. Linn. Spec. Plant.

1573. I.
BRYUM
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BRVUM Hypnoides. Linn. Spec. Plant. 1584.21.

Befides there, there were two other kinds of
Bryum, the fpecies of which could not be deter-
mined, for want of the fructification; the one re-
fembled Bryum trichoides laite virens, &c. Dill.
Mtif;. 391, r, 50, f 61; and the other Bryum
hypnoi'des pendulum, Dill. Mtifc. 394, t. 50, F.
64, C.

HVPNUM aduncum. Linn. Spec. Plant. 1592. 2!.

]UNGERMANNIA}ulacea. Linn. Spec. Plant. 1601.
20.

Another Ipecies of Jungermannia was alfo found,
but without fructification; it is not much unlike
Lichena1l:rum ramofius foliis trifidis, Dill. Muft.
489, t. 70, f. IS.

LI CHEN ericetorum. Linn. Spec. Plant. 1608. 12.

LICHEN ljlandicus. Linn. Spec. Plant. 161 I. 29.

LI CHEN niualis. Linn. Spec. Plant. 1612. 30.

LICHEN caninus. Linn. Spec. Plant. 1616. 48.

LICHEN polyrrhizos. Linn. Spec. Plant. 1618. 57",

LI CHENpyxidatus. Linn. Spec. Plant. 1619- 60.

LICHEN cornu/us. Linn. Spec. Plant. 1620.64.

LICHEN
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LICHEN rangiftrinus. Linn. Spec. Plant. 1620.66.

LICHEN globijerus. Linn. Mant. 133·

LI CHEN pafchalis. Linn. Spec. Plant. 162 I. 69'

LICHEN chalybeiformis. Linn. Spec. Plant 1623.77.

ACCOUNT
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AC'COUNT of Doctor IRVING'S Method of obtaining
frefh Water from the Sea by Diftillation.

As the method of rendering faIt water frefh, by
diftillation, introduced by Doctor Irving

into the Royal Navy in the year 1770, and prac-
tired 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 Doctor
Irving hirnfelf

"PREVIOUS to an account of this method of
" rendering fea water frefh by diflillation, 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-
"ce{fes, and the general caufes which obftruCl:ed
" the defired fiiccefs,

" Without entering into an account of the ear-
"lier experiments, it will be fufficien~ to take a
" view of fuch as have been profecuted with moil:
" attention, for the laft forty years.

,. The firft of there was the procefs of Mr. Ap-
"pleby, publifhed by order of the Lords of the

Admiraltv,~
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"Admiralty, in the Gazette of June 22d, 1734.
" 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 Lapis In-
"fernalis and calcined bones. The highly unpa-
" latable tafte of the water, however, exclufive of the
" extreme difficulty, if not impoflibility, 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 publifhed by Doctor Butler.
c, Inftead of the Lapis Infernalisand calcined bones;
c, he propofed the ufe of foap leys , but though the
c, ingredients were fomewhat varied, the water
" was liable to the fame obje€.tions as in the preced-
"ing experiment. Doctor' Stephen Hales ufed
" powdered chalk; and introduced ventilation, by
c, 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
'~refh water obtained in a given time, was feme-
" 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 bottom of the flill,
" as well as the chalk, much obflructed the action
" 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

" ufual



196 A P PEN D I X.
" ufual quantity of fuel was neceifary to produce the
" [arne effect, Befides this method by no means
" improved the tafte of the water.'

"The next who attempted any improvement
"was the learned Doctor Lind, of Portfinouth,
"He diftiIIed fea water without the addition of
" any ingredients; but as the experiment he made
" was performed in a veflel containing only two
"quarts, with a glafs receiver, in his il:udy, 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 l~aft a century before.

"In the year 1765, Mr. Hoffman introduced
c, a Stillof a new conflruction, with a fecret ingre-
c, dient; but the large [pace 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 [arne time that, on account of
" its fhallow form, the ufe of it was impracticable
" during any confiderable motion of the fhip. The
"water obtained, Iikewile, poflefled all the difad-
" vantages common to the preceding methods.

" About the fame time experiments were made
" with a ftill of the common conflruction, and Mr.
" Dove's ingredient. This method was att~nded .J

" with
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f" with no advantage over any that Baa bten' for-
(, merly ~fed\' the diftili1:d' wtdeY was ri\oft- dnpa-
" lata:BI~; andthe enormous' flze' of tH<:!'a~parat IS,
"r whicll' occupied' :i fp1rce, of thirteen' feet feVen
'T.' inches by- fit feet one irltn, arid'fix' feet five inches
", ih heighr, reridered it irripr'a<1icaJ:)l~od board
'f Ihips; Ari' experiment' Wa'S iriimediately after-
riC wards made' with' tlie fame frill without" any' in-
(t' gredienr , the reruH, Hb\Vever, was' uniformly a
" mbft unpalarable tafte of the water:

-t "". ~. :

" About this'period; ilea, M. ¥oiffonnie'r df1?a'ris
". introduced' into d-i.e'French' marine 'a nm, three
,,' feet' fix: inche-s long, t\vo feet wide, aricfeightt!en
" inche-s deep.' It portion' of the chimney paffed'
,,' through the upper parr-of the Ifill, much in the
,', fame" manner as' that' of Me Bbffmab: there
" genrlerrien fiippofed that l:5y this means' they
"fhould fave fuel. The mouth of M: Poiffon'-
" rlier's'fliII was' thirteen inches 'wide, on which he
" placed atin plate, pierced like a cullender, with
" thirty-feven hold of fix line's diameter each ; to
" thefe werefixed tin pipes, of the fame bore and
"fevef1 inches long, terminating within the ftill~
"head. THe intention of this contrivance' is to
<' prevent any of the water in the' flill' from paf-
'c flng over into the worm, while the fhip is il)
" confideraole motion.

" In
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" In every other refpect M. Poiifonnier employs

"a frill-head, worrn-pipe.t and worm-tub, with
" all its ufiial apparatus; and he directs fix ounces
" of foiJil alcali to be mixed with the fea water at
" each diftillation, to prevent the acid of the Mag-
" nefia fait from rifing with the vapour, when faIt
" begins to form on the bottom of the frill. It is
" probable that in M. Poiffonnier's frill, which was
" even more fhallow in its form than ML Hoff-
"man's, fome of the water might be thrown up
,. toward the worm; in which cafe the pierced
" plite with pipes might 'be of fame fervice in
"breaking the direction of the water. But by,
" Doctor Irving's tube this inconvenience is entirely
"prevented, as experience fully evinces, viz. in a
" voyage to Falkland's Iflands, where it has been
" ufed in diftillation every day; in feveral voyages
" to the Eaf] Indies; and in this voyage, as is men-
" tioned in the journal. .
," M. Poiflonnier, in correcting this error in the

" conflruction of his flill, has introduced another
" of the mofl capital nature in diftillation. For.
" by means of the pipe-callender, the vapour will
., meet with the greatefr refiftance to its' afcent,
"which will retard the progrefs of diftillation in a
" veryhigh degree, and increafe the Empyreuma.
"From all the expe imenrs abovementioned, it

H is evident; that no method had hitherto been
" invented of making rea-water fre01,' which was
" not attended with fuch inconveniences as rendered

" the

/'
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((.the feveral proceffes of fcarce any utility. The de-
" fects of the various methods-above enumerated,
" may be reduced to the fpHow.iog heads:

" I. The [mall quantity of water produced by
" the ordinary. methods of diflillation with a ftill-
" head, and worm, could never !"beadequate to the
,. purpofes of fhipping, tfio~l'gh the apparatu~
"fhould be kept in canftant ufe , and at the (arne
'~time, this :node of diftillation required a quantity
" of fuel, whIch would occupy greater (pace than
" might be fufficient far the Itowage of water.
" 2. A Stt!iburnt tafte, which always accompanies

" this method of diftillation, and renders the wa-
"ter extremely unpalatable, exciting heat and
'0 rhirft, if drank when recently diftilled .

., ~ " '

'~ 3. A total ignorance with rerpet\: to the proper
" time of flopping the diflillation, whereby faIt was
" permitted to form on. the bottom of the boiler;
"which burning, and corroding the copper, de-
~_compared the felenitic and magnefia faits, cauf-
"ing their acids to afcend with the vapour, arid
" act on the flill-head and worm pipe, impregnating
" the water with metallic falts of the moft pernici-
"-ous quality.

" 4. The (pace occupied by the ftilJ, Hill-head,
« and worm-tub, renders the ufe of them in 01011

~'~a[es totally impracticable on board fhips. Add
~' to this, their wearing out [0 faft on account of the

, Q.z " caufes



soo A P PEN n l X.
" caufes above mentioned, the great expence of
" the apparatus, with the hazard-ofthe flill-head
" being blown off, and the inconveniences thence
" ari.fing.
" 5, The ufe of. ingredients" which though

"omitted in [orne experiments in fmall, were ne-
" verthelefs erroneoufly; confidered.aseffential to the
" making rea-water Iweet and palatable by diftillation,
"6, The inconvenience of ~ cumberjorne appa:
" rat~s, calculated only to be eventually ufeful 'in
"une~petted diftrefs, -for water, but conftaDjly;
"occupying a great deal of roOlp ip a fhip, too
" n~c_e{fary for the ordinary purpofe t9. be fp,areq
" f9r that objec].

"Having Ipecified the principal defects of the
" feveral methods. 'hithertc propofed for making rea
" water frefh, it will. be Ipr.oper before ftating the
" advantages of Doctor Irving's method, to con-
" fider briefly theprinciples of diftillation in gene-
"neral, and the chemical analyfis of rea water,'

"Water, in an exhaufted receiver, rifes in va~
"pour more copiouily at 180° of Fahrenheit's
"thermometer, than in the open air at 2 12"',
" which may be confidered as its boiling point.
" It therefore follows, that any compreffion 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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." fleam-engine, where the confiimptionof water
" in the boiler is very inconfiderable, in compa- \
"ri[on to what would happen if the compreflion
" arifing from the throat-pipe and valve of that
" machine was taken off, and the preffureof the
" atrnolphere only admitted. But by the reflraint
n of that valve, the vapour becomes hotter, and
,', increafes in rarity and elafbicify , qualities effen-
,,'tial to the purpofes of -the e-rigine, although the
"rever[e of thole whic'Ii. ought to 'take place in
" common difiillation. For the columns of vapour
" Jhould be removed from the boiling fluid as faft as
" they afcend, without ftlffering any other r'diMr ce
" than that of the atmofphere, which, in the or-
" dimity butnelS of diflillation, 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 dillillation, ' the
" whole column of vapour from a am of whatever
"fize~ after afcending to the Itill-head, mult ndt
" only find' its paffage through a pipe bf fcarce ah
" inch and half diameter; but defcend contrary tb
" its fpecifrc gravity through air which is fifteeh
" times its weight, in Ipiral convolutions: a courfe
" [0 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 "increafed
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" increafed heat and elafticity of the vapourconfined
" by this conflruction. In the mean time, the ex-
" ternal fur face of the pipe communicates heat to
" the water in contact 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 v::ipour within; eipe-
"cially when it is confidered that the fubflance of
~, tpe pipe is at leaf] a qu~rter of an inch thick.

" From what has b~en faid, it is plain, that the
" quantity of diftilled water will be leffened in pro-
f' portion to the refiflance made to the afcent of the
." vapour; while the difficulty of condenfation will
f' be greatly augmented, in confequence of the in-
~' creafed ,heat and elafliciry of the Yllpour. But
"thefe difadvantages, however great, refpecting

._" the mode of diftillation, give rife to another evil
" of a ftill more important nature, as 'affecting the
" diflilled fluid with a noxious burnt taJte or empy-
" reuma , occafioned by the vapour, higbly heated,
" paHing over fo much furface of metal, viz, the
~'fiill-head, crane-neck, and a pipe of fix or feven
.' feet in length, before it reaches the water in the
l' worm tub.

" Having difcu1Ted tbe [ubjet!: of diftillation, we
f' come now to treat of the chemical analyfis of fea
tf water.

" Sea-water,
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" Sea-water contains chiefly a neutral Ialt, corn-
" pofe~ of fofIil alcali and marine. acid. It likewife
"contains a falt which has magnefta for its bafis,
" and the fame acid. Thefe two faits are blended
"together in ourcommon fait in England, which
"is prepared Py quick boiling down fea water;
" But when the procels is carried on by the fun, or
"a flow heat, they may be collected feparately ;
" that which has the foflil alcali for its bafis cryftal-
" liiing firfl ; 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 Ialt,
" which in England is manufaCtured in large'quan-
" tities, under the name of Epforn faIt"

" Befides there faits, which are objects of trade,
"fea-water contains a felenitic .falt, a little true
" Glauber's falr, often a little nitre, and always a
" quantity of gypfeous earth fufpended by mean!' of
" fixed air. .'

" The fpecific gravity of rea-water to that of
" pure diftilled water, is at the Nore as 1000 to
" 1024-,6; in theNorth fea as 1000 ro ioas.oa.

" The quantity of Ialt obtained by boiling fea-
"water in different latitudes,' from 5)0 3d to A

80°, 43 N. L. is inferred in a table in the former par~
of this Appendix.

" Sea-wat-er,
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" Sea-water, .when bai)ed :do):V-l1..tQ~ft!-Qng brine,

" admits with difficul,ty the J;~~ration of frcfh water
"from it; the diftilla.tionb~cQ.r.njng .Ilower as the
" ftr.ength of the brine increafes, fo .rhat a greater
" quantity of fuel is confiirned in procuring a Iinaller
" portion of water, and this lif~ew.ifeof a bad qua-
"lity. From this eflential circurnflance arifes the
" neceffity of letting aut the brine by the cock of
" the boiler, when the diflillation is advanced to a
,. certain degree ; and .of adding more Iea-water to
" continue the procefs if required.

" The defects of the Ieveral Ichernes formerly
" propofed for r.endering Iea-water frefh being point".
," ed out, the general principles of diflillation ex,
"plained, and the component parts of fea-water
" analytically examined; the advantages of the
" method invented by Doctor Jr;virtg remain tq be
"ftated, Which may be reduced to the following:
" I. The abolifhing all flills, frill heads, worm

" pipes, and their tubs, which occupy fa much
" fpace as to render them totally incompatible with
" the neceffary bufinefs of the fhip , and u!ing in
" the room of there, the {hip's kettle or boiler, to
cc tbe top whereof may occa!ionally be applies a
"!impl~ tube, which can be ea!ily made on board
" a veffel at fea, of iron plate, nove funnel, or tin
" fheet , [0 that DO !ituation can prevent a fhip from
'" being completely fupplied with the means of
" diftilling fea-water.

" 2. In
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.,,~. In eonfequeaee .of the principles of diftilla-

" tion being ful~yafcectained, the .contrivanoe of
" jbe firnpleft means of obtaining the Ifgr.eateft qt'1an-
'.' tity ef qifiilled water , by making the tube ft'1:ffi-
".ciently iarge, to receive the whole column
" of vapour; and placing it nearly in a ·horiwntal
" direction to prevent any cornpreflion of the fluid,
'f which 'takes place fo much with the oomrnon
" ·wor.m.
q 3. The adopting the fimpleft and mofl effica-

" cious means of condenfiog vapour; for nothing
" more is required in the diftillation but keeping the
'" Iiirface of the tube always wet; which is done
" by h.aving Iome Iea-water at hand, and a perfon
" to dip a mop or fwab into this water, and pars 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 irna-
" ginab1.e; for by the application of the wet mop
., thin {beets of water are uniformly fpread, and
" mechanically prefled upon the furface of the hot
" tube; which being converted into vapour, make
" way for a fucceflion of frefh {beets; and thus
i' both by the evaporation and clofe contact: of the
" cold water conftantly repeated, the heat is carried
~, off more effectually than by any other method
~. yet known.
" 4- The carrying 00 the diflillation without any

"additio!1, a correct chemical analyfis of rea wa-
" ter having evinced the futility of mi-xing ingre-

" diens
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" clients 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
" proceffes.

" 5· The afcertaining the Froper quantity of
" fea water that ought to be diftilled, whereby the
"frelh water is prevented from contracting a
" noxious impregnation of metallic falts, and the
" veflel from being corroded and otherwife damaged
" by the faits caking on the bottom of it.
., 6. The producing a quantity of fweet and

" wholefame water, perfeCtly agreeable to the tafle,
" and fufficient far all the purpofes of /hippjng.
" 7· The taking advantage of the drefling the

" Ihip's provifions, [0 as [0 difiil a very confiderable
" quantity of. water from the vapour which would
" otherwife be loft, without any addition of fuel.

" To [urn up the merits of this method in a few
" words:

" The ufe of a -firnple tube, of the moft eary
"confiru~:lion, applicable to any Ihip's kettle. The
" rejecting all ingredients. Afcertaining the pro-
" portion of water to be di (tilled, with every ad-
~' vantage of quality, raving of fuel, and preferva-
"tion of boilers. The obtaining frefh water,
" wholeforne, palatable, and in fufficientquantities.

" Taking
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" Taking advantage of the vapour which afcends in
" the kettle while the {hips provifions are boiling.

" All thefe advantages are obtained by the above-
" mentioned Iirnple addition to the common {hip's
"kettles. But Doctor Irving propofes to introduce

" two further improvements.

" The firft is a hearth, or ftove, fa conftruCted',
" that the fire which is kept up the whole day for
" the' common bufinefs of the {hip, Ierves likewife
" for diftillation , whereby a fufficient quantity of
" water for all the <:economical purpofes of the {hip
" may be obtained, with a very inconfiderable ad-

" dition to the expenee of fuel.

" The other improvement is that of [ubftituting,
" even in the largeft {hips,caft-iron boilers, of a
~: new conftruC\:ion, in the place of coppers.':.

DIRECTIONS
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DIRECTIONS for DISTILL6w SEA-WATER',

" As foon as fea-w.ater is !pblt irrto the boiler, the
"tube is to be flttedeithe.r into the top or lid,
" round which, if neceifary, a bit of wet linen may
" be applied, to make it fit clofe to the mouth o(
" the :veifel; nhere 'Will be .no occafion for luting,
" as the tube acts like a funnel in carrying off the
"vapour. _

" When the water begins to boil, the vapour
" fuould he allowed to pafs freely for a minute,
" which will effectually dean the tube and upper
" part of the boiler. The tube is afterwards to be
" kept confiantly wet, by pailing a mop or Iwab,
~'dipped in fea-water, along its upper furface.
" The waite water running from the mop, may be
" carried off by means of a board, made like a
,. Ipour, and placed beneath the tube.

"The difl:illation may be continued till three
" fourths of the water be drawn off, and no further.
" This may be afcertained either by a gauge-rod put
" into the boiler, or by mealuring the water diftiJled.
" 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 {hare, the beft

" [ubftance for the purpofe is thin copper well
"tinned, thjs. bci~g more, durable in long, voya~~s
~, than tin plates.

~'Jtnftead of' mopping, rhetnbe, if required',
'! may have a, cafe' made alfo of' copper, fa much
" lal'gel'ifli. diameter as to admit a thin fheet of
" water to circulate between them, by' me-ans of a
'-'_Ipiral copper thread, with a pipe of an inch dla~
" meter at' each' end) of the cafe; the lower for
"~,receivinK cold- water i and' the' upper' for carrying
"lit off-when heatedr

"JWhen'on}y a very [mall portion ofroorn can be
" conveniently allowed~for-diftjnatinn, the machine,
"'whi~h is only twenty-Ieven inches long, may be
"ftlbftrtuted; as was' done in this voyage. 'Phe
", principal intention of this machine; however, is
",to diftil rum and-other liquors'; for-which purpefe
". it has been empioY..,ed,with'extraordinary fuccefs,
i~'~npreventing an empyreuma, or jiery. tafte," .

Accouwt
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ACCOUNT of the ASTRoNoMrcAL OBS.ERvATroNS

and TIME-KEEPERS, 'by Mr. LYONS.

" THE obfervations for finding the time at fea,
" were taken with a braes Hadley's Sextant
" of eighteen inches radius, made by Dollond ;
" and Iomerimes by Captain Phipps, with a {mailer
" of four inches radius, made by Rarnfden, which
"commonly agreed with the other within a mi-
"nute. The erro~ of the ~(extant was generally.
"found by obferving the diameter of the Sun;
" which if the {arne as double the Iernidiamerer
." fet down in the Nautical Almanac, . Ihewed- that
" the inflrument was perfectly adjufled ~ if it dif-
" fered, the difference was the error, of the fextant,
" It was neceffary to know this error of adjuftn;rent
" very exactly, and therefore l.generally repeated
"the obfervation of the Sun's diameter .r~ve!al
"times, and from the mean of the refult.fot;nd
" the error of the {extant. . This error will equally
" affect all the obfervations taken near the {arne
" time, and therefore cannot be difcovered from
" the comparifon of Ieveral obfervations, Under
" the equator, an error of one minute in altitude,
" 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 Ieconds. As we generally

" took
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" took feveral Iucceflive obiervations, any error in
"the obfervation itfelf will be generally indepen-
" dent of the reft; and as I have calculated each
" Ieparately, the conclufions will Ihew which are
"erroneous, by their differing much from the
" mean of all,which cannot but be very near the

" truth.

" In calculating there 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
" {hip at the time the altitudes were taken was in-
" ferred from it: As moft of our altitudes were
" obferved when the Iirn was near the 'prime ver-
"tical, a fmall error in the latitude will not pro-
" duce any confiderable change' in 'the time; in-
"dee9, if it is exactly if} the prime vertical, it

. . \

" will not make any change at a~l)

" To E;d the Longitude from there obfervati:-
"ons: to the apparent,time found by calculation,
" apply the equation of time according to its fign',
" which will give the mean time; 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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I '" Captain Phipps's pecKet- watch, fl1ad-e By;NfT.
"Arnold, when compared with the regtH'at~r at
" Greenwich, May 26t'h, was'tweritY-fou'r feeen'd's
" too flow; it was: there fbund t6' lofe: twelve' fe-
" conds and' a' quarter a-dl1y on mean time' From
" this it is eafy to-find-what time' it' is at 6reehwidi
" at any moment Ihewn by the watch.

" The watch was compared every day about
"noon witli the two time-keepers made by, Meff
" Arnold: and' Kendal'; and' from this comparifon,
'" and their rates of going previoufly fettled at
". Greenwicli, together with knowing how much
" they differed from mean time at G'reenwicl1 be-
" fore we. ret out, was calculated the table which
" fhews.wliar.the mean time is at Greenwich ac-
" cording .to each time-keep.er, when the watch is
,~ at twelve hours.

" By the helpof" thistable, We may e'afilY-find
" the longitude of': the fhip, as deduced' flotnthe
" going of each time-keeper. Having found how
" much the- watch is too faft or too flow' forimean
'" time: at the Ihip, we know what the, meantime
" is at the fhip when the watoh-is.at twelve hours;
"'and by chef tablewercan fiifd~what is-the- mean
" time at' Greenwich at: the Iarne. time, Iuppoling
" each time-keeper. had-kept. tl:1efame rate of go-
" ing as it had before our departure; the difference
" of thefe mean times will give the longitude of the
" Ihip. " For
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", For example, June 19th, in the afternoon;

" tHe watch w~s l' 2'4" too flow for mean time at
''the place wnere we obferved; tl1erefore, when
"tbe watch Thews twelve hours, the mean time
" at this place wa~ I Zh II 2411

• At this time I find
"li~ the table, that m:cotding to Kendal's time-
, keeper, the rt\-ean time ar Greenwich was I2h

" if 1": from this fu'btraa:ing .I 2h I I 24", the
,,' mean tune at the !hip, the remainder, 0' 43" is -
,,' r11e aaterence of meridIans; which, converted
" into parts of a degree, gives 00 10' 45" for the
" longitude of the {hip accorc!\ng to Kendal, which
,t is to the Wdtward, becaufe the mean time at
"the {hip is lefs than that at Greenwich.

"When we were on fibre, the obfervations
" we're made with an Aftro'ho'midl Q!adrant, di~
'c vided by 1\;1'r. Ramfden, of eignteen inches ra-
" dins, "vhich \Xiasplaced on a rolid rock of mar-
_"ble; the error of the- iine of collimation was
" found oy inverting the quadrant, which was ad-
"jufred by a [pirit level. The weather did not
" p'ermit us tv take correfponding alnrudes of the
'"I Sun, fo"tHat w'e d'etermined the apr-arent time
" By computation from altitudes of the Sun's limb;
,i having before fett1ed the latitude of the place
" of obfervati'on; frern mhidian altitudes of the
" Sun's lin'\bs taken with the fame inftrument.

R " The
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" The Latitudes of the fhip were determined

" mofl commonly by the meridian altitude of the
" Sun's lower limb; in a few rnftances, by that of
" his upper limb, when the lower was not fa di-.
" flinc], 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 ob[ervation, we made ufe of the
" method defcribed in the Nautical Almanac for,
" 177 J, from two altitudes taken about noon, and
" at a little diftance from it.
" It Iornetirnes happens that we can only take,

" fame 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 there altitudes are different from the me-
" rid ian altitude. This may eafily be found by
" the following Rule:
" To the logarithm of the riling, taken outof the
" tables in the Nautical Almanac for J 77 J, add the
" complement arithmetical of the logarithmic co-
" fine of the fuppofed meridian altitude; from the
" fum (the index being increafed by five) fubtraet:
" 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 rent 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 girn-
"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 firf] lieutenant, and of
" the third by myfelf', they were wound up each
" day foon after noon, and compared with each
" other and with Captain Phipps's' watch. They
" flopped 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 flopped, from
, " the others that were fliP!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 t90 now for mean time. When we re-
" turned from the ice to Smeerenberg, and again
" compared the watch with the mean time, allow-
" jng 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
" at Greenwich: (0 that its rate of going was nearly
" the fame in our run from En,Jand to the ifland,

. ..'" from
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" from thence to the ice and back again to Smeeren-
" berg, and in our voyage from thence to England, as
" wefound 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
" 380°, 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 conflruction go whilfl they

" are wound up; they keep the fame rate of going
" in every pofition, and are not affected by the dif-
t, ferent forces of the fpring: the compenfation
" for heat and cold is abfolutely adjuftable. -
" Time-keepers of this Iize are more convenient

" than larger, on feveral accounts; they'areequally
" portable with a pocket watch, and by being kept
"nearly in the [arne degree of heat, fuffer very
" little or no change from the viciflitudes of thy
" weather.

R4 " This
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"This watch was ~xceed.il,mly ufefyl !Q us in
" our obfervations on land, as th~e other time-keep;
" ers could not (afel¥~,e moved :~ng indeed, iJ)
" the prefent yo¥~ge, where thn Were on trial, it
" was contrary to the intent for Whi_ch they "Y-~r~
"put on board, and might have been attended

r' t.. ( J} •

" with accidents by which the ra,t,e:of their going
" might have been gre~tly affe(1:.eq.

"The longitudes by Mr. A.rnoJd's I?rger time-
"keeper !ire very different from thofe Py the
" watch in our vQyage baclF from Spitili~rg~n· to
" Eng'land; owing, probabl y, to tqe b~Iallce--fpring
" being rutted, ~s we found when it wqs opened at
" the Royal Obfervatory at qres:nwic!l~ on our
'.' return.

" The longitudes found by the Moon are de;
'$ duced from diflances of-the Moon from the Sun's

.~ ... r • \ r

" limbs, or frqrn Stars, taken with the Iextant ,
" whilft the altitudes of the Moon and Sun, or
" Star, were taken ~y two other obferyej"S-

" In one inflance (June 20th) the obfervations
" were all made by Captain Phjpps ~ifh the ~l1aU
"(extant fucceiTive!y; and th~ altitudes of the
" Moon and Sun at the very inftant the diftances
" were ~blerved, are deduced from tbe chan~~$
" in thefe altitudes during the interval of obferva-
" tiol;!.

".Ihave
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~, I have calpl1ated the lon"g.itmtefrom each fet
"of ob[ervatiol1s feparately, rofhew how n~al;
"they ~gree y;:ith each other? and what degree
" of precifion on~ may exp.eCt in firnilar cafes.
" Obfervations of the diflances of the Moon and

" Sun, or Stars, may be ufeful to inform us if the
"time-keepers have Iuffered any confiderable
" change in their rate of going~ For if the 10Qgi-
,~ tude deduced from the moon differs above !~g
i., degrees from that found by the watches, it is
"rea[onable to imagine, that this difference is
" owing. to (orne fault in the watch, 9-S the longi-
" tude found by lunar obfervations can hardly vary
~'thi~ quantity from the truth: by! if the differ-
~, ence is ml1ch lefs, as a~ql:\t hal] 9- degsee.. i~ is
',' more p~oqable that the watch is right, fil1C~ a
~, [mall error in the ~it1~I1se will produce this dif-
" ference.
" The diO:?nc~~of the Moon from Jupiter were

~, obferved, becaufe Jupiter is a very bri§ht ohject ;
" and the oPfer.vatiops are eajier and lefs fallacious,
"particularly! that of the altitude, than thofe of
" a fixed flar, whofe light is much fainter. T'his
\~ method, however, requires a different form of
~, calcu!a.tio.n, ~roHl that Qf the o..bJer'led diftance of
" the Moon from a fixed Ilar, whole difi~nces are
(' comp,uted for every three bours, in the "Nautical
',' AlrI1an?c. The PJ'i.nciNI diffi~uJ.~Tin the ca.ku-
" l.~tipn.i§ t9, ~Qg tbs~¥.o.s:m'~long\~u~e fro{1l.the ob-

,. fen;ati,on
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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.

"p ROB L E M.

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

"S 0 I:. UTI 0 N,

" Find an arc A, whore logarithmic fine is the
"fum of the logarithms of the fines of the
~ two latitudes and the logarithmic tangent. of
"half the diftance, rejee:ting twenty from the in-
" dex of the fum.
" Find an arc B, whore logarithmic fine is the

" fum of the logarithmic verfed fine of the differ-
" ence of latitude, and the logarithmic cotangent
" of the diftance,rejeCl:ing ten from the index of
" the fum.

" Then A added to the obferved diftance, and
" B fllbtraCl:ed 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 filb-
" tracted from the diftance, leaves the difference
" of longitude.

" EXAMPLE:
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A Table Ihewing what the Mean Time is at Gree;=-
wich, by each Time-keeper, when the Pocket-
Watch made by Arnold is at IZh•

Watch.

'Ii

Day of the Arnold. Kendal.
Month.

June 2

3
4

~.

7
B
9
10
II

12
J3
14
15
16
17
J8
1.9
20
21
22
23
24
25
26
27
28
29
3°
I

2

o 38
I I
I 16
1 36
1 50
2 6
2 8
1 50
2 3
2 1 I

2 16
2 4
2 10

2 16
I 59
2 6
2 5
2 14
2 2
I
I

1
I

12
12
12
12
12
12
12
12
12
12
12
12
12
1,2
12
~2
12
12
12
12
12
12
1j2
1;2

II

I 1
1 I

II

I I

II
II

I I

I I

II

II
I I

II

57
41
13
2

Q H
591 52
59 44
59 26
59 1 I

58 55
58 45
53 29
58 20
58 14
58 2
57 50
57 42
57 26

July

3
4
5
6
7
8

} I}

I I

12
12
120
120
12
12
12
12
12
IZ
12
12
12
12
12
12
12.
120
12
I~
120
12,
12
120

I 120.
12-

12.
12
120"
120
12
12
12'
12

12
12

h

59 56
o 14
o 2~

o 45
o 55
1 10

I 10

o 53
I 5
I 28
I 34
~ 28
t 38
I 48
1 35
I 4~
I 5'
2 7
2 3
20 5
2' 3
I $0
I 39
I 17
o 59
I 4
I 2

I 3
o 59
I 7
I 10
I 21
I 31

I 39
I 47
1 59
20 10

I /I I /I~
120
120
12
12
12
12
12
12
12
12
12
I2
12
lZ
12
12
12
12

12
12
12
~2
12
12
l.z
12
12
I~
12
120
120
12
IZ
12
12

12
It-

I 49
2 2.
2 15
2 27
2 39
2 5i
~, 4
3 16
3 28
3 4°
3 53
4 5
4 17
4. 29
4 42
4 54
5: q
5 18
5 31
5 43
5 556 8
6 20
6 32
6 44-
6 57
7 9
7 21
7 3 ~
7 46
7 58
8 10

8 23
B 35
8 47
8 59
9 12

A Table
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A Table fhewing what the Mean Tinre is at Green-
wich, by each Time-keeper, when the Pocket-
Watch made by Arnold is 'at JZh.,

. Day of the Arnold. I Kendal. ·1 Watch.
Month.

h I II ·h I I' 11 I II

July 9. I I 57 20 12 '2 25 12 9 '2ll
10 I I 5° 59 12 2 33 12 9 36
II- I I 56 47 12 2 45 12 9 49
12 II 56 25 12 2 45 12 10 1
13. I I 56 13- 12 2 58 12 1'0 13
14- I I 55 3'1 12 2 44 12 10 2S

I 15. 12 10 38

Ii
16 I I 55 20 12 2 34 12 10- 5°
17 I I ';5 5 12 2 52 12 I I Z-

18 II 5"4- 56 12 3' 18 12 II 14-
19 II 54 21 12 3 22· 12 I I 27, 20 II 5'4 t 12 .3- 32 12 II 39
21 II 53 39 12 3 5'9 12 11 5'l.
22 II 5'3 I5 12 4 J8 12 12- 4-

II 2,3 II 52 5° 12 4 38 12 12 16
24 I I 5" IS 12 4- 47 12 12 28
25 I I 51 48 12 5 9' 12 12 4°
26 I I 51- 10 12 5 1<6- 12 IZ '53
27 I I 5° 34 12 5 2'] 12 '13 5
28 II 49 59 12 5 4'8 12 13- 11
29 I I 49 31 12 6 1'2 12 13 29
3° J I 48 57 12 6 40 12 I J 42
31. II 48 9 12 6 52 12 IJ 54

Aug, I I I 47 24 12 7 ° 12 14' 6
2. II 46 3'1- 12 7 12 12 q. 19
3 II 45 5° 12 7 32 12 1;;-31

II 4 I I 44- 39 12 7 H 12 14- 4.3
5 II 43 43: 12 7 38 12 ,14- 55
6 II 4'2' 36 12 7 31 12 15 I)

12 II 58 7 " .
1:3' II 56 32 .
14 II 55 16 12 5 2-1 -12 16 4<;

II 15 II. S+ 3 12 5 38 12 16. 53 I

16 II 52 46 12 '; 53 12 17 to

I- 17 I I 51 27 '12 6 10 12 17 2:l, 18 II 5° 8 12 6 33 12 17 3~
19 II 48 41 12 6 ;8 i Z 17 47

A Table
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A Table ihewing what the Mean Time is at Green-
wich, by each Time-keeper, when the Pocket-
Watch made b.y Arnold is at 12 h.

Day of the Arnold. Kendal. Watch.Month.
h I I! h ,

'I h I 1/
Aug. 20 II 47 7 12 6 52 12 18 °21 II 45 23 IZ 6 58 12 18 1222 II 43 34 12 6 47 12 18 2423 II 41 51 12 6 55 12 18 3624 II 39 51 12 6 58 12 18 4925 II 37 56 12 6 56 12 19 I26 II 35 56 12 6 58 12 19 1327 II 34 7 12 7 15 IZ 19 2528 II 32 17 12 7 32 12 19 3829 II 3° 17 12 7 32 12 1'9 5°3° II 28 9 12 7 43 12 20 231 II z6 14 12 7 57 IZ 20 15Sept. I II 24 5 12 8 13 IZ 20 272 II 21 46 IZ 8 13 IZ 20 393 II 19 43 12 8 38 IZ 20 514 I I 17 29 IZ- 8 53 12 ZI 45 I I 14 59 IZ 9 4- IZ 2'1 166 I I 12 22 IZ 9 2Z 12 21 287 II 9 38 12 9 22 12 ZI 4°9 I I 3 53 12 9 44- 12 22 5I I 10 57 16 12 9 46 12 22 3°13 10 5° 4S 12 10 16 12 2Z 54]4 10 35 0 12 10 31 12 23 615 10 42 31 12 10 47 12 23 1916 10 39 36 12 II 4 12 23 3117 10 35 59 12 I I 31 12 23 4318 10 31 53 12 I I 47 12 23 5619 10 27 II 12 II 52 12 24 820 10 23 0 12 12 15 12 24 20

-, 21 10 18 38 12 IZ 40 12 24 -3223 10 8 54 12 13 39 12 24 S724 10 4 13 12 14 10 12 25 925 -' 9 58 S2 12 14 37 J2 25 2126 9 53 54 12 14 59 12 25 3427 9 48 8 12 15 35 12 2S 46

Obfervations
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Paralax Paralax in.Par ala x in
in Longi- Latitude. Altitude.
tude.

Obfervations of the Moon and Jupiter.

10 17
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225350729
2 17 37

I 57 23
I 49 8
I 21 I' 0 7 30
o 47 14 ••

o 29 44 28

Ir. I " o J '1o " 1/ • 0

8 51 33 10 25 9 0 0

9327'10599360
32 55 0
32 47 0

32 35 52
32 27 4-7

9 32 45 13 1910 55 0
9 5 I 54- J 4 40 1I 36 0

1038 25 17 4512 49 0
11 43 18 20 52 13 6 0

32 29 0
32 22 0
31 58 0
31 28 0

32 7 33
31 59 18
31 31 27
30 57 24

29 54 38

10 10

10 10
10 10
10 10

I 35 37 22 45 9 S5 0 30 33 0 10 10

Time by Alt. ot Air .of the Durance ot Ju- True 011-
the Jupiter. Moon's pirer and the ranee of the

Watch. lower Moon's far- Centers.
Limb. ther Limb.

Drtfe: ence between Difference ot
the Difiance and longitude.
Difference of lon-
gitude.

I' I 0 '

Augull: 31, P. M.

o

7 44

37 1 [

52
43
46
I [

32

rime by \Alt .. 01 '\11.oft~e Djlt~nce or Ju- True Oil:'1 Dilferen~e between Difference 01 Longitude Latitude Latitude longitude of Longitude of Difference Apparent Apparent
the Jupiter Moon s puer and the ranee of thel the Ddlance and longitude. ofJ upiter, of the of the Moon by the Moon by from Time ati Time at

Watch. lower Moon's far- Centers. Difference of Lon- Moon. Jupiter. Obfervation. Ephemeris. Longitude Green-jthe Ship'.
. Limb. ther Limb. I girude. wich.·

1----:--- ------.----.----] .1-----1----.~--------I----:.----I.----I----:--------
h. I I', " h I fII, so J Q I o

54 1 23 29 8 33 22 9 25 37
[ 3 I 29 8 48 [0 9 37 3 I
at 9h

57 0 13 40 9 25 71'0
o 21 5 5 9 40 17 10
o 49 46 10 3 I 29 I I
1234911 303412
at 12h I
o 48 I 7 I3 29 40 [4 9 4 I

36 S I [
r r
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5 II
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6 49
25 58
12 29
17 22

r r
I [

I I
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5 3 [
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'6 T
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6 55 45
II

epternber I, P. M~

F

o

, "

Difference Longilude
of Meri- of the
dians. Ship.

II 0

521513345
49 21 (2 20 15

41 4210 25 30
45 41 [I 2) 15
4[ 010[50
46 48 [( 42 0

40 I to 0 15

Longitude of
the Moon by
Obfervation.

Longitude of Difference Apparent Apparent Dirlerence Longitude
the Moon by from Lon- Time at Time at of ·lVIeri- 01 the
Ephemeris, gitude at Green- the Ship dians, Ship.
at Midnight Midnight. wich.

Longicude La itude Latitude
of Jupiter. 0 the of

oon. Jupiter.

1:l , /I oo

115920215S'78
12 16 14 22' 8 '7 8

;[ I; 5'7 'J,S[' I; :8' ~/3
r r 20 I 3~

J! h II e It

o 8 16 I 2 15 39 12 36 49
013 212244(' r z 53 43

September 3, P. M. with the Meg meter,. Correction for Error of Adjuttment, + 2' 5:;:,1'.

Latitude 'Appare- ,t
of the Latitude
Moon. of the

Moon:

Time by
the

Watch.

All. of the Alt. or Diuance 01 ju- True Dlf-
Moon's Jupiter. p iter and the lance of the
lower Moon's Wef- Centers.
Limb. tern Limb.

1/ 0 II

21
29

10 5 17 3C.
371545,

Apparent Oirl:erence
Time at of Me-
Green- ridians.
wich.

Mean Ito 13' E.

DIfference' bel ween Difference Apparent Longitude of Apparent
the Dill:ance and of Longi- Longitude of the Moon cor- Time at
Difference of Lon- tude. the Moon. rected by Pa- the Ship.
gitude. rallax.

-h--/--,/'-A---,,·:-o----II ------1-----,:----:-----1-----·----:-,.1----,----1----1---·--+----:1----1----1---------1
., 0 0 ! I' J u J 1/ II. 0 e I . 11 0.. I If. o , 11 s 0 If h J rt hi" I II

93° 5315 ~7 0 IS 33 640 0 65758 10371+ 52 9 52 [3 7 159 S 22 6 $7 360 14. [ 36 0135059 10 6 510 843238 W Latitude of Jupiter, 10378
9 45 20,647 0 16 50 6 52 44 7 10 42 11 48+ 5[ 3[ 52 51 8 1 59 22. 7 [0 200 14 14 20 0 1.4 2 31 1020 3210 31 1410 42 Longitude, 0' 7° 41
10 1 418 6 0 18 7 7 I 10 7 19 8 13 9+ 50 44 52 28 8 I 59 . 21 7 18 470 14 22 47 0 14 9 38 10 36 1610 45 4 8 48 Watch too {Jaw for } 35' 12"
'026 TZO 14- 0 20 12 7 8 4 7 26 2 15 161+ 4929 5[ 47 9 I 58 2[ 7 25 4' 0 14 294' 0 14 1429 III 19110 51- 24 6 55 E Apparent Time,
1040 5421 30 °121 54 7 16 10 7 H 8 16 511+ 48 30 5[ 21 9 1 58' 2l 7 33 470 14 37 4i 0 14 20 56 II ,6 611 7 13 8 53

The Elements of the above Calculation.
\

Declina-IA1t. offiel'A'ngle between chelAIt. of the Longilude Longitude Diilance or
tion of ..culnlinat- Meridian and the Nonagefi- oftheNo- of Ihe the Moon
Mid- ing Point.ISecondary to the ma!. nagelimaI. Moon. and t,he No-

___ ve_n_. .I.- ,__h_e_a.v_e_n_. Ecliptic. . nagehmal. ,

IhO ~ 3~3 ~ I~ 1(>03'5 1°7 3~ S ; ~ r I ~ ~6 I~ ~ ; 5° ~ ~ I;' 4~ ; .~~
11032841025481256 1144 1945 225827220141741655
12 0 343 6 [III 40 7 12 17 28 22 23 28 7 9 21 14 0 1448 4 23 34

Apparent Right Af- Longitude
Timt'. cenlion of of Mid-

:Vlid-hea- heaven.
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