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T O

THE KIN G.

SIRE,

S a Sea Officer addreffing Your Majesty

on a profeilional fubje6t, I might juftly be

accufed of fmgular ingratitude did I not avail

myfelf
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myfelf of this opportunity of reminding the

World, that the Voyage to explore how far

Navigation was praSicable towards the North

Pole, was undertaken at a Period peculiarly

diftinguiftied by Your Majesty's gracious

Attention to Your Navy.

In a Time of profound Peace Your

Majesty, by a liberal Addition to the Half

Pay of the Captains, relieved the Neceffities

of many, and gratified the Ambition of all,

at once demonftrating Your Majesty's regard

to their Welfare, and Remembrance of their

Services.

The Armament which followed in a few

Months, and Your Majesty's Review of that

Armament which by the Difpatch of its

Equipment
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Equipment had prevented a War, afforded

to Your Navy the moll flattering and diftin-

guifhed Mark of Royal Favour, and to Your

Majefty an additional Proof of that Alacrity

for Your Service which had fo recently re-

ceived both its Reward and Encouragement

from Your Majesty's Prote£lion.

Permit me. Sire, to add, that Your

Majesty's gracious Approbation of my En-

deavours, and the Permiffion I have been

honoured with, of inicribing the following

Account of them to Your Majesty, are

ftrong Proofs of that Indulgence with which

Your Majesty receives every Attempt to

promote Your Service An Indulgence which,

at the fame Time that it cannot fail of ani-

mating the Zeal of others more worthy of

Your
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Your Majesty's Notice, has added to the

moft devoted Attachment the warmeft Gra-

titude of,

Sire,

Yc^r Majesty's raoft dutiful

Subje6l and Servant,

CONSTANTINE JOHN PHIPPg.
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INTRODUCTION.

^
I
^HE idea of a paflage to the Eafl Indies by the

North Pole was fnggeiled as early as the year 1527,

by Robert Thorne, merchant, of Briftol, as appears from

two papers preferved by Hackluit; the one addrefTed to

king Henry VIII; the other to Dr. Ley, the king's am-
baffador to Charles V. In that addrefTed to the king he

fays, " I know it to be my bounden duty to manifeft this

" fecret to your Grace, which hitherto, I fuppofe, has

*' been hid." This fecret appears to be the honour and

advantage which would be derived from the difcovery of

a paflage by the North Pole. He reprefents in the

ftrongeft terms the glory which the kings of Spain and

Portugal had obtained by their difcoveries Eafl and Wefl,

and exhorts the king to emulate their fame by under-

taking difcoveries towards the North. He ftates in a

very mafterly ftyle the reputation that mufl attend

the attempt, and the great benefits, fhould it be

B crowned



INTRODUCTION.
crowned with fuccefs, likely to accrue to the fubjeds of

this country, from their advantageous fituation ; which,

he obferves, feems to make the exploring this, the

only hitherto undifcovered part, the King's peculiar

dutv.
J

To remove any objedion to the undertaking which

might be drawn from the fuppofed danger, he infifts up-

on " the great advantages of conftant day- light in feas,

" that, men fay, without great danger, difficulty, and peril,

*' yea, rather, it is impoffible to pafs; for they being paft

*' this little way which they named fo dangerous {which

*' may be two or three leagues before they come to the

" Polcj and as much more after they pafs the Pole), it is

*' clear from thenceforth the feas and lands are as tem-

" perate as in thefe parts."

In the paper addrefied to Dr. Ley he enters more

minutely into the advantages and practicability of

the undertaking. Amongft many other arguments to

prove the value of the difcovery, he urges, that by fail-

ing northward and paffing the Pole, the navigation from

England to the Spice Iflands would be fhorter, by more

than two thoufand leagues, than either from Spain by the

Straits of Magellan, or Portugal by the Cape of Good

Hope; and to fhew the likelihood of fuccefs in the enter-

prize he fays, it is as probable that the cofmographers

fhould be miftaken in the opinion they entertain of the

polar
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polar regions being impaffable from extreme cold, as, it has

been found, they were, in fuppofing the countries under

the Line to be uninhabitable from excellive heat. With

all the fpirit of a man convinced of the glory to be

gained, and the probability of fuccefs in the undertaking,

he adds,—" God knoweth, that though by it I fliould

" have no great intereft, yet I have had, and ftill have, no
" little mind of this bufinefs : fo that if I had faculty to

" my will, it fhould be the iirft thing that I would un-

" derftand, even to attempt, if our feas Northward hs

" navigable to the Pole or noT Notwithftanding the

many good arguments, with which he fupported his pro-

pofition, and the offer of his own fervices, it does not

appear that he prevailed fo far as to procure an attempt to

be made.

Borne, in his Regiment of the Sea, written about the

year ISJJ, mentions this as one of the five ways to

Cathay, and dwells chiefly on the mildnefs of climate

which he imagines muft be found near the Pole, from the

conftant prefence of the fun during the fummer. Thefe

arguments, however, were foon after controverted by

Blundeville, in his Treatife on Univerfal Maps,

In 1578, George Beft, a gentleman who had been

with Sir Martin Frobiflier in all his voyages for the dif-

covery of the North Weft paffage, wrote a very ingenious

difcourfe, to prove all parts of the world habitable.

B 2 No
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No voyage, however, appears to have been undertakers

to explore the circumpolar feas, till the year 1607, when
" Henry Hudfon was fet forth, at the charge of certain

" worfhipful merchants of London, to difcover a paflage

" by the North Pole to Japan and China." He failed

from Gravefend x>n the lirft of May, in a fhip called the

Hopewell, having with him ten men and a boy. I have

taken great pains to find his original journal, as well as

thofe of fome others of the adventurers who followed him;

but without fuccefs : the only account I have feen is an

imperfect abridgement in Purchas, by which it is not pof-

fible to lay down his track; from which, however, I

have drawn the following particulars:—He fellin with

the land to the Weftward in latitude 73*^, on the

twenty-firft of June, which he named Hold-with-Hope.

The twenty-feventh, he fell in with Spitfbergen, and

met with much ice ; he got to eighty degrees twenty-

three minutes, which was the Northernmoft latitude

he obferved in. Giving an account of the conclulion

of his difcoveries, he fays, *' On the fixteenth of

" Auguft I faw land, by reafon of the clearnefs of the

*' weather, Jiretch'mg far into eighty-two degrees^ and, by

" the bowing and fhewing of the fky, much farther;

" which when I firft faw, I hoped to have had a free fea

" betVv/een the land and the ice, and meant to have com-

" pafTed this land by the North; but now finding it was

*' impofTible, by means of the abundance of ice com-

" palling us about by the North, and joining to the

" land

;
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" land ; and feeing God did blefs us with a wind, we re-

" turned, bearing up the hehn." He afterwards adds

:

" And this I can affure at this prefent, that between

** feventy-eight degrees and an half, and eighty-two de-

" grees, by this way there is no paffage."—In confequence

of this opinion, he was the next year employed on the-

North Eaft difcovery.

In March 1 609, old ftyle, " A voyage was fet forth by the

" right worfhipful Sir Thomas Smith, and the reft of the

" Mufcovy Company, to Cherry Ifland, and for a further

" difcovery to be made towards the North Pole, for the like-

'* lihood of a trade or a paiTage that way, in the (Kip called

" the Amity, of burthen feventy tuns, in which Jonas-

** Poole was mafter, having fourteen men and one boy."

—

He weighed from Blackwall, March the firfl:, old ftyle; and

after great feverity of weather, and much difficulty from,

the ice, he made the South part of Spitfbergen on the

16th of May. He failed along and founded the coaft,.

giving names to feveral places, and making many very

accurate obfervations.. On the 26th, being near Fair

Foreland, he fent his mate on fliore ;—and fpeaking of

the account he gave at his return, fays, " Moreover,, I was.

*' certified that all the ponds and lakes were unfrozen, they

" being frefh water; which putteth me in hope of a mild-

" fummer here, after fo fharp a beginning as I have had;

*' and my opinion is fuch, and I affure myfelf it is fo, that

" a paffage may be as foon attained this way by the Pole,

" as
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^^ as any unknown way whatfoever, by reafonthe 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-three degrees."

Thefe hopes, however, he was foon obliged to relinquifh

for that year, having twice attempted in vain to get beyond

79^ 50". On the 21 ft of June, he flood to the Southward,

to get a loading of ii(h, and arrived in London the laft of

Auguft. Fie was employed the following year (161 1) in a

fmall bark called the Elizabeth, of 50 tuns. The inftruc-

tions for this voyage, which may be found at length in Pur-

chas, are excellently drawn up: They direct him, after

having attended the iifhery for fome time, to attempt difco-

veries to the North Pole as long as the feafon will permit;

with a difcretionary claufe, to aft in unforefeen cafes as fhall

appear to him moft for the advancement of the difcovery,

and interefj: of his employers. This however proved an unfor-

tunate voyage: for having ftaid in Crofs Road till the 1 6th of

June, on account of the bad weather, and great quantity

of ice, he failed from thence on that day, and fleered

W bN fourteen leagues, where he found a bank of ice

:

he returned to Crofs Road ; from whence when he failed,

he found the ice to lie clofe to the land about the lati-

tude of 80°, and that it was impoflible to pafs that way;

and the flrong tides making it dangerous to deal with the

ice, he determined to ftand along it to the Southward, to

try if he could find the fea more open that way, and Co

2 get
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get to the Weftward, and proceed on his voyage. He
found the ice to lie neareft SW and SW b S and ran.

along it about an hundred and twenty leagues. He had

no ground near the ice at i6o, i8o, or 200 fathoms : per-

ceiving the ice ftill to trend to the fouthward, he deter-

mined to return to Spitsbergen for the filLery, where he

loft his fhip.

In the year 16 14, another voyage was undertaken, in

which Baffin and Fotherby were employed. With much

difficulty, and after repeated attempts in vain with the

fhip, they got with their boats to the firm ice, which,

joined to Red-Beach; they walked over the ice to that

place, in hopes of finding whale-fins, &c. in which they

were difappointed. Fotherby adds, in his account : " Thus,.

" as we could not find what we defired to fee, fo did we
" behold that which we wifhed had not been there to be

" feen; which was great abundance of ice, that lay clofe

" to the fhore, and alfo ofi:' at fea as far as we could;

" difcern." On the eleventh of Auguft they failed from

Fair-Haven, to try if the ice would let them pafs to the

Northward, or Northeaftward ; they fleered from Cape

Barren, or Vogel Sang, N E b E eight leagues, where

they met with the ice, which lay E b S and W b N.-

The fifteenth of Auguft they faw ice frozen in the fea-

of above the thicknefs of an half-crown.

Fotherby-
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Fotherby was again fitted out the next year in a pinnace

•of twenty tons, called the Richard, with ten men. In

this voyage he wa« prevented by the ice from getting

farther than in his laft. He refers to a chart, in which he

had traced the fhip's courfe on every traverfe, to fhew how

far the ftate of that fea was difcovered between eighty and

feventy-one degrees of latitude, and for twenty-fix degrees

of longitude from Hackluit's headland. He concludes the

account of his voyage in the following manner

:

" Now, if any demand my opinion concerning hope

^* of a paffage to be found in thofe feas, I anfwer ; that it

^' is true, that I both hoped and much defired to have

" pafTed further than I did, but was hindered with ice

;

*' wherein although I have not attained my defire, yet

*' forafmuch as it appears not yet to the contrary, but

*' that there is a fpacious fea betwixt Groinland and king

** James his new land [Spitsbergen] although much pefter-

" ed with ice ; I will not feem to difwade this worfliip-

*' ful company from the yearly adventuring of 150 or 200

" pounds at the moft, till fome further difcovery be made

** of the faid feas and lands adjacent." It appears that

the Ruflia company, either fatisfied with his endeavours

and defpairing of further fuccefs, or tired of the expence

of the undertaking, never employed any more (hips on this

(difcovery.

All
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All thefe voyages having been fitted out by private ad-

venturers, for the double purpofe of difcovery and prefent

advantage ; it was natural to fuppofe, that the attention

of the navigators had been diverted from purfulng the

more remote and lefs profitable obje6: of the two, with

all the attention that could have been wifhed. I am
happy, however, in an opportunity of doing juftice to

the memory of thefe men; which, without having

-

traced their fteps, and experienced their difficulties,

it would have been impoflible to have done. They

appear to have encountered dangers, which at that

period muft have been particularly alarming from their

novelty, with the greatell fortitude and perfeverance ; as

well as to have ihewn a degree of diligence and /kill, not

only in the ordinary and pradical, but more fcientific

parts of their profeffion, which might have done honour

to modern feamen, with all their advantages of later im-

provements. This, when compared with the accounts

given of the ftate of navigation, even within thefe forty

years, by the moft eminent foreign authors, affords the

moft flattering and fatisfaQory proof of the very early

exiftence of that decided fuperiority in naval affairs, which

has carried the power of this country to the height it has

now attained.

This great point of geography, perhaps the moft im-

portant in its confequences to a commercial nation and

C maritime
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maritime power, but the only one which had never yet

been the object of royal attention, was fuffered to remain

without further inveftigation, 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

February, a propofal for an expedition to try how far na-

vigation was pradicable towards the North Pole ; which

his Majefty was pleafed to diredt fhould be immediately

undertaken, with every encouragement that could coun-

tenance fuch an enterprize, and every afliftance that could

contribute to its fuccefs. ,

As foon as I heard of the defign, I offered myfelf, and

had the honour of being entrufted with the conduft of

this undertaking. The nature of the voyage requiring

particular care in the choice and equipment of the fhips,

the Racehorfe and Carcafs bombs were fixed upon as the

ftrongeftj and therefore propereft for the purpofe. The

probability that fuch an expedition could not be carried

on without meeting with much ice, made fome additional

llrengthening neceffary : they were therefore imme-

diately taken into dock, and fitted in the moft compleat

manner for the fervice. The complement for the Race-

horfe was fixed at ninety men, and the ordinary eftablifh-

ment departed from, by appointing an additional number

of officers, and entering effe<3;ive men inftead of the

ufual number of boys.

3 I was
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I was allowed to recommend the officers ; and was very-

happy to find, during the courfe of the voyage, by the

great affiftance I received on many occafions from their

abilities and experience, that I had not been miftaken in

"the charaders of thofe upon whom fo much depended in

the performance of this fervice. Two mafters of Green-

landmen were employed as pilots for each fhip. The

Racehorfe was alfo furnifhed with the new chain-pumps

made by Mr. Cole according to Captain Bentinck's im-

provements, which were found to anfwer perfe£lly well.

We alfo made ufe of Dr. Irving's apparatus for diftilling

frefli water from the fea, with the greateft fuccefs. Some

fmall but ufeful alterations were made in the fpecies of

provifions ufually fupplied in the navy; an additional

quantity of fpirits was allowed for each fhip, to be iffued

at the difcretion of the commanders, when extraordinary

fatigue or feverity of weather might make it expedient.

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 expe<Sl, was ordered to be put on

board, to be given to the feamen when we arrived in the

high latitudes. It was forefeen that one or both of the

fhips might be facrificed in the profecution of this under-

taking ; the boats for each fliip were therefore calculated,

in number and fize, to be fit, on any emergency, to

C a tranfport
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tranfport the whole crew. In fhort, every thing which

could tend to promote the fuccefs of the undertaking, or

contribute to the fecurity, health, and convenience of the

ihips' companies, was granted.

The Board of Loftgltude agreed with Mr. Ifrael Lyons

to embark in this voyage, to make aftronomical obferva-

tions. His reputation for mathematical knowledge was

too well eftabUflied to receive any addition from the few

opportunities which a voyage in fuch unfavourable

climates could afford. The fame Board fupplied him with

fuch inftruments as they imagined might be ufeful for

making obfervations and experiments. The Royal So-

ciety favoured me with fuch information as they judged

might ferve to dired my enquiries, whenever the circum-

ftances of the voyage (hould afford me leifure and opportu-

nity for making obfervations. Befides thefe learned bodies,

I was obliged to many individuals for hints ; amongft

whom it is with pleafure I mention Monlieur D'Alembert,

who communicated to me a (liort paper, which, from the

concifenefs and elegance with which it was drawn up, as

well as from the number of interefting obje£ts that it re-

commended to my attention, would have done honour to

any perfon whofe reputation was not already eliablifhed

upon fo folid a foundation as that learned phiiofopher's.

To Mr. Banks I was indebted for very full inftrudions in

the branch of natural hiftory, as I have fince been for his

affiftance
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afliftance in drawing up the account of the produdions of

that country ; which I acknowledge with particular fatis-

fadion, as inftances of a very long friendfhip which I ani

happy in an opportunity of mentioning.

As a voyage of this kind would probably afford many
opportunities of making experiments and obfervations in

matters relative to navigation, I took care to provide my-
felf with all the beft inftruments hitherto in ufe, as well

as others which had been imperfedly, or never, tried.

The length of the Second Pendulum in fo high a lati-

tude as I was likely to reach, appearing to me an experi-

ment too interefting to be neglected, I defired Mr. Gum-
ming to make me fuch an inftrument as he thought would

beft anfwer the purpofe. That modefty and candour which

always attend real merit, induced him to lend me the

identical pendulum with which Mr. Graham had made his

experiments, rather than furnifh me with one of his own
conftrudion ; but the judgment as well as fkill with

which the apparatus joined to it was contrived and exe-

cuted, notwithftanding the (hortnefs of the time, will, I

am fure, do him credit.

The Board of Longitude fent two watch machines for

keeping the longitude by difference of time; one con-

ftruded by Mr. Kendal^ on Mr. Hajrrifon's principles;.

the

13
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the other by Mr. Arnold. I had alfo a pocket watch

conftruded by Mr. Arnold, by which I kept the longi-

tude to a degree of exaftitude much beyond what I could

have expelled ; the watch having varied from its rate of

going only 2 /^o' 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 convenience of the generality

of readers, I have reduced from the nautical to the

civil computation : to this I fhall add, by way of Ap-

pendix, an account of all the experiments and obferva-

tions under their refpedive heads, that thofe who in-

tereft themfelves in any particular branch, 'may find

whatever they want, unmixed with foreign matters;

while thofe who may wifh only to trace the whole pro-

grefs of the voyage, as well as thofe who may be fatiC

fied with the general refults of the experiments, will

find the account unincumbered with that detail which

I wifh to fubmit to others, who may chufe to examine

more minutely, and compare the fads with the con-

clufions.

A voyage of a few months to an uninhabited extre-

mity of the world, the great objed of which was to af-

certain a very interefting point in geography, cannot be

fuppofed to afford much matter for the gratification of

mere
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mere curlofity. The experiments and obfervations may

pollibly from their novelty, and the pecuHar circumftances

of the climate in which they were made, afford fome

entertainment to philofophers j and might perhaps have

been more numerous and fatisfaftory, if the purfuit of

the great objed of the voyage had not rendered them,

however interefting in themfelves, but a fecondary con-

fideration.

15
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JOURNAL.
A PRIL 19th, 1773, I received my commifllon for April.

^ ^ the Racehorfe, with an order to get her fitted '

"

with the greateft difpatch for a voyage of difcovery to-

wards the North Pole, and to proceed to the Nore for

further orders.

23d. The fhip was hauled out of dock.

May 2 1 ft. The fliip being manned and rigged, and ^^y*

having got in all the provifions and ftores, except the

Gunner's, we fell down to Galleons.

2 2d. 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 obliging attention he had

fhewn during the whole progrefs of the equipment, by

coming on board to fatisfy himfelf, before our departure,

that the whole had been compleated to the wifli of thofe

who were embarked in the expedition. The Eafterly

D 2 winds
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May. winds prevented our going down the river till the 26th,

-~^—^ when I received my inftruftions for the voyage, dated the

:25th; dire6ting me to fall down to the Nore in the

Racehorfe, and there taking under my command the

Carcafs, to make the beft of my way to the Northward,

and' proceed up to the North Pole, or as far towards it as

poffible, and as nearly upon a meridian as the ice or other

obftrudlions might admit ; and, during the courfe of the

voyage, to make fuch pbfervations of every kind as might

be ufeful to navigation, or tend to the promotion of na-

tural knowledge : in cafe of arriving at the Pole, and

even finding free navigation on the oppofite meridian,

not 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 proceed, in

unforefeen cafes, according to my own difcretion ; and

another claufe directing me to profecute the voyage on

board the Carcafs, in cafe the Racehorfe fhould be loft or

difabled.

27th. I anchored at the Nore, and was joined by

.Captain Lutwidge, in the Carcafs, on the 30th : her

,
equipment was to have been in all refpeds the fame as that

of the Racehorfe, but when fitted. Captain Lutwidge find-

ing her too deep in the water to proceed to fea with fafety,

obtained leave of the Admiralty to put fix more guns on

ihore, to reduce the complement to eighty men, and re-

.lurn a quantity of provifions proportionable to that re-

,4 dudion.
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du<5Hon. The officers were recommended by Captain -^^y^

Lutwidge, and did juftice to his penetration by their

condu6l in the courfe of the voyage. During our ftay

here, Mr. Lyons landed with the aftronomical quadrant

at Sheernefs fort, and found the latitude to be 51° 31' 30^'',

longitude 0° 30' Eaft. The Eafterly winds prevented

our moving this day and the following.

June 2d. Having the wind to the Weftward of North, Ji^»e.

at five in the morning I made the fignal to weigh ; but

in lefs than half an hour, the wind lliifting to the Eaft-

ward and blowing frefh, I furled the topfails. The wind

came in the afternoon to N b E ; we weighed, but did not

get far, the tide of flood making againft us.

3d. The wind blowing frefli all day Eafterly, we did

not move.

4th. The wind coming round to the Weftward at fix

in the morning, I weighed immediately, and fent the

boat for Captain Lutwidge, to deliver him his orders;

At 10 A. M. longitude by the watch 56' E. At noon the

latitude obferved was 51° 37' 36^'' N. At eight in the

evening we had got as far as Balfey Clifl^, between Orford

and Harwich. Little wind at night.

5th. Anchored in Hofeley Bay at half paft feven in

the evening, in five and an half fathom water. Orford

Caltle NEbN.
, Angle

» . /
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was 53* 38' 37''* We faw the high land near the Spurn, June

in the evening.

9th. About noon Flamborough Head bore NWbN
diftant about fix miles : we were by obfervation in lati-;

tude 54° 4' 54''', longitude 0° 27' 15'"' E; which makes

Flamborough Head, in latitude 54° 9^ longitude 0° 19'

1
5''''

E. In the afternoon we were off Scarborough. AU
nioft calm in the evening.

loth. Anchored in the morning for the tide in Robin

Hood's Bay, with little wind at NW : worked up to

Whitby Road next tide, and anchored there at four in

the afternoon, in fifteen fathom, with very little wind.

nth. Calm in the morning; compleated our water,

live ftock and vegetables. At nine in the. morning

longitude obferved by the watch 1°
s^''

30'' W;
Whitby Abbey bore S i W. Weighed with the wind

at S E, and fleered N E b N to get fo far into the mid-

channel as to make the wind fair Eafterly or Weflerly,

without being too near either fhore, before we were clear

of Shetland and the coaft of Norway.

12th. The wind at SE, and the fliip well advanced,

I ordered the allowance of liquor to be altered, ferving the

fliip's company one-fourth of their allowance in beer, and

the other three-fourths in brandy ; by which means the

beer
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jiine. beer was fnade to laft the whole voyage, and the water

confiderably faved. One half of this allowance was ferved

immediately after dinner, and the other half in the even-

ing. It Was now light enough all night to read upon

deck.

13th. The weather ftill fine, but confideirably lefs

wind than the day before, and in the afternoon more

Northerly. The longitude at ten in the morning was

found by my watch 0° 6'' W. We took three obfervations

of the moon and fun for the longitude ; the extremes dif-

fered from one another near two degrees : the mean of

the three gave the longitude 1° 37' E. At noon the la-

titude obferved was 59° 32^ s/''. We found a difference

of 36' between the latitude by dead reckoning and obfer-

vation, the fhip being fo much niore Northerly than the

reckoning. The diftance by this log was too fliort by

forty-three miles. A log marked forty-five feet, accord-

ing to the old method, would have agreed with the ob-

fervation within two miles in the two days' run. The cir-

cumftance of fceering upon a meridian, which afforded me

fuch frequent opportunities of detecting the errors of the

log, induced me to obferve with care the comparative ac-

curacy of the different methods of dividing the line, re-

commended by mathematicians, or pradifed 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 0° 4 E. This evening the fun

fet
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fet at twenty-four minutes paft nine, and bore about

N NW by the compafs. The clouds made a beautiful

appearance long after to the Northward, from the re-

fledlion of 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 obfervations for

the longitude by the fun and moon, and by my watch.

The longitude of the fhip was found by my watch, at

ten in the morning, to be 1° 11' 45'^ W. The longitude

by the lunar obfervations differed near two degrees from

one another. By the mean of them the fliip was in lon-

gitude 2° S7 45" ^' Some Shetland boats came on

board with fifh. At noon the latitude by obfervation

was 60° 1 1>' 45^^ At one in the afternoon the dip was

obferved to be 73" 30'; and at eight, 75° 18': the even-

ing calm, and very fine ; the appearance of the fky to the

Northward very beautiful. Variation, by the mean of

feveral obfervations, 22° 25' W.

15th. By an obfervation at eight in the morning, the

longitude of the Ihip was by the watch 0° 39' W : Dip 74"*

52'. At half paft ten in the morning, the longitude,

from feveral obfervations of the lun and moon, was 0°

ij W; at noon being in latitude 60° 19^ 8% by

obfervation, I took the diitance between the two (hips by

E tlie
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the Megameter ; and from that bafe determined the po-

rtion of Hangcliff, which had never before been afcer-

tained, though it is a very remarkable point, and fre-

quently made by fhips. According to thefe obfervations.

it is in latitude 60° 9', and longitude 0° 56' 36^ W. In

the Appendix I fhall give an account of the manner of

taking furveys by this inftrument, which I believe never

to have been pra<9:ifed before. At one, obferved the dip

to be 75°. A thick fog came on in the afternoon,

with a flat calm ; we could not fee the Carcafs, but

heard her anfwer the fignals for keeping company.

Variation, from the mean of feveral obfervations,

25° 1' W,

1 6th. A very thick fog in the morning ; latitude ob-

ferved at noon 60° 29'' j']'' i the dip was obferved at

nine in the evening to be 76° 45''. In the afternoon, the

weather clear, and the wind fair, fleered NN E : fent

Captain Lutwidge his further orders and places of ren-

dezvous.

1 7th. Wind fair, and blowing fre(h at S S W, con-

tinued the courfe N N E : ordered the people a part of

the additional clothing : faw an Englilli floop, but had

no opportunity of fending letters on board, the fea run-

ning high. At ten in the morning, longitude by the

watch 0° i9'45^^W: at noon, the latitude obferved

was 62° $g 27". The fhip had out-run the reckoning

5 eleven.
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eleven miles. I tried Bouguer's log twice this day, and

found it give more than the common log. Variation

19° 22' W.

1 8th. Little wind all day, but fair, from S S W to S E:

ftill fleering NNE: latitude obferved at noon 65° 18'

\'f\ At three in the afternoon, founded v/ith 300 fa-

thom of line, but got no ground. Longitude by the

watch 1° d 30"" W.

19th. Wind to the N W. Took the meridian ob-

fervation at midnight for the firft time: the fun's lower

limb 0°
3 7' 30" above the horizon j from which the latitude

was found 66° 54'' 39" N : at four in the afternoon, lon-

gitude by the watch 0° 58' 45'' W: at fix the variation

19° 11' W.

20th. Almoft calm all day. The water being per-

feftly fmooth, 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 j the

temperature of the air being 48° I.

E 2 We
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June. AVe began this day to make ufe of Do^^or Irving's

apparatus for diftilling frefh water from the fea : repeated

trials gave us the moft fatisfaftory proof of its utility : the

water produced from it was perfectly free from lalt, and

wholefome, being ufed for boiling the fhip's provilions

;

which convenience would alone be a defirable objedl in all

voyages, independent of the benefit of fo ufeful a refource

in cafe of diftrefs for water. The quantity produced every

day varied from accidental circumftances, but was gene-

rally from thirty-four to forty gallons, without any great-

addition of fuel. Twice indeed the quantity produced

was only twenty-three gallons on each difliilation ; this

amounts to more than a quart for each man, which^

though not a plentiful allowance,, is much more than

what is neceflary for fubfiftence. In cafes of real neceffity

I have no reafon to doubt that a much greater quantity

might be produced without an inconvenient. expence of

fuei.

2ift. A frefli gale at S E all. day; fleered NlSTEi;

At four in the morning we fpoke with a fnow from the

feal filhery, bound to Hamburg,, by which we fen t fome

letters. At fix in the morning the variation, by the mean

of feveral obfervations, was 23° 18^ W. Longitude by the

watch at nine was 0° 34' 30" W. Latitude obferved at

noon 68° 5'.

zzdi
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2 2d. Calm moft part of the day; rainy and rather

eold in the evening. At noon obferved the dip to be

77° 52'^

23d. Very foggy all day; the wind fair; altered the

Gourfe and fleered N E and E N E, to get more into the

mid channel, and to avoid falling in with the Weftern

ice, which, from the increafing coldnefs of the weather,

we concluded to be near. At feven o'clock in the morn-

ing, being by our reckoning to the Northward of 72°, we
faw a piece of drift wood, and a fmall bird called a Red-

poll. Dip obferved at nine in the evening to be

81° 30'..

24th. Very foggy all the morning ; the wind came

round to the Northward. The dip obferved at noon

was 80° 3 5^ 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 73° 40'.

25 th, Wind Northerly, with a great fweli ; fome

fnovv, but in general clear. At eight in the morning,

the longitude obferved by the watch was 7° 15' E. Made

feveral obfervations on the variation, which we found, by

thofe taken at feven in the morning, to be 17^ 9' V/;

by others at three in the afternoon, only 7° 47' W. I

eould not account for this very fudden and extraordinary

decreafe,,
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June. decreafe, as there were feveral difFerent obfervatlons

taken both in the tnorning and evening, which agreed

perfedly well with each other, without any apparent

caufe which could produce an error affecting all the ob-

fervations of either fet. At eight in the evening the lon-

gitude by the moon was 12^ 57' 30'' E, which differed

2 35' from that by the watch. Little wind at night.

26th. Little wind all day ; the weather very fine and

moderate. The latitude obferved at noon was 74° 25'.

The thermometer expofed to the fun, which fhone very

bright, rofe from 41° to 61° in twenty minutes. By each

of two lunar obfervations which I took with a fextant of

four inches radius, at half paft one, the longitude was

9° si 30" E; which agreed within thirty-feven minutes

with an obfervation made by the watch at half an hou|"

after three, when the longitude was 8' 52' 30'' E. Dip

79° 22'.

27th. At midnight the latitude obferved was 74" 26'.

The wind came to the S W, and continued fo all day,

with a little rain and fnow. The cold did not increafe.

We fleered N b E. At feven in the morning the varia-

tion, by a mean of feveral obfervations, was found to be

20° 38' W. We were in the evening, by all our reckon-

ings, in the latitude of the South part of Spitfbergen,

without any appearance of ice or fight of land, and with

a fair wind.

28th.
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28 th. Lefs wind in the morning than the day before, June.

with rain and fleet : continued fleering to the Northward.

At five in the afternoon picked up a piece of drift wood,

which was Hr, and not worm-eaten : founded in 290 fa-

thom ; no ground. At fix the longitude by the watch

was 7° 50' E : between ten and eleven at night, faw the

land to the Eaftward at ten or twelve leagues diftance.

At midnight, dip 81° 7'.

29th. The wind Northerly ; flood clofe in with the

land. The coaft appeared to be neither habitable nor

acceffible ; it was formed by high, barren, black rocks,

without the leaft marks of vegetation ; in many places bare

and pointed, in other parts covered with fnow, appear-

ing even above the clouds : the vallies between the high

cliffs were filled with fnow or ice. This profped would

have fuggefled the idea of perpetual winter, had not

the mildnefs of the weather, the fmooth water, bright

funihine, and conftant day-light, given a chearfulnefs

and novelty to the whole of this flriking and romantick

fcene.

I had an opportunity of making many obfervations near

the Black Point. Latitude obferved at noon 77^59' 11".

The difference of latitude, from the laft obfervation

on the 27th at midnight to this day at noon, would

according to the old method of marking the log have been

two-
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June. two hundred and thirteen miles ; which agrees exadly

with the obfervation. At three in the afternoon, brought

to and founded no fathom; foft muddy ground:

hoifted out the boat and tried the ftream ; found it, both

by the common and Bouguer's log (which agreed exactly)

to run half a knot North ; Black Point bearing E N E.

At four the longitude by the watch was 9° 31' E: at

eight the variation, by the mean of nineteen obfervations,

11° 53' W. I could not account from any apparent caufe

for this great change in the variation : the weather was

fine, the water fmooth, and every precaution we could

think of ufed to make the obfervations accurate. The dip

was 8d° 26'. Plying to the Northward,

30th. At midnight the latitude by obfervation was

78° o' 50". At four in the morning, by Lord Charles

Cavendifh's thermometer the temperature of the water at

the depth of 118 fathoms was 31° of Fahrenheit's ; that

of the air was at the fame time 40°!. At nine in the

morning we faw a fhip in the N W, {landing 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 pre-

vented by the calm which followed. At noon the lati-

tude obferved was 78° 8'; the dip 79° 30'. At two

in the afternoon we founded in 115 fathom; muddy

bottom : at the fame time we fent down Lord Charles

Cavend-lh's thermometer, by which we found the

. temperature
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temperature of the water at that depth to be 33°; that of June.

the water at the furface was at the fame time 40°, and in

the air 44° |. Fahrenheit's thermometer plunged in water

brought up from the fame depth, flood at 38°!. This

evening the m after of a Greenland Ship came on board,

who told me, that he was juft come out of the ice which

lay to the Weftward about iixteen leagues off, and that

three fhips had been loft this year, two EngHfti, and one

Dutch. The weather fine, and rather warm. At fix in

the evening the longitude by my watch was 9° 28'

45" E.

July I ft. Little wind Northerly, or calm, all day : the J^h'-

weather very fine, and fo warm that we fat without a

fire, and with one of the ports open in the cabin. At

noon the latitude obferved was 78° 13' 36"; Black Point

bearing S 78° E ; which makes the latitude of that point

nearly the fame as that of the fliip, and agrees very well

with the chart of this coaft in Purchas.

2d. Little wind, and calms, all day ; the weather very

fine. At fix in the morning five fail of Greenlandmen in

fight. At noon the latitude obferved was 78° 22' 41".

I took a furvey of the coaft, as far as we could fee ; I

took alfo with the megameter the altitudes of feveral of

the mountains : but as there is nothing particularly in-

terefting to navigators in this part of the coaft, I ftiall

only mention the height of one mountain, which was

F fifteen
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fifteen hundred and three yards. This may ferve to give

fome idea of the appearance and fcale of the coaft. At

half paft fix the longitude by the watch was 9° 8' 30" E :

Variation 14° sb' W.

3d. Latitude at midnight 78° 23' 46": Dip 80' 45'.

The weather fine, and the wind fair all day. Running

along by the coaft of Spitfbergen all day : feveral Green-

landmen in fight. Between nine and ten in the evening

we were abreaft of the North Foreland, bearing E b S i S,

diftance i § mile. Sounded in twenty fathom j rocky

ground.

4th. Very little wind .in the morning. At noon the

latitude by obfervation was 79° 31'. Magdalena Hook

bore N 39° E diftant about four miles; which gives the

latitude of that place 79° 34'; the fame as Fotherby ob-

ferved it to be in 161 4. Stood in to a fmall bay to the

Southward ofMagdalena and Hamburgher's Bay: anchored

with the ftream anchor, and fent the boat for water. About

three in the afternoon, when the boat was fent on

ihore, it appeared to be high water, and ebbed about three

feet. This makes high water full and change at half

an hour paft one, or with a 8 S W moon ; which agrees

exadlly with Baffin's obfervation in 1 6 1 3 . The flood comes

from the Southward. Went aftiore with the aftrono-

mer, and inftruments, to obferve the variation. A thick

fog came on before we had completed the obfervations.

The
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The fliip driving, 1 weighed and ftood out to fea under an

eafy fail, firing guns frequently to fhew the Carcafs where

we were ; and in lefs than two hours joined her. Soon

after (about four in the morning of the 5th) the Rock-

ingham Greenland Ship ran under our ftern, and the

mafter told me he had juft fpoke with fome fliips from

which he learnt, that the ice was within ten leagues of

Hacluyt's Head Land, to the North Weft, In confe-

quence of this intelligence, I gave orders for fleering in

towards the Head Land ; and if it fhould clear up, to fleer

diredly for it ; intending to go North from thence, till

fome circumftance fhould oblige me to alter my courfe.

5 th. At five the officer informed me, that we were

very near fome iflands off Dane's Gat, and that the pilot

wifhed to ftand farther out ; I ordered the fhip to be

kept N b W, and hauled farther in, when clear of the

iflands. At noon I fleered 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 fhore ;

I hauled down the fludding fails, and hailed the Carcafs

to let them know that I fhould fland for it to make what

it was, having all hands upon deck ready to haul up at a

momept's warning : I defired that they would keep clofe

to us, the fog being fo thick, and have every body up

ready to follow our motions inftantaneoufly, determining

to fland on under fuch fail as fhould enable us to keep

F 2 the
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July. the fliips under command, and not rifk parting com-

pany. Soon after two fmall pieces of ice not above three

feet fquare paffed us, which we fuppofed to have floated

from the fhore. It was not long before we faw fomething

on the bow, part black and part covered with fnow,

which from the appearance we took to be iflands, and

thought that we had not flood far enough out ; I hauled

up immediately to the N NW and was foon undeceived,

finding it to be ice which we could not clear upon that

tack; we tacked immediately, but the wind and fea

both fetting diredly upon it, we neared it very faft, and

were within little more than a cable's length of the ice,

whilft in ftays. The wind blowing frefh, the fhips would

have been in danger on the 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 b S.

At half paft feven in the evening, the {hip running en-

tirely to the Southward, and the weather clearing a little,

I tacked, and flood for the ice. When I faw it, I bore

down to make it plain ; at ten the ice lay from NW
to Eafl, and no opening. Very foggy, and little wind,

all day ; but not cold. At eleven came on a thick fog.

At half paft midnight, heard the furge of the ice, and

hauled the wind to the Eaflward.

6th. Clear weather all day, and the wind Eafterly of£

the ice. In the morning I flood in to make the land-

plain. At fix, was within four miles of the ice, which

bore
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bore from EN E to W NW : at ten near Vogel Sang :

at noon, latitude obferved 79° 56' 39"; wind Eafterly.

Continued plying to windward between the land and the

ice : was within a quarter of a mile of the ice, which lay

from E N E to N N W, when I tacked at two in the

afternoon; and within half a cable's length at midnight:

the Carcafs was a great way aftern and to leeward all

day. Being fo near the laft rendezvous, I did not chufe

to bring to for her, but was very anxious to avail myfelf

of this favourable opportunity, having the wind off the

ice and clear weather, to fee whether there was any

opening to the N E of the Head Land. By all the accounts

from the Greenlandmen this year, and particularly the laft

account from the Rockingham, as well as from what we

had feen ourfelves, the ice appeared to be quite clofc ta

the N W. We had feen it from E S E to W N W. It was-

probable that the fea, if open any where, would be fo to

the Eaftward, where the Greenlandmen do not often ven-

ture, for fear of being prevented from returning by the

ice joining to Spitfbergen. I determined therefore, fliould

the wind continue in the fame quarter next day, to find

whether the ice joined to the land, or was fo detached as

to afford me an opportunity of paffing to the Eaftward.

In cafe of the ice being faft I could, v/ith the wind Eafterly,

range clofe along the edge of it to the Weftward. The

weather exceedingly fine. At fix in the afternoon, the

longitude by the watch was 9"^ 43' 30" E.

7tliw
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]u\y. yth. At five in the morning the wind was Northerly,

and the weather remarkably clear. Being near the ice

I ranged along it. It appeared to be clofe all round;

but I was in hopes that fome opening might be

found to get through to a clear fea to the Northward. I

ran in amongft the fmali ice, and kept as clofe as poffible

to the main body, not to mifs any opening. At noon,

Cloven ClifF W I S feven leagues. At one in the after-

noon, being ftill amongft the loofe ice, I fent the boat to

one of the large pieces to fill water. At four we fhoaled

the water very fuddenly to fourteen fathom : the outer

part of Cloven Cliff bore W | N : Redcliff, S I E. The

loofe ice being open to the E N E, we hauled up, and im-

mediately deepened our water to twenty-eight fathom

;

muddy ground, with fheils. At half paft four, the ice

fetting very clofe, we ran between two pieces, and having

little wind were flopped. The Carcafs being very near,

and not anfwering her helm well, was almoft on board of

us. After getting clear of her, we ran to the Eaftward.

Finding the pieces increafe in number and fize, and

having got to a part lefs crowded with the drift ice, I

brought to, at fix in the evening, to fee whether we could

difcover the leaft appearance of an opening : but it being

my own opinion, as well as that of the pilots and officers,

that we could go no farther, nor even remain there with-

out danger of being befet, I fent the boat on board the

Carcafs for her pilots, to hear their opinion ; they both

7 declared
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declared that it appeared to them impracticable to proceed
joiy.

that way, and that it was probable we fhould foon be '" "
^

befet where we were, and detained there. The ice fet fo

faft down, that before they got on board the Carcafs we
were faft. Captain Lutwidge hoifled our boat up, to

prevent her being ftove. We were obliged to heave the

ihip 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 flopped. The people in both fhips being much fa-

tigued, and the Carcafs not able to keep up with

us, without carrying ftudding-fails, I fhortened fail as foon

as we were quite out, and left orders to ftand to the

Northward under an eafy fail: I intended, having failed

in this attempt, to range along the ice to the N W, in

hopes of an opening that way, the wind being fair, and

the weather clear ; refolving, if I found it all folid, to

return to the Eaftvvard, where probably it might by that

time be broken up, which the very mild weather encou-

raged me to exped.

8th. Little wind in the morning, and a fwell letting

on the ice, we were obliged to get the boats a-head, to

tow the fhip clear ; which they effedled with difficulty.

A breeze fpringing up when we were within two cables

lengths of the main body of the ice, flood in for the

land, and tacked at two, to ftand to the NW for the ice;

but the weather coming thick between five and fix, I

ftOGcI
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July. flood in again for the land. It clearing up foon after, I

bore away again NW for the ice. At ten, fpoke with

a Greenland Ship which had juft left the ice all clofe to

the N N W. 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 probabiHty of an opening ; and propofing

if that weather continued, to complete the fhip's water,

and be ready with the firfl: wind, off or along the ice, to

look out for an opening, and run in. To avoid any incon-

venience which from the experience of the preceding day

I perceived might happen, from too many running to one

place on any fudden order, I divided the people into

gangs under the midfhipmen, and flationed them to the

ice hooks, poles, crabs, and to go over upon the ice

when wanted.

9th. Having a fair opportunity, and S W wind, ftood

to the Weftward ; intending, when the weather was clear,

to make the ice to the Northward, and run along it.

About twelve, clearer ; faw the faft ice to the Northward,

and the appearance of loofe ice to the N W : flood di-

redly for it, and got amongft it between two and three;

fteering as much to the Northward as the fituation of the
"

ice would permit. At fix obferved the dip 81° 52^ At

half paft feven, found the ice quite faft to the Weft, being

in
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in longitude 2° 2' E, by our reckoning, which was the

fartheft to the Weftward of Spitfbergen that we got this

voyage. At eight the fog was fo very thick, that we

could neither fee which way to puih for an opening, nor

where the Carcafs was, though very near us. That we
might not rifk parting company with her, I was obliged

to ply to windward under the top fails, tacking every

quarter of an hour to keep in the opening in which we
were, and clear of the ice which furrounded us. At four

in the afternoon we were in 80° 36'.

loth. We loft the Carcafs twice in the night, from the

very thick fog, and were working all night amongft the

ice, making very fhort tacks ; the opening being fmall,

and the floating ice very thick about the fhip. The
Situation of the people from the very fatiguing work and

wet weather, made the moft minute precautions neceflary

for the prefervation of their health: we now found the ad^

vantage of the fpirits which had been allowed for extraor-

dinary occafions 5 as well as the additional cloathing

furnifhed by the Admiralty. Notwithllanding every at-

tention, feveralof the men were confined with colds, which

affeded them with pains in their bones ; but, from tlie

careful attendance given them, few continued in the lick

lift above two days at a time. At nine in the morning,

when it cleared a little, we faw the Carcafs much to the

Southward of us. I took the opportunity of the .clear

G weather
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July. weather to run to the Weftward, and found the ice quite

foHd there; I then flood through every opening to the

Northward, but there alfo foon got to the edge of the

foUd ice. I was forced to haul up to weather a point

which ran out from it. After I had weathered that, the

ice doling faft upon me, obhged me to fet the forefail,

which, with the frefli wind and fmooth water, gave the

fliip fuch way as to force through it with a violenrftroke.

At one in the afternoon, immediately on getting out into

- the open fea, we found a heavy fwell fetting to the Norths-

ward; though amongft the ice, the minute before, the

water had been as fmooth as a mill pond. The wind blew

ftrong at S S W. The ice, as far as we could fee from

the maft head, lay E N E : we fleered that courfe clofe-

to it, to look for an opening to the Northward. I now

began to conceive that the ice was one compa£t impene-

trable body, having run along it from Eaft to Weft above

ten degrees. I purpofed however to ftand over to the

Eaftward, in order to afcertaln whether the body of ice

joined to Spitfbergen. This the quantity of loofe ice had

before rendered impradlicable ; but thinking the Wefterly

winds might probably by this time have packed it all that

way, I flattered myfelf with the hopes of meeting with

no obflrudion till I fhould come to where it joined the

land; and in cafe of an opening, however fmall, I was

determined at all events to pulh through it. The weather

clearer, and the land in fight.

nth.
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nth. At half pad four in the morning the longitude July.

by the lunar obfervation was 9° 42' E. And at the fame

time by my watch 9° 2 E. Cloven Cliff S S E, diftant '

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 Haven. At noon the latitude obferved was 80° 4 ;

Vogel Sang W S W. Little wind and a great fwell in the

morning. Calm moft part of the day.

1 2th. Calm all day, with a great fwell from the S W,
and the weather remarkably 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 fb

near the main body of the ice, as to be obliged to anchor

;

fhe came to in twenty-fix fathom water.

1 3th. Calm till noon, the {hip driving to the Wefl-

ward with the current, which we obferved to be very irre-

gular, the Carcafs being driven at the fame time to the

Eaftward. Near the main body of the ice, the detached

pieces probably affed the currents, and occafion the

great irregularity which we remarked. We had found

an heavy fwell from the SW thefe two days. At two in

the afternoon it came on very fuddenly to blow frefh from

that quarter, with foggy weather : we worked into Vogel

G 2 Sang,
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Sang, and anchored with the befl bower in eleven fathoiHj

foft clay.

The place where we anchored' is a good road-ftead,

open from the NE to the N W. The Northeafternmoft

point is the Cloven Cliff, a bare rock fo called from the

top of it refembling a cloven hoof, which appearance it

has always worn, having been named by fomeof the firft

Dutch navigators who frequented thefe feas. This rock

being entirely detached from the other mountains, and

joined to the reft of the ifland by a low narrow ifthmusi

preferves in all fituations the fame form ; and being nearly

perpendicular, it is never difguifed by fnow. Thefe circum-

ftances render it one of the moft remarkable points on the

coaft, The Northwefternmoft land is an high bluff pointy

called by the Dutch, Vogel Sang. This found, though open

to the Northward, is not liable to any inconvenience from

that circumflance, the main body of the ice lying fo near as

to prevent any great fea ; nor are ihips in any danger from

the loofe ice fetting in, as this road communicates with

feveral others formed by different ijQands, between aH

which there are fafe paiTages. To all the founds and

harbours formed by this knot of iflands, the old Engliih

navigators had given the general name of Fair Haven ; of

which Fotherby took a plat in 1614: that in which the

Racehorfe and Carcafs lay at this time they called the

North Harbour ; the harbour of Sraeerenberg, diftant about

eleven miles, (in which we anchored in Auguft) they named

the
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the South Harbour. Befides thefe, there are feveral July,

others
;

particularly two, called, Cook's Hole, and the

Norways, in both which feveral Dutch fliips were lying

at this time. Here the fhore being fteep-to, we completed

our water with great eafe, from the ftreams which fall in

many places down the fides of the rocks, and are pro-

duced by the melting of the fnow. I fixed upon a fmall

flat ifland, or rock, about three miles from the fhip, and

almoft in the center of thofe iflands which form the

many good roads here, as the propereft place for erecting

a tent, and making obfervations. The foggy weather

on the 14th prevented us from ufing the inftruments

that day. I regretted this circumftance much, fearing it

would deprive me of the only probable opportunity of

making obfervations on fhore in thofe high latitudes, as

our water was nearly recruited : however, having little

wind, with the weather very fair from the 15th to the

1 8th in the morning, I made the belt ufe of that time.

Even in the clearefl: weather here, the fky was neves

free from clouds, which prevented our feeing the moon

during the whole of our flay,, 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

mylelf to determine the going of the pendul-.m adjufted

to vibrate feconds at London. During the courfe of this

experiment, a particular and conftant attention was paid :

tOi ^
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July, to the ftate of the thermometer, which I was furprifed to

find differ fo little about noon and midnight ; its greateft

lieight was ^S°i, at eleven in the forenoon; at midnight

It was 5 1
°.

On the 1 6th, at noon, the weather was remarkably

fine and clear. The thermometer in the" fhade being at

49°, when expofed to the fun rqfe in a few minutes to

89°!, and remained fo for fome time, till a fmall breeze

fpringing up, made it fall 10° almoft inftantly. The

weather at this time was rather hot ; fo that I imagine, if

a thermometer was to be graduated according to the feel-

ings of people in thefe latitudes, the point of temperature

would be about the 44th degree of Fahrenheit's fcale.

From this ifland I took a furvey, to afcertain the fituation

-of all the points and openings, and the height of the moft

jemarkable mountains : the longeft bafe the ifland would

afford was only 618 feet, which I determined by a crofs

bafe, as well as aftual meafurement, and found the refults

not to differ above three feet. To try how far the accu-

racy of this furvey might be depended upon, I took in a

boat, with a fmall Hadley's fextant, the angles between

feven objeds, which interfered exadly when laid down

upon the pl,an. I had a farther proof of its accuracy

fome days after, by taking the bearings of Vogel Sang

and Hacluyt's Head Land in one^ which correfponded

^xadly with their pofition on my chart.

On
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On the 17th, the weather being very clear, I went up J^^f*

one of the hills, from which I could fee feveral leagues

to the N E : the ice appeared uniform and compadl:, as

far as my view extended. During our ftay here, we

found the latitude of the ifland on which the obfervations

were made, to be 79° 50'; longitude 10° 2' 30" E;

variation 20° 38^ W; dip 82° 7': latitude of Cloven

Cliff 79° 53'; longitude 9° 59' 30" E: Hacluyt's

Head Land 79° 47'; longitude 9° 11' 30'^ E. The tide

rofe about four feet, and flowed at half an hour after

one, full and change. The tide fet irrregularly, from

the number of iflands between which it paffed ; but

the flood appeared to come from the Southward.

18th. The calm weather fince the 14th had given us

full time to finifli the obfervations, and complete our

water : a breeze fpringing up in the morning, I went

afliore to get the inftriiments on board. Between one and

two we weighed, with the wind Wefterly, and flood to

the Northward. Between eleven and twelve at night,

having run about eight leagues, we were prevented by

the ice from sfetting farther. We flood along: the edse

of it to the Southward. At tv/o in the morning, being

embayed by the ice, I tacked, and left orders to fland to

the Eaftward along the edge of the ice, as foon as we could

weather the point; hoping, if there flaould be no opening

I between
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between the land and the ice, that I fhould at leaft be

able to afcertain where they joined, and perhaps to dif-

cover from the land, whether there was any profpec^ of, a

paffage 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 Eafl--

ward among the loofe ice which lay very thick in fhore,

the main body to the Northward and Eaftward : the

land near Deer Field not four miles, off, and the water

fhoaled to twenty fathoms. Here we found ourfelves

nearly in the fame place where we had twice been flopped,

the ice fituated as before, locked with the land, without

any paffage either to the Eaflward or Northward : I therev

fore Hood back to the Weftward. At noon the Northern-

moft part of Vogel Sang bore SWbS, diftant about

feven leagues. The weather being very fine, and the

wind to the Eaftward, we were enabled to coail 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 Ihip's length.

20th. At halfafter three in the morning the land was out

of fig*" t, and we imagined ourfelves in rather more than

eighty degrees and an half j fome of the openings being

near
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near two leagues deep, had Hattered us witli hopes of

getting to the Northward ; but thefe Openings proved to

be no more than bays in the main body of the ice.

About one in the afternoon, we were by our reckoning

in about 80" 34', nearly in the fame place where we

had been on the 9th. About three we bore away for

what appeared like an opening to the S W ; we found

the ice run far to the Southward.

2 1 ft. We ftill continued to run along the edge of the

ice, which trended to the Southward. At noon we were

in the latitude of 79° 26', by obfervation, which was

twenty-five miles to the Southward of our reckoning.

Finding that the diredion of the ice led us to the South-

ward, and that the current fet the fame way, I flood to

the Northward and Weftward clofe along the ice, to try

whether the fea was opened to the Northward by the

wind from that quarter. At nine in the evening we had

no ground with 200 fathom of line. At ten we got into

a ftream of loofe ice. The weather fine, but cool all day,

and fometimes foggy.

2 2d. At two in the morning we bore away to the NE,
for the main body of the ice ; the weather became foggy

foon afterwards. At fix we faw the ice ; and the weather

being ftill foggy, we hauled up to the S S E, to avoid

being embayed in it. The air very cold.

H 23d.
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July. 23d. At midnight, tacked for the body of the ice.

Latitude obferved 80° 13^ 38" Rainy in the morning j

fair in the aftemoon : 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 ap-

peared to have funk one third of its length in the mud.

At two in the morning, with little wind, and a fwell from

the South Weft, I ftood to the Northward amongft the

loofe ice : at half paft two the main body of the ice a

cable's length off, and the loofe ice fo clofe that we wore

{hip, not having room or way enough to tack ; ftruck

very hard againft the ice in getting the fhip round, and

got upon one piece, which lifted her in the water for near

a minute, before her weight broke it. The fhips had been

fo well flrengthened, that they received no damage from

thefe flrokes ; and I could with the more confidence pufh

through the loofe ice, to try for openings. Hacluyt's

Head Land bore S 50° W diflant about feven leagues.

24tb. By this fituation of the ice we were difappointed

of getting diredly to the Northward, without any profpe^l

after fo many fruitlefs attempts of being able to fucceed to

the Weflward; nor indeed, could 1 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 Weltward,

but by fetting the fea on it, make it as improper to be

approached
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approached as a rocky lee (hore. To the Eaftward on the

contrary it would make fmooth water, and detach all the

loofe ice from the edges ; perhaps break a flream 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 pradicable to proceed. Finding the ice fo faft to the

Northward and Wellward, it became a defirable objedl to

afcertain how far it was poflible to get to the Eaftward,

and by that means purfue the voyage to the Northward.

Thefe confiderations determined me to ply to the Eaft-

ward, and make another puili to get through where I had

been three times repulfed. In working to the Eaftward,

we kept as near the body of the ice as poftible. At noon

the Cloven Cliff bore SW b S about feven leagues. At fix

we were working to the N E, and at nine we fteered to the

S E, the ice appearing more open that way : we had frefli

gales and cloudy weather. The ftiip 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 fre(h gales this day, as well

as to the fummer being more advanced, that we were

enabled to get farther than in any of our former attempts

this way. We continued coafting the ice, and 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 fliore about three leagues off.

When I left the deck, at four in the morning, we were

very near the fpot where the fliips had been faft in the ice

H 2 on
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on the 7th in the evening, but rather farther to the Eaft-

ward ; v/e had pafTed over the fame fhoal water we had

met with that day, and were now in twenty fathom,

rocky ground ; ftill amongft loofe ice, but not fo clofe as

we had hitherto found it.

25th. At feven in the morning we had deepened our

water to fifty-five fathom, and were ftill amongft the loofe

ice., At noon we had deepened our water to feventy

fathom, with muddy bottom, at the diftance of about

three miles from the neareft land. By two in the after-

noon we had paffed Deer Field, which we had fo often

before attempted without fuccefs ; and finding the fea

open to the N E, had the mofl: flattering profpedt of

getting to the Northward. From this part, all the way

to the Eaftward, the coafl: wears a different face; the

mountains, though high, are neither fo fleep or fharp-

pointed, nor of fo black a colour as to the Weftward.

It was probably owing to this remarkable difference in the

appearance of the (liore, that the old navigators gave to

places hereabouts the names of Red Beach^ Red Hill^ and

Red Cliff. One of them, fpeaking of this part, has de-

fcribed the whole country in a i^v^ words :
" Here (fays

'' he] I faw a more natural earth and clay than any that I

*' have feen in all the country, but nothing growing

*' thereupon more than in other places." At two in the

afternoon we had little wind, and were in fight of Moffen

in and, which is very low and flat.

The
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The Carcafs being becalmed very near the ifland in the

evening, Captain Lutwidge took that opportunity of ob- J"b'

taining the following exad account of its extent, which

he communicated to me.

"At lo PM, the body of Moffen Ifland bearing

*' E b S diftant two miles ; founded thirteen fathoms

;

" rocky ground, with light brown mud, and broken fhells^

*' Sent the mafter on fhore, who found the ifland to be

" nearly of a round form, about tv/o miles in diameter,

*' with a lake or large pond of water in the middle, all

" frozen over, except thirty or forty yards round the edge

" of it, which was water, with loofe pieces of broken ice^,

*' and fo fhallow they walked through it, and went over

" upon the firm folid ice. The ground between the fea

" and the pond is from half a cable's length to a quarter

" of a mile broad, and the whole ifland covered witb

" gravel and fmall ftones, without the leaft verdure or

" vegetation of any kind. They faw only one piece of

*' drift wood (about three fathom long, with a root on it,

" and as thick as the Carcafs's mizen maft) which had

" been thrown up over the high part of the land, and lay

" upon the declivity towards the pond. They faw three

" bears, and a number of wild ducks, geefe, and other

*' fea fowls, with birds nefts all over the iiland. There

*' was an infcription over the grave of a Dutchman, who
" was buried there inJuly 1771. It v/as low v/ater at eleven

*' o'clock when the boat landed, and the ride appeared to

*' flow eight or nine feet j at that time v/e found a current

2 " carrying;

5S
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54 "^

jul\'. " carrying the Ship to the N W from the inland, which
'^"^ " before carried us to the S E (at the rate of a mile an

" hour) towards it. On the Weft iide is a fine white

" fandy bottom, from two fathoms, at a {hip'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, feem to partake of the nature of the coaft.

To the Weftward the rocks were high, and the fliores

bold and fteep to ; here the land flielved more, and the

foundings were fhoal, from thirty to ten fathom. It ap-

pears extraordinary that none of the old navigators, who

are fo accurate and minute in their defcriptions of the

coaft, have taken any notice of this ifland, fo remarkable

and different from every thing they hadfeen on the Weftern

coaft ; unlefs we fliould fuppofe that it did not then exift,

and that the ftreams from the great ocean up the Weft

iide of Spitft>ergen, and through the Waygat's Straits,

meeting here, have raifed this bank, and occafioned the

quantity of ice that generally blocks up the coaft here-

abouts.—At four in the afternoon, hoifted out the boat,

and tried the current, which fet N E b E, at the rate of

three quarters of a mile an hour. At midnight, Moffen

Ifland bore from S E b S to 8 b W, diftant about five

miles,

26th. About two in the morning, we had little

svind, with fog; made the fignals to the Carcafs for

keeping
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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, 12° 47' W. At nine we

faw land to the Eaftward ; fleering to the Northward

with little wind, and no ice in fight, except what we

had pafTed.

27th. Working ftill to the NE, we met with fome

loofe ice ; however from the opennefs of the fea hitherto,

fince we had pafiied 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.

Having tacked, I brought to, and founded clofe to

the edge of the ice, in 79 fathom, muddy bottom.

The wind being fhlll Eafterly, I worked up clofe to

the edge of the ice, coalling it all the way. At fix in

the evening we. were in longitude 14° 59' 30" E, by ob-

fervatiom

28th. At midnight the latitude obferved was 80° 37'.

The main body of the ice ftill lying in the fame diredliony

we continued working to the Eaftward, and found feveral

openings to the Northward, of tv;o or three miles deep;

into every one of which we ran, forcing the fhip,

wherever we could, by a prefs of fail, amongft the loofe ice

4 which
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July. which we found here in much larger pieces than to the

"'""''"

Weftvvard, At fix in the morning the variation, by the

mean of fix azimuths, was ii° 56' W; the horizon re-

markably clear. At noon, being clofe to the main body

of the ice, the latitude by obfervation was 80° 36' : we

founded in ici fathom, muddy ground. In the after-

noon the wind blew frefli at N E, with a thick fog ; the

ice hung much about the rigging. The loofe ice being

thick and clofe, we found ourfelves fo much engaged in

it, as to be obliged to run back a confiderable diltance to

the Weflward and Southward, before we could extricate

ourfelves : we afterwards had both the fea and the weather

clear, and worked up to the North Eaftward. At half

paft five the longitude of the (hip was 15° 16' 45" E. At

feven the Eafternmofl land bore E i N diflant about

feven or eight leagues, appearing like deep bays and

illands, probably thofe called in the Dutch charts the

Seven IJlands ', they feemed to be furrounded with ice.

I Itood to the Southward, in hopes of getting to the South-

eaftward round the ice, and between it and the land, where

the water appeared more open,

29th. At midnight the latitude by obfervation was

80° 21'. At four, tacked clofe to the ice, hauled up the

forefail and backed the mizen topfail, having too much

way amongft the loofe ice. At noon, latitude obferved

80° 24' 56''^ An opening, which we fuppofed to be

the
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the entrance of Waygat's Straits, bore South ; the July

Northernmon: land NEbE; the ncarefl fliore diftant

about four miles. In the afternoon the officer from the

deck came down to tell me, we were very near a fmall

rock even with the water's edge ; on going up, I faw it

within little more than a Oiip's length on the lee bov/,

and put the helm down : before the fhip 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 illands 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

V/aygat's Straits, not higher, but much larger than Moffen

Ifland, we had an heavy fwell from the Southward, with

little wind, and from ten to twenty fathom : having got

paft this ifland, approaching to the high land to the

Eaftward, we deepened our water very fuddenly to 1 1

7

fathom. Having little wind, and the weather very

clear, two of the officers went with a boat in purfuit

of fome fea-horfes, and afterwards to the low ifland. At

midnight we found by obfervation the latitude 80° 27' 3",

and the dip 82° 2' 2. At four in the morning I found, by

Bouguer's log, that the current fet two fathom to the Eaft*

ward. 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

I men,
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men, and were with difficulty prevented from ftavlng

or overfetting her; but a boat from the Carcafs

joining ours, they difperfed. One of that (hip'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

iiland.

*' We found feveral large fir trees lying on the fhore,

" fixteen or eighteen feet above the level of the fea : fome

" of thefe trees were feventy feet long, and had been torn

" up by the roots ; others cut down by the axe, and

" notched for twelve-feet lengths : this timber was no

" ways decayed, or the ftrokes of the hatchet in the leaft

" effaced. There were likewife fome pipe-ftaves, and wood
" fafhioned for ufe. The beach was formed of old timber,

" fand, and whale-bones.

" The ifland is about feven miles long, flat, and

** formed chiefly of ftones from eighteen to thirty inches

*' over, many of them hexagons, and commodioufly

" placed for walking on : the middle of the ifland 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 fomewhat larger than a weafel,

" with fliort ears, long tail, and fkin fpotted white and

" black. The ifland abounds with fmall fnipes, flmilar

*^ to the jack-fnipe in England. The Ducks were now

3
*' hatching
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" hatching their eggs, and many wild geefe feeding 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, but alfo much water

between the pieces ; which gave me hopes that when a

breeze fprung up, I fhould be able to get to the North-

ward by that way.

30th. Little winds, and calm all day; we got fome-

thing to the Northward and Eaftward. At noon we were

by obfervation in latitude 80° 31'. At three in the after-

noon we were in longitude 1 8° 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 fhip which might give us a

profpe£t of getting farther ; with directions if he could reach

the fhoreto go up one ofthe 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 com-

manded a profpeft extending to the Eaft and North Eaft

I 2 ten
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ten or twelve leagues, over one continued plain of fmooth

unbroken ice, bounded only by the horizon : they alfo

faw land iiretching 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 perceived to join to

thefe iflands, and from them to what is called the North

Eaft land. In returning, the ice having clofed much

fince they went, they were frequently forced to haul the

boat over it to other openings. The weather exceedingly

fine and mild, and unufually clear. The fcene was beau-

tiful and pi^lurefque j the two (hips becalmed in a large

bay, with three apparent openings between the iflands

which formed it, but every-where furrounded with ice

as far as we could fee, with fome ftreams of water; not

a breath of air ; the water perfedlly fmooth ; the ice

covered with fnow, low, and even, except a f^w 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 morning, having a light breeze

to the Eaftward, we eaft off, and endeavoured to force

through the ice. At noon the ice was fo clofe, that being

unable to proceed, we moored again to a field. In the

afternoon we filled our cafk with frefti water from the ice,.

which we found very pure and foft. The Carcafs moved,

and made faft to the fame field with us. The ice meafured

eight yards ten inches in thicknefs at one end, and fevea

yards
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yards eleven inches at the other. At four in the after-

noon the variation was 12° 24' W : at the fame time the

longitude 19° o' 15" E ; by which we found that we had

hardly moved to the Eaflward fince the day before.

Calm moft part of the day ; the weather very fine; the ice

clofed faft, and was all round the (hips ; no opening to

be feen any where, except an hole of about a mile and a

half, where the fhips lay faft to the ice with ice-anchors.

We completed the water. The fhip's company were

playing on the ice all day. The pilots being much farther

than they had ever been, and the feafon advancing, feemed

alarmed at being befet.

Auguft 1 ft. The ice prefled in faft ; there was not Auguft.

now the fmalleft opening; the two ftiips were within lefs

than two lengths ot each other, feparated by ice, and

neither having room to turn. The ice, which had been

all flat the day before, and almoft level with the water's

edge, was now in many places forced higher than the

main yard, by the pieces fqueezing together. Our lati-

tude 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 (hips rather

loofer than the day before, but yet hourly fetting in fo

faft upon us, that there feemed to be no probability of

getting the fhips out again, without a ftrong Eaft, or

North
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A\iguft. North Eaft wind. There was not the fmallefl: appearance

of open water, except a httle towards the Well 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.

3d. The weather very fine, clear, and calm ; we per-

ceived that the fhips had been driven far to the Eafl-

ward ; the ice was much clofer than before, and the

paffage by which we had come in from the Weftward

clofed up, no open water being in fight, either in that

or any other quarter. The pilots having exprefi^ed a wiili

to get if pofilble farther out, the (hips companies were

fet to work at five in the morning, to cut a paflage through

the ice, and warp through the fmall openings to the

Weftward. We found the ice very deep, having fawed

fometimes through pieces twelve feet thick. This labour

was continued the whole day, but without any fuccefs

;

our utmoft efforts not having moved the fhips above three

hundred yards to the Weftward through the ice, at the

fame time that they had been driven (together with the

ice itfelf, to which they were faft) far to the N E and

Eaftward, by the current ; which had alfo forced the loofe

ice from the Weftward, between the iflands, where it

became packed, and as firm as the main body.

4th..
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4th. Quite calm till evening, when we were flattered

with a light air to the Eaftward, which did not laft long,

and had no favourable effed. The wind was now at

N Wj with a very thick fog, the fhip driving to the

Eaftward. The pilots feemed to apprehend that the ice

extended very far to the Southward and Weftward.

5th. The probability of getting the fhips out appearing

every hour lefs, and the feafon being already far advanced,

fome fpeedy refolution became necellary as to the fteps to

be taken for the prefervation of the people. As the fitua-

tion of the fhips prevented us from feeing the ftate of the

ice to the AVeftward, 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 diftinguiflied

in the charts by the name of Walden's Ifland, to fee where

the open water lay.

6th. Mr. Walden and the pilots, who were fent the

day before to examine the ftate of the ice from the ifland,

returned this morning with an account, that the ice,

though clofe ail about us, was open to the Weftward^

round the point by which we came in. They alfo told

me, that when upon the ifland they had the wind very

frefli to the Eaftward, though where the fliips lay it had been

almoft calm all day. This circumftanceconiiderably leflened

the



-.<:^Simki^!?^^y^!sfS^am!!r?!^B^lOtt^.

, "tr^af' -̂""TT- ~^^ii

!''J^(L,-w. -^ _iu^.....«!gKte-#swr!*;'?wjTOs^k. jl^/M^W.-t^tte,. _ ^„rfJ<^rfl?>ir,A«-i*T!^'3,_ ^.^^JSkxiL-....

—

w¥<S9ftew.«.

I'ljSTT'y i.niii- A I \ /> ri>iiii,l Ihc .S7;r/;.\ I S /.A\ J) .S /Si >' i.iki-n Aunull llu- (i: al lo I'M.



JOURNAL.
4th. Quite calm till evening, when we were flattered

with a light air to the Eaftward, which did not laft long,

and had no favourable effedl. The wind was now at

N W, with a very thick fog, the fhip driving to the

Eaftward. The pilots feemed to apprehend that the ice

extended very far to the Southward and Weftward.

5th. The probability of getting the fhips out appearing

every hour lefs, and the feafon being already far advanced,

fome fpeedy refolution became neceilary as to the fteps to

be taken for the prefervation of the people. As the fltua-

tion 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 ifland,.

returned this morning with an account, that the ice,

though clofe all about us, was open to the Weftward,

round the point by which we came in. They alfo told

me, that when upon the ifland they had the wind very

frefli to the Eaftward, though where the fliips lay it had been

almoft calm all day. This circumftanceconiiderably leflened

tlifi



6^ J O U R N A L.

Auguft. the hopes we had hitherto entertained of the immediate
'

effect of an Eaflerly wind in clearing the bay. We had but

one alternative ; either patiently to wait the event of the

weather upon the fhips, in hopes of getting them out,

or to betake ourfelves to the boats. The iliips had driven

into (hoal water, having but fourteen fathom. Should

they, or the ice to which they were faft, take the ground,

they muft be inevitably loft, and probably overfet. The

hopes of getting the fliips out was not haftily to be re-

linquiihed, nor obftinately adhered to, till all other

means of retreat were cut off. Having no harbour to

lodge them in, it would be impoffibie to winter them

here, with any probability of their being again fervice-

able ; our provifions would be very fhort for fuch an un-

dertaking, were it otherwife feafible ; and fuppofing, what

appeared impoffibie, that we could get to the neareft rocks,

and make fome conveniences for wintering, being now in

an unfrequented part, where fliips never even attempt to

come, we lliould have the fame difficulties to encounter the

next year, without the fame refources; the remains of the

fhip's company, in all probability, not in health ; no

provifions ; and the fea not fo open, this year having cer-

tainly been uncommonly clear. Indeed it could not

have been expected that more than a very fmall part fhould

furvive the hardffiips of fuch a winter with every

advantage ; much lefs in our prefent fituation. On the

other hand, the undertaking to move fo large a body for

fo



JOURNAL.
fo condderable a diftance by boats, was not without

very ferious difficulties. Should we remain much longer

here, the bad weather muft be expeded to fet in.

The ftay of the Dutchmen to the Northward is very

doubtful : if the Northern harbours keep clear, they

flay till the beginning of September; but when the loofe

ice fets in, they quit them immediately. I thought

it proper to fend for the officers of both fhips, and

informed them of my intention of preparing the boats

for going away. I immediately hoifted out the boats,

and took every precaution in my power to make them

fecure and comfortable : the fitting would neceflarily take

up fome days. The water fhoaling, and the fhips driving

faft towards the rocks to the N E, I ordered canvafs

bread-bags to be made, in cafe it (hould be neceffaiy very

fuddenly 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 (hips, or the ice to which they were faft, took the

ground ; as in that cafe, they mufl: inftantly have been

crufhed or overfet. The weather bad; moft part of the

day foggy, and rather cold.

7th. In the morning I fet out with the Launch over

the ice ; fhe hauled much eafier than I could have ex-

pedled ; we got her about two miles. I then returned

with the people for their dinner. Finding the ice rather

K more
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more open near the fhips, I was encouraged to attempt

moving them. The wind being Eaflerly, though but

little of it, w« fet the fails, and got the fhips about

a mile to the Weftward. They moved indeed, but

very flowly, and were not now by a great deal fo

far to the Weftward as where they were befet.

However, I kept all the fall upon them, to force through

whenever the ice flacked the leaft. The people behaved

very well in hauling the boat ; they feemed reconciled to

the idea of quitting the fhips, and to have the fulleft con-

fidence in their officers. The boats could not with the

greateft diligence be got to the water fide before the four-

teenth ; if the fituation of the fiiips did not alter by that

time, I fliould not be juftified in flaying longer by them.

In the mean time I refolved to cany on both attempts

together, moving the boats conftantly, but without omit-

ting any opportunity of getting the (hips through.

8 th. At half pafl: four, fent two pilots with three men

to fee the ftate of the ice to the Weftward, that T might

judge of the probability of getting the fhips out. At nine

they returned,, and reported the ice to be very heavy and

clofe, confifting chiefly of large fields. Between nine and

ten this morning, 1 fet out with the people, and got the

Launch above three miles. The weather being foggy, and

the people having worked hard, I thought it befl to re-

turn on board between fix and feven. The fliips had

in the mean time moved fomething through the ice, and

the
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the ice itfelf had drifted ftill more to the Weftward. At

night there was little wind, and a thick fog, fo that I

could not judge precifely of the advantage we had gained

;

but I ftill feared that, however flattering, it was not fuch

as to juftify my giving up the idea of moving the boats,

the feafon advancing fo faft, the prefervation of the fliips

being fo uncertain, and the fituation of the people fo

critical.

9th. A thick fog in the morning : we moved the fhip

a little through fome very fmall openings. In the after-

noon, upon its clearing up, we were agreeably fur-

prized to find the {hips had driven much more than we

could have expefted to the Weftward. We worked hard

all day, and got them fomething more to the Weftward

through the ice ; but nothing in comparifon to what the

ice itfelf had drifted. We got paft the Launches ; I fent

a number of men for them, and got them on board.

Between three and four in the morning the wind was

Wefterly, and it fnowed faft. The people having been

much fatigued, we were obliged to defift from working

for a few hours. The progrefs 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

fuddenly loft, as it had been unexpededly 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 j but having now got through fo much of the

K 2 ice.
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Auauft. ic^; ^^ began again to conceive hopes that a brifk gale

'

—

" ' from that quarter would foon effedlually clear us.

loth. The wind fpringing up to the NNEin the

morning, we fet all the fail we could upon the fhip, and

forced her through a great deal of very heavy ice : fhe

ftruck often very hard, and with one flroke broke the

fhank of the beft bower anchor. About noon we had got

her through all the ice, and out to fea. I flood 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 Eafterly, we were flanding to the Weftward, be-

tween the land and the ice, both in fight j the weather hazey.

nth. Came to an anchor in the harbour of Smeerenberg,

to refrefh the people after their fatigues. We found

here four of the Dutch {hips, which we had left in the

Norways when we failed from Vogel Sang, and upon

which I had depended for carrying the people home in

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 (heltered from all winds.

The ifland clofe to which we lay is called Amflerdam

Ifland, the Wefternmofl point of which is Hacluyt's

Head Land : here the Dutch ufed formerly to boil their

whale-oil, ^nd the remains of fome conveniencies erefted

by them for that purpofe are ftill vifible. Once they

attempted to make an eftablifhment, and left fome people

4 to
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to winter here, who all perifhed. The Dutch fhips ftill Auguft.

refort to this place for the latter feafon of the whale

fifhery.

1 2th. Got the inftruments on fhore, and the tent

pitched ; but could not make any obfervations this day or

the next, from the badnefs of the weather.

1 3th. Rain, and blowing hard : two of the Dutch fhips

failed for Holland.

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

1 8th. Completed the obfervations. Calm all day.

During our ftay, I again fet up the pendulum, but was

not fo fortunate as before, never having been able to get

an obfervation of a revolution of the fun, or even equal

altitudes for the time. We had an opportunity of deter-

mining the refradion at midnight, which anfwered within

a few feconds to the calculation in Dr. Bradley's table, al-

lowing for the barometer and thermometer. Being within

fight of Cloven Cliff, I took a furvey of this part of Fair

Haven, to conned 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 geome-

trically with great care. By repeated obfervations here we

found the latitude to be 79° 44', which by the furvey

correfponded
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correfponded exactly with the latitude of Cltjven CHff,

determined before; the longitude 9° 50' 45" E j dip 82
°

8' I ; variation 18° 57' W; which agrees alfo with the

obfervation made on fhore in July. The tide flowed here

half pafl one, the fame as in Vogel Sang harbour.

Oppofite to the place where the inflruments flood, 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 per-

pendicular, and of a very lively light green colour. That

reprefented in the engraving, from a fketch taken by Mr.

D'Auvergne upon the fpot, was about three hundred feet

high, with a cafcade of water ifluing out of it. The

black mountains, white fnow, and beautiful colour of the

ice, make a very romantick and uncommon pidure. Large

pieces frequently break ofF from the Icebergs, and fall

with great noife into the water : we obferved one piece

which had floated out into the bay, and grounded in twenty-

four fathom ; it was fifty feet high above the furface of

the water, and of the fame beautiful colour as the Iceberg,

A particular defcription of all the plants and animals

will have a place in the Appendix. I fhall here men-

tion fuch general obfervations as my fhort flay enabled

me to make. The ftone we found was chiefly a kind of

marble, which diflblved eafily in the marine acid. We
perceived no marks of minerals of any kind, nor the leaft

appearance of prefent, or remains of former Volcanoes.

Neither did we meet with infeds, or any fpecies of

reptiles

;
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correfponcled exa£lly with the latitude of Clftven Cliff,

determined before; the longitude 9° 50' 45" E ; dip 82
°

8' I ; variation 18° 57' W; which agrees alfo with the

obfervation made on fhore in July. The tide flowed here

half pafl one, the fame as in Vogel Sang harbour.

Oppofite to the place where the inftruments flood, 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 per-

pendicular, and of a very lively light green colour. That

reprefented in the engraving, from a fketch taken by Mr.

D'Auvergne upon the fpot, was about three hundred feet

high, with a cafcade of water iffuing out of it. The

black mountains, white fnow, and beautiful colour of the

ice, make a very romantick and uncommon pidlure. Large

pieces frequently break off from the Icebergs, and fall

with great noife into the water : we obferved one piece

which had floated outinto 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 animals

will have a place in the Appendix. I fhall here men-

tion fuch general obfervations as my fhort ftay enabled

me to make. The flone we found was chiefly a kind of

marble, which diffolved eafily in the marine acid. We
perceived no marks of minerals of any kind, nor the leaft

appearance of prefent, or remains of former Volcanoes.

Neither did we meet with infeds, or any fpecies of

reptiles

;
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reptiles ; not even the common earthworm. We faw no Augufi

iprings or rivers, the water, which we found in great

plenty, being all produced by the melting of the fnow

from the mountains. During the whole time we were in

thefe latitudes, there was no thunder or lightning. I muft

alfo add, that I never found what is mentioned by Marten

(who is generally accurate in his obfervations, and faithful

in his accounts) of the fun at midnight refembling in ap-

pearance the moon ; I faw no difference in clear weather

between the fun at midnight and any other time, but what

arofe from a different degree of altitude ; the brightnefs of

the light appearing there, as well as elfewhere, to depend

upon the obliquity of his rays. The fky was in general

loaded with hard white clouds ; fo that I do not re-

member to have ever feen the fun and the horizon both

free from them even in the cleareft weather. We could

always perceive when we were approaching the ice, long

before we faw it, by a bright appearance near the horizon,

which the pilots called the blinli of the ice. Hudfon re-

marked, that the fea where he met with ice was blue ; but

the green fea was free from it. I was particularly atten-

tive to obferve this difference, but could never difcern it.

The Driftwood in thefe feas has given rife to various

opinions and conjedures, both as to its nature and the

place of its growth. All that which we faw (except the

pipe-ftaves taken notice of by Do6lor Irving on the Low
Ifland) was fir, and not worm-eaten. The place of* its

growth I had no opportunity of afcertaining.

The
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Augufl. The nature of the ice was a principal objedl of at-

tention in this climate. We found always a great fwell

- near the edge of it ; but whenever we got within

the loofe ice, the water was conftantly fmooth. The

loofe fields and flaws, as well as the interior part of the

fixed ice, were flat, and low : with the wind blowing on

the ice, the loofe parts were always, to ufe the phrafe

of the Greenlandmen, packed', the ice at the edges ap-

pearing rough, and piled up ; this roughnefs and height

I imagine to proceed from the fmailer pieces being thrown

xip by the force of the fea on the folid part. During the

time that we were fafl amongft the Seven Iflands, we had

frequent opportunities of obferving the irrefiftible force of

the large bodies of floating ice. We have often feen a

piece of feveral acres fquare lifted up between two much,

larger pieces, and as it were becoming one with them

;

^nd afterwards this piece fo formed afting in the fame

-manner upon a fecond and third ; which would probably

have continued to be the efFe<9, till the whole bay had

been fo filled with ice that the difl'erent pieces could have

had no motion, had not the ftream taken an unexpeded

turn^ and fet the ice out of the bay.

19th. Weighed in the morning with the wind at

'N N E. Before we got out of the bay it fell calm, I ob-

ferved for thefe three or four days, about eleven in the

evening, an appearance of dufk.

20th.
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Augu{l. The nature of the ice was a principal objedl of at-

tention 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 constantly fmooth. The

loofe fields and flaws, as well as the interior part of the

fixed ice, were flat, and low : with the wind blowing on

the ice, the loofe parts were always, to ufe the phrafe

of the Greenlandmen, packed 'y
the ice at the edges ap-

pearing rough, and piled up ; this roughnefs and height

I imagine to proceed from the fmailer pieces being thrown

up by the force of the fea on the folid part. During the

time that we were faft amongft the Seven Iflands, we had

frequent opportunities of obferving the irrefiftible force of

the large bodies of floating ice. We have often feen a

piece of feveral acres fquare lifted up between two much

larger pieces, and as it were becoming one with them;

^nd afterwards this piece fo formed afting in the fame

•manner upon a fecond and third ; which would probably

have continued to be the efi'eQ, till the whole bay had

been fo filled with ice that the difi'erent pieces could have

had no motion, had not the ftream taken an unexpeded

turn, and fet the ice out of the bay.

igth. Weighed in the morning with the wind at

'N N E. Before we got out of the bay it fell calm. I ob-

ferved for thefe three or four days, about eleven in the

evening, an appearance of dufk.

20th.
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20th. At midnight, being exadly in the latitude of

Cloven Cliff, Mr. Harvey took an obfervation for the re-

fradion; which we found to agree with the tables. The
wiud Southerly all day, blowing frefh in the afternoon.

About noon fell in with a ftream of loofe ice, and about

four made the main ice near us. We ftood to the

WNW along it at night, and found it in the fame

fituation as when we faw it before ; the wind frefhened

and the weather grew thick, fo that we loft fight of it,

and could not venture to ftand nearer, the wind being

S S W.

2 I ft. At two in the morning we were clofe in with the

body of the Weft ice, and obliged to tack for it ; blowing

frefh, with a very heavy fea from the Southward. The
wind abated in the afternoon, but the fwell continued,

with a thick fog.

2 2d. The wind fprung up Northerly, with a thick

fog; about noon moderate and clearer; but coming on to

blow frefh again in the evening, with a great fea, and

thick fog, I was forced to haul more to the Eaftward,

left we fliould be embayed, or run upon lee ice.

The feafon was fo very far advanced, and fogs as well

us gales of wind fo much to be expected, that nothing

more could now have been done, had any thing been left

untried. The fumnier appears to have been uncommonly

L favourable
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favourable for our purpofe, and afforded us the fulleft op-

portunity of afcertaining repeatedly the fituation of that

wall of ice, extending for more than twenty degrees

between the latitudes of eighty and eighty-one, without

the fmallefl appearance of any opening.

I fliould here conclude the account of the voyage, had

not fome 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»

Auguft 24th, we faw Jupiter: the light of a flar was

now become almoft as extraordinary a phenomenon, as the

fun at midnisfht when we firft jjot within the Ardic circle.

The weather was very fine for fome part of the voyage

;

September, on the 4th of September, the water being perfedly

fmooth with a dead calm, I repeated with fuccefs the

attempt I had made to get foundings in the main ocean at

great depths, and ftruck ground in fix hundred and eighty-

three fathoms, with circumftances (which will be men-

tioned in the Appendix) that convince me I was not mif-

taken in the depth ;. the bottom was a fine foft blue clay.

From the 7 th of September,, when we were ofi:' Shetland,,

till the 24th, when we made Orfbrdnefs, we had veiy

hard gales of wind with little intermifllon,. which were

conftantly indicated feveral hours before they came on by

the fall of the barometer, and rife of the manometer : this-

5
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proved to me the utility of thofe inffruments at fea. In

one of thefe gales, the hardelt, I think, I ever was in, and

with the greateft fea, we loft three of our boats, and were

obliged to heave two of our guns overboard, and bear

away for fome time, though near a lee fhore, to clear the

fliip of water. I cannot omit this opportunity of re-

peating, that I had the greateft reafon on this, as well

as every other critical occafion, to be fatisficd with the

behaviour both of the officers and feamen. In one of

thefe gales on the 12th of September, Dr. Irving tried the

temperature of the fea in that ftate of agitation, and found

it considerably warmer than that of the atmofphere. This

obfervation is the more interefting, as it agrees with a

paflage in Plutarch's Natural Queftions, not (I believe)

before taken notice of, or confirmed by experiment, in

which he remarks, " that the fea becomes warmer
" by being agitated in waves."

The frequent and very heavy gales at the latter end of

the year, confirmed me in the opinion, that the time of

our failing from England was the propereft that could

have been chofen. Thefe gales are as common in the

Spring as in the Autumn : there is every reafon to fuppofe

therefore, that at an early feafon we fhould have met

with the fame bad weather in going out as we did on our

return. The unavoidable neceffity of carrying a quantity

of additional ftores and provifions, rendered the fliips fo

deep in the water, that in heavy gales the boats, with

many of the ftores, muft probably have been thrown

L 2 overboard J
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overboard ; as we experienced on our way home, thougli

the fhips were then much lightened by the confuraption of

provifions, and expenditure of ftores. Such accidents in

the outfet muft have defeated the voyage. At the time we

failed, added to the fine weather, we had the further ad-

vantage of nearly reaching the latitude of eighty without

feeing ice, which the Greenlandmen generally fall in with

in the latitude of feventy-three or feventy-four. There was

alfo moft probability, if ever navigation fhould be pradi-

cable 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 ftill remaining for the purpofe of exploring the

feas to the Northward and Weftward of Spitfbergen.

APPENDIX.
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overboard ; as we experienced on our way home, thougli

the fhips were then much Hghtened by the confumption of

provifions, and expenditure of flores. Such accidents in

the outfet muft have defeated the voyage. At the time we

lailed, added to the fine weather, we had the further ad-

vantage of nearly reaching the latitude of eighty without

feeing ice, which the Greenlandmen generally fall in with

in the latitude of feventy-three or feventy-four. There was

alfo mofl probability, if ever navigation fhould be pradi-

cable 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 ftill remaining for the purpofe of exploring the

feas to the Northward and Weftward of Spitfbergen,
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^

Eftablifliment of Officers and Men for the Racehorse,

/^NE Commander.

Three Lieutenants

»

One Mafter.

One Boatfwain,

One Gunner.

One Carpenter.

One Purfer.

One Surgeon.

One Surgeon's Mate^

One Cook.

Three Matter's Mates.

Six Midfhipmen.

One Captain's Clerks

Two Quarter Matters.

One Quarter Matter's Mate,.

Two Boatfwain's Mates.

One Coxfwain..

One Matter Sail-maker,

One Sail-maker's Crew,,

One Gunner's Mate.

One Yeoman of the Powder Room.
One Quarter Gunner.

One Armourer.

Two
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Two Carpenter's Mates.

Two Carpenter's Crew.

One Steward.

One Corporal.

Fifty Seamen.

Two Pilots.

In all Ninety- two.

M .D I X.

Comparative Table
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Courfe. Di^ Bearings and Diftances.

M 27° E
S 54 vv

NW
NW

N 15 *E
N by E
N 29 W
lNT 27 E
N 6 E
N 4

4N
N
N

W
w
E
VV

North
N. 2 E
N 41 E
N 68 E
N 58 E
N 21

N 10

N 26

W
W
E

N 37 E
W
w

N 7

N 31

North
N 2 E
N 5Q W

N 47 W
Weft

Hangcliif, S 59° W, 10 or 1 1 miles.

• N, diftance 3 leagues^

diftance 36 leagues.

E, diftance 22 leagues.

E, diftance 35 leagues,

E, diftance 47 leagues.

iftance 41 leagues.

', diftance 103 leagues,

diftance 122 Leagues,

•diftance 10 or 11 miles,

diftance 9 leagues.
', diftance 56 leagues.

% diftance ro2 leagues.

'', diftance 121 leagues.

'', diftance 138 leagues..

', diftance 157 leagues.
I

diftance 2 1 1 leagues,

diftance 243 leagues.

', diftance 265 leagues,

', diftance 289 leagues.

N, diftance 296 leagues,

IV, diftance 314 leagues. ,

', diftance 350 leagues.
;

V, diftance 360 leagues,

E, diftance 9 miles.
\

ftance 1 8 miles.

1
diftance 27 miles,

diftance 1 1 leagues.

25" E, diftance 4 miles,

;3" E, diftance 17 miles.

.83° E, diftance 5 leagues.

• , diftance 5 leagues,

.[. Vogel Sang Point, S 48° W, diftance 7 or 8 miles.

1.7° E, diftance ^^ miles-

»3° 15' E, diftance 84 miles.

•j.8° W, diftance 9 miles.

•J5° W, diftance 6 miles.

TABLE
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Two Carpenter's Mates.

Two Carpenter's Crew.

One Steward.

One Corporal.

Fifty Seamen.

Two Pilots.

In all Ninety- two.

Comparative Table
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Table of Days Works.

).iv of the

Month.
Courfe.

NW
NW

N
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Courfe.

N 58 W
S 10 E
N 32 E
N 57 E

N 23 E
N 70 E

S 58 E

Diftani Bearings and Diilances.

• Sang, S 15° W, diftance 8 le.iguc-s.

65ance 22 leagues.

64 diftance 21 leagues.

40 diftance 10 leaoues.

43 nee 9 leagues,

leagues.

. ^ Cloven Cliff, S 88° W.

. tance 40 miles.

34:ance 23 leagues.

17, diftance 26 leagues.

4°E, diftance 10 miles. The middle of the Opemn?,
3 12° E.

-f &>

ven Iflands, N 3° E. Table IHand, N 14° E.
iven Iflands, N 60" W, diftance 7 miles.
able Ifland, N 45° E, diftance 7 miles.
tance 4 leagues.

reat Table Ifland, N 23° W.
reat Table Ifland, N ig" W '

W.
ible Ifland, N 39° W.
ible Ifland, N 46° W.
Hack Point, N 62° W.

;vea Iflands, N 16° W. Black Point, S 32' E, diftance

S 31° W, difliance 3 miles. The North Ejid of

Table
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Table of Days Works.
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Bearings and Diflances.

Sept.

Auguft 20

21

22

23

24

25
26

27
28

29

30

I

2

3

4
5
6

7
8

9
JO

1

1

;2

13

15

16

17
18

^9

20

21

-J
24-

25

23
28

61

3+ \id, S 34" E, diftance 10 Icarjues.

°3 \id, S 74° E, diftance 70 miles.

H \id, N 74° 27' E, diftance 82 miles.
15 ^id, N 16° 20' E, diflance 188 miles.
12 End, N 9° 34' E, diftance 232 miles.

\d, N 11° 30' E, diftance 278 miles.

^,id, N 14° 30' E, diftance 133 leagues.

\(i, N i5° 18' E, diftance 151 leagues.

\id, N 19° 21' E, diftance 1 62- leagues.

5 Mid, N 16° 24' E, diftance 183 leagues,
41 Eld, N 14° 15' E, diftance 195 leagues.

South
c]^ N ii°44'E, diftance Z25 leagues.

64 ^id, N 12° 16' E, diftancs 227 leagues.
^2 £k1, N 10° ^y' E, diftance 237 leagues.

5 \id, N 10" 14' E, diftaJice 280 leagues,
° Jid, N 12° 51' E, diftance 303 leagues.

17 \d, N io°38'E, diftraice32i leagues.

5 \d, N 10° 12' E,, difuince 351 le.igues.
J 7 jid, N To° 39' E,. diftance 394 leagues.

59 ^\d, N 9" 16' E:^ diftance 403 leagues.

32 ^d, N 8' 43' E,, diftance 413 leagues.

43 ^d, N 6° 25' E,. diftance 435 leagues.

7 \d, N 5° 15' E,. diftance 446 leagues.
J 7 -id, M 6° 3' E,. diftance 459 leaguc'3.

H \d, N 6° 15' E, diftance 477 le.igues.

66 \d, N y° 27' E, diitaiKe 486 leagues.
14 ^d, N 6° 56 E, diftance 507 leagues.
21 \d, N 7° 2' E, diftance ^^^ league-.

59 \d, N 7° 4' E, diftance ^^y leagues.
^ \d, N 7" 6' E, diftance 543 leagues.

37 id, N 7° 5' E, diftance 5^6 leagues.
3*^ M, N 7" E^ diftance 550 leagues.

24 ^d, N 7° E, diftance t^c^ leagues.W by Ed, N 8^ E, diftance 552 leagues.
^ 5'-' -"^diftance 12 leagues.
In bo Ng^ diftance 5 miles.

)rfordneis Lighthoufe N 36"

e (hore, i mile.

30' E. Hofely Church, S 82" W,

OBSERVATIONS
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Table of Days Works.

Day of tilt

Moiitli.

Augufl: 20

Sept.

Courfc.

83 W
14 W
'5 E
12 E

S 25 W
S 23 w
S 2S w
S 61 w
S 5 E
S 41 E.

South

S 64 W
12 E
5 W
8 W

17 W
5 W

17 W
59 E
32 E
43 E
7 \V

17 E
14 W
66 VV

14 E
21 ,\V

-, w
8 W
W
E
E

. N
E
NV

a

s

s

s

s

S -.,

W by
S jo
N 80

59
8

37
36

Diflance.

5°
42

'39

77
48

127

57
44
7°

54
96

7
33
'33
60

63

obf.

40

33
15
1

2

_?3 obf.

tlie W-Mch. By Kcnd^.l.

O 43 45E 3 24 25

40E
54
56

58

'3

5'

46
14
49W
28

iSE

o 3«
o 8

° 54
1 12

2 35
I 9

37
1 40E

1 32

I 55

29
I

7W
1

1

29
16

5

35
49

33

Magnetic

Obfcrvatioiis.

22 14

25 46

47

Bcaiiiifrs atiJ Dirtanccs.

Hakluyt's Head Laiul, S 34° E, diftance 10 loapues.

Hakluyt's Head Land, S 74° E, dKtance 70 miles.

Hakliiyt's Head Land, N 74° 27' E, diftaucc 82 miles.

Hakluyt's Head Land, N 16° 20' E, dillance 188 miles.

Hakluyt's Head Land, N 9° 34' E, di(l.auec 232 miles.

H.diluyt's Head Laud, N 11° 30' E, diftancc 278 miles.

Hakluyt's Head Land, N 14" 30' E, diftaucc i ^3 leagues.

Hakluyt's Head Land, N 15° iS'.E, diftance 151 leagues.

Hakluyt's Head Land, N 19" 21' E, diftance 162 leagues.

Hakluyt's Head Land, N 16° 24' E, diftaucc 183 leagues.

Hakluyt's Head Land, N 14° 15' K, diftaucc 195 leagues.
,

Hakluyt's Head Land, N 11° 44' E, diftance 225 leagues.

Hakluyt's Head Land, N 12° 16' E, diftanco 227 leagues.

Hakluyt's Head Land, N 10' 57' E, diftance 237 IcHgucs.

Hakluyt's Head Land, N 10" 14' E, diftance 280 leagues.

Hokluyt's Head I^and, N 12° 51' E, diftance 303 leagues.

Hakluyt's Head Land, N 10° 38' E, diftance 321 leagues.

Hakluyt's Head Land, N 10° 12' E,. diftuice 351 Ic.igues.

Hakluyt's Head Laud, N 10° 39' E,. diftance 394 leagues.

Hakluyt's Head Land, N 9' 16' E, diftaucc 403 leagues.-

Hakluyt's Head Land, N 8° 43' E,, diftance 41 j leagues.

Hakluyt's Head Laud, N 6° 25' E,. diftance 435 leagues.

Hakluyt's Hcail Land, N 5° 15' E, diftance 446 leagues.

Hakluyt's Head Land, N 6° 3' K,. diftance 459 leagues.

Hakluyt's Head Land, N 6° 15' E, diftance 477 le.igues.

Hakluyt's Head Land, N 7° 27'' E, diftance 486 leagues.

Hakluyt's Head Land, N 6° 56 E, diftance 507 leagues.

Hakluyt's Head Land, N 7° 2' E, diftance 535 league-.

Hakluyt's Head Land, N 7° 4' E, diftance 537 leagues.

Hakluyt's Head Land, N y' 6' E, diftaucc 543 leagues.

Hakluyt's Head Land, N 7° 5' E, diftance 5^6 leagues.

Hakluyt's Head Land, N 7" E, diftance 530 leagues.

Hakluyt's Head Land, N 7° E, diftance 535 leagues.

Hakluyt's Head Land, N 8' E, diftance 552 leagues.

Cat wick, N 62° E, diftance 12 leagues.

Orforduefs, SVV by S, diftance 5 miles.

I
In Holely B.iy, Orfoidnefs Liglitlioufs N36"3o'E. Hofely Cluuch, S 82" W,

[ diftance from the ftiore, i mile.

Observations
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Observations on different Methods of meafurinsf a

Ship's Way.

'T"^ H E degree of accuracy with which the diftance run

by a fhip can be meafured, is a thing of great im-

portance, but unfortunately not eafily to be afcertained,

from the great variety of circumflances which may oc-

cafion errors in the reckoning, and which, though not

depending upon the meafure of the fhip*s way, may in

voyages not nearly upon a meridian be confounded with

thofe that do. The circumftances of the prefent voyage

gave me the faireft opportunity of trying this experiment,

the weather being fine, and the courfe very nearly upon

a meridian ; fo that an error of one point could not make

more than the difference of one mile in fifty in the

diftance. When the difference of latitude is the fame as

the diftance, it gives frequent opportunities of comparing

the reckoning with the obfervation, and whatever error is

found muft be attributed to the imperfedions in the

manner of meafuring the diftance. Moft of the writers on

this fubjed have attributed the errors 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

P confequence
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confequence of which, the log line, from the firftufeof that

inftrument about the year 1570, was invariably marked

forty-two feet to thirty feconds. Norwood, when he

publifhed his Seaman's Prafliice, ftated the true meafure to

be fifty-one feet to thirty feconds ; but, as the fhip would

really run more than is given by the log, and it is right to

have the reckoning ahead of the fhip, he recommended

marking the log line fifty feet to thirty feconds. It does

not appear at what time an alteration either in the marking

the log, or the length of the glafs, took place in confequence

of thefe obfervations : Sir Jonas Moore in his Navigation

which was publifhed in the reign of Charles II. mentions,

that the feamen, having. found the old log not to anfwer,

had fhortened the glafs to twenty-five feconds, which was

equal to a line marked fifty feet with a glafs of thirty

feconds; but he rather recommends reftoring the half

minute glafs, and making the correction on the line.

Since that time the feamen, whether from finding the

allowance of one foot in fifty not a fufficient compenfa-

tion for the accidental errors to which the log is fubjed,

or from a preference of a meafure nearly equal to the

flatute mile, have ufed a line of forty-five feet to thirty

feconds, or a glafs of twenty-eight feconds to forty-two

feet.

All the writers I have met with, who have treated of

the log, except Wilfon, have complained of the feamen

not having adhered to Norwood's meafure. Norwood

himfelfj.
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himfelf, however, feems to have been aware of the

neceffity of fubmitting to the teft of experiment the ad-

vantages of a new meafurement derived from theory. In

the preface to his Seaman s PraSiice he fays, " Becaufe I

" am perfuaded we have at this day as many excellent navi-

*' gators in this kingdom, and as great voyages performed,

** as from any other place in the world, I Ihoiild be glad

** to hear of the experimental refolution of this problem by
** fome of them, though it were but running eight or ten

** degrees near the meridian ; for fo I doubt not but what
** I have here written thereof, would receive further con-

" firmation and better entertainment than happily it will

" now, being fo much different from the common
" opinion."

Had the errors in the diftance arlfen only from a

fault in marking the line, nothing would have been

more eafy than to have removed that difficulty, by

comparing carefully the different meafures with the ob^

fervations, and adhering to that which had been found to

correfpond beft with them. But the diflance meafured by

the log being rendered uncertain by many accidental

circumllances, it becomes difficult, or rather impoffible, to

find any length of line which will Ihew invariably the

diftance rua by the fhip, or even to afcertain with precifion

that meafure which will at all times come neareft the

truth. Some of thefe circumftances are : ,

P 2 I. The
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1. The effefts of currents.

2. The yawing of the fhip going with the wind aft,

or upon the quarter, when fhe is feldom fleered within a

point each way : this I mention as an error in the diftance,

and not in the courfe ; fince, though the fhip by being

yawed equally each way may make the intended courfe

good upon the whole, yet the diftance will be fhortened

as the verfed fine of the angle between the line intended

and that fleered upon.

3. By the fhip being driven on by the fwell, or the log

during the time of heaving being thrown up nearer the

fhip.

4. By the log coming homey or being drawn after the

fhip, by the friftion <3f the reel and the lightnefs of the

log. Norwood mentions thefe two lafl, and fays, " For

" thefe caufes, it is like, there may fometimes be allowed

" three or four fathoms more than is veered out; but this,

" (as a thing mutable and uncertain) being fometimes

" more, fometimes lefs, cannot be brought to any certain

** rule, but fuch allowance may be made as a man in his

" experience and difcretion finds fit."

5. By the log being only a mean taken every hour,

and confequently liable to error from the variations in the

force of the wind during the intervals, for which an arbi-

trary corredlion is made by the officer of the watch ; and

though men of fkill and experience come near the truth,,

yet this allowance muft, from its nature, be inaccu-

late*

Thefe
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Thefe circumftances did not efcape M. Bougifer's at«

tention, and his ingenuity fuggefted to him an improve-

ment of the common log, which would corred the errors

likely to arife from the moft material of thefe circum-

ftances : a defcription of this improvem ent he publifhed at

large in the Memoirs of the Academy of Sciences for the

year 1 747 ; it has fince been abridged in the edition of his

Navigation by De la Caille. It appears extraordinary that

this log fhould never have been made ufe of by others ;

—

the great reputation of the author, as well as the very good

reafons he offers in favour of his improvement, were fuf-

licient inducements to me to try the experiment.

In the log which I made ufe of,

The length of the cone was — 1 2 inches^

The diameter of the bafe — 5x-o

.

The weight of the cone — 25 ounces^

The diagonal length of the diver — 14 inches*

The length of each fide -

—

9|.

The weight of the diver 2 6 I ounces.

The length of line from the diver to the cone, 50 feet f

the log line 5 1 feet to a knot.

Whether M. Bouguer^s log will (as he expelled) correO:

the errors arifing from currents in the common log, I had

no opportunity of difcovering in this voyage.

The fecond error, which no log will correft, cannofi

be attended with any bad elFedl:, as it muft make the

reckoningy,

9rx
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Tcckoning, in whatever degree it takes place, ahead of

the fhip.

By obferving M. Bouguer's rules in comparing it with

the common log, which for that purpofe muft be reck-

oned at fifty-one feet, it will, I think, very fully corred

the third and fourth, which are the moft 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 fridtion of the reel from

having an eifeft in any degree equal to that which it has

on the common log.

The fifth arifes from the imperfedtion it has in common

with the log generally ufed.

At firft, on the paffage out, 1 contented myfelf with

heaving Bouguer's log occafionally, to obferve what pre-

cautions were neceffary to be taken to prevent errors, as

well as to find whether its variations from the common

log were on the fame fide as the meridian obfervation

required. I found that it was neceffary to take care that

the diver fhould be of fuch a weight as to let only the

top of the cone fwim ; but not heavy enough to fink it,

as in that cafe it would be liable to an error in excefs, by

meafuring the depth that the diver would fink in addition

to the fliip's way. It was neceffary to put a weight of

lead to the bottom of the diver, to fink it down to its

pake
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place before the ftray line was out. The h'ne between the

diver and the cone fliould not be more than fifty feet,

that being as great a depth as it will fink to whilft the

flray line is running 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 aftern of the fhip : but as it: appears that the fhip

on the twenty-fixth, with the wind Northerly, and

making barely an Eaft courfe, was found by the ob-

fervation to be twenty miles to the Northward of her

reckoning, that diftance muft be attributed to a current ;;

therefore if that current had not taken place, Bouguer's log

would have been, inftead of eighteen miles aftern, two

miles ahead of the fhip.

On the paffage home it was tried from the latitude of

eighty degrees eleven minutes to fixty-eight degrees eleven

minutes ; in which diftance, though the fhip was much
yawed from the fea being frequently upon the quarter,^

this log was only thirty-one miles ahead of the fhip,

which might be ov/ing entirely to that circumftance with-

out any other caufe.

The ftate of the common log on the paffage out, when

the weather was remarkably fine and water in general

fmooth, was, from the latitude of fixty degrees thirty-

feven minutes to feventy-eight degrees eight minutes, with

7 the:

9^
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tlie line marked fifty-one feet to thirty feconds, one degree

fifty-eight minutes aftern of the fhip, with the line marked

forty-five feet to thirty feconds, four miles ahead of the

fhip. On the pafTage home, the log at fifty-one feet to

thirty feconds, thirty-five miles aftern of the fhip ; at

forty-five to thirty feconds, one degree feven minutes

ahead of the fhip. As far therefore as the experience of

this voyage extends, 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 fhort of the

run; but that Bouguer's is much more accurate than

either.

It is not to be expelled that the obfervations of a fingle

voyage can be fufficient to determine the merit of any in-

flrument, particularly one.of fo much confequence as the

log. I thought it right, however, to give an account of

the trial I made of the different methods, and of fuch

remarks as occurred to me.

In the following table the courfe is put down, in the

firft column, for all the diflances and latitudes ; after the

diftance and latitude, according to each marking of the

log, there is a column for the difference between that la-

titude, and the latitude obferved. I thought it beft to

continue the reckonings without corredlions, as if there

had been no obfervation, in order to fhew the difference

upon the whole run, as well as from one obfervation

to another.

TABLE.
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tiie line marked fifty-one feet to thirty feconds, one degree

fifty-eight minutes aftern of the fhip, with the line marked

forty-five feet to thirty feconds, four miles ahead of the

fhip. On the paflage home, the log at fifty-one feet to

thirty feconds, thirty-five miles aftern of the fhip ; at

forty-five to thirty feconds, one degree feven minutes

ahead of the fliip. As far therefore as the experience of

this voyage extends, 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 fhort of the

run; but that Bouguer's is much more accurate than

either.

It is not to be expected that the obfervations of a fingle

voyage can be fufficient to determine the merit of any in-

ftrument, partictilarly one.of fo much confequence as the

log. I thought it right, however, to give an account of

the trial I made of the different methods, and of fuch

remarks as occurred to me.

In the following table the courfe is put down, in the

firft column, for all the diftances and latitudes ; after the

diftance and latitude, according to each marking of the

log, there is a column for the difference between that la-

titude, and the latitude obferved. I thought it beft to

continue the reckonings without corrections, as if there

had been no obfervation, in order to fhew the difference

upon the whole run, as well as from one obfervation

to another.

TABLE.



APPENDIX.

A B E.

On the Voyage Out.

Day of the

Moiitli.

June 1

6

'7

Aiiguft 20

Com





APPENDIX.
I alio tried two perpetual logs ; one invented by Mr.

Ruffell, the other by Foxon, both conftrufted upon this

principle, that a Spiral, in proceeding its own length in the

diredion of its axis through a relifting medium, makes

one revolution round the axis ; iftherefore the revolutions

of the fpiral are regiftered, the number of times it has gone

its own length through the water will be known. In both

thefe the motion of the fpiral in the water is communicated

to the clock-work within board, by means of a fmall line,

faftened at one end to the fpiral, which tows it after the

fhip, and at the other to a fpindle which fets the clock-

work in motion. That invented by Mr. Ruffell has ^

half fpiral of two threads, made of copper, and a fmall

dial with clock-work, to regifter the number of turns of

the fpiral. Foxon's has a whole fpiral of wood with one

thread, and a larger piece of clock-work, with three dials,

two of them to mark the diftance, and the other divided

into knots and fathoms, to fhew the rate by the half

minute glafs, for the convenience 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 partakes of in a very

fmall degree, only affeding the reckoning by that quan-

tity which the fpiral is thrown towards the fhip ; whereas

in the log the fame circumftance affeds the whole rate

for the hour. The fourth it is entirely free from, as well

as the fifth. It will have the advantage of every other in

R fmooth
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fmooth water and moderate weather, when it is neceiTary

to ftand on one courfe for any particular diftance, efpe-

cially in the night, or a fog, as it meafures exadly the

diftance run. It will alfo be very ufeful in finding the

trim of a fhip when alone ; as well as in furveying a coaft

in a fingle fhip, or in meafuring diftances in a boat be-

tween headlands or fhoals, when a bafe is not ctherwife 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 thefe advantages, 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 advantages at fea, which fhould not lightly be given

>

up for others more fpecious.-

ObSERVAT'IONS,
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Observations on the Ufe of the Megameter in Marine

Surveying.

np^HE greateft difficulty in marine furveying is that

"^ of obtaining an accurate bafe, from the extremities

of which the angles may be taken with precifion, for

afcertaining the bearings and diftance of headlands and

llioals, Vi^hen either want of time or other circumftances

make it impradicable to land and meafure a bafe. The
ufual way is, to eftimate 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 correfting or dif-

covering them. The Megameter, conftruded upon the

principles of the obje6t-glafs micrometer, defcribed by

M. de Charniere and applied by him to find the longi-

tude at fea, I thought might be ufefully applied to

marine furveying. That which I ufed was made by

Ramfden, with fome improvements. The advantages I

imagined might be derived from this inftrument were,.

a more correft and expeditious manner of determining the

poiition of coafts, and the diftance of ftioais or the fhip

from headlands. This inftrument heinp; divided to ten

feconds, an angle may be taken by it with great ac-

curacy to five feconds. The height of a fhip's maft-head

above the water being known, it is eafy to find with this

inftrument, by a fingle obfervation, the diftance between

R 2 two
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two fliips, and confequently to determine a bafe. The
angles being taken with an Hadley's quadrant from each

of the {hips, to the objects whofe fituations are defigned

to be afcertained, the diflance may be found ; and, con-

fequently, their relative fituations. If there is a mega-

meter in each fhip, the altitudes taken from both fliips

at one inflant, and the angles of the different parts

of the coail intended to be furveyed obferved with an

Hadley's quadrant at the fame time, will give the fitua-

tion with more accuracy and expedition than anv method

of furveying from fhips hitherto pradifed ; with the

farther advantage of the certain means of deteding any

error in the obfervation, fo as to judge whether it is of

- fufHcient importance to be attended to. The only pre-

cautions neceffary are ; to make the obfervations at the

fame inftant, to prevent their being aftedled by any altera-

tion in the relative pofition of the fliips, as a very fmall

one there would occafion a confiderable error in the

diftance ; and to be careful in chufing objeds fufficiently

defined and remarkable. This method of furveying has the

farther advantage of giving the fcale of a ccafl: ; Seamen,

though they judge very accurately of their diflance from

places upon coafls well known to them, are very often

miflaken v/hen they fall in with land they have never feen

before j of which we had, at firft, fome inflances in this

voyage, the height of the mountains, before wq knew the

fcale of the coafl, making us always think ourfelves nearer

the land than v/e really were. Where the coait is at all

2 high,
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high, the megameter affords a very accurate and expedi-

tious method of determining the height of all the points,

when their diftances are found : and thence, the heio-hts

being known, of afcertaining immediately by a (ingle oh-

fervation the fituation of the fhip, or the latitude of any

point by the bearings at the time of a meridian obferva-

tion : 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 pradlice.

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 lingle obfervation, is

obvious.

June the fifteenth, the fliip being in latitude 60° 19',,

longitude 0° 39' W, Hangchff bore S 63^ co' W j

variation, 23° W.
The altitude of the Carcafs's mafl:, by the meorameter,

was 35' 48"; height of the mafl-, 102,75 feet ; hence

the oiftance between the Racehorfe and Carcafs was

9861 feet: angle between the Carcafs and Hangcliff,.

85'' 48'; between the Racehorfe and .Flangcliff, 87° 00';,

From whence the difference of latitude was found 10' S;

difference of longitude 17' W. Therefore, the latitude

of Hangcliffis 60° 9'; longitude o^ 56' W.

I-Oil
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"July the fecond, to try how far the megameter coiild' be

depended upon, I obferved the altitude of the Carcafs's

maft 2° 23' 4.8"; the angle betv/een the main-yard

and main-topfail yard, 0° 44.' 26"; hence the dif-

tance between the main-yard and main-topfail yard

came out —

—

3*Ij75o f^et.

By meafurement it was fouad 34,125 feet.

Difference 2,375 feet.

The diftance between the two fhips, deduced from the

altitude of the maft, was — 24^57 feet.

By the angle of the main and main-topfail yard,

,
the diftance between them being 34,125 feet, 2640 feet,

.Difference 183 feet.

Which is not more than the fhips might have changed

their pofition in the time of reading oft' and fetting down

the firft obfervation before taking the fecond.

An error of ten feconds in the obfervation of the angle

fubtended by the maft at this diftance, would make an

error of two feet and three quarters in the diftance. At

the diftance of a nautical mile it would produce an error

of fixteen feet. At other diftances the error decreafes as

the fquares of the diftances decreafe ; and at other heights

it decreafes as the heights decreafe.

Whenever
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Whenever the diftance of the object:, whofe angle is

taken by the megameter, does not exceed that of the

viflble horizon, the very fmall portion of the earth's

furface intercepted between the objed and obferver, may

be confidered as a plane, to which the obje<5t is perpendi-

cular, and the diftance may be concluded by refolving the

right-angled triangle, formed by the upright objed:, and

lines drawn from the obferver's ftation to the top and

bottom of it.

But in greater diftances, the bottom of the obje<5l being

concealed from the fight of the obferver, it becomes ne-

ceflary to have recourfe to a different calculation, '

The only cafes vi^hich 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 objed is to be deduced from the obfervation : both

which are eafily folved by the following pradical rules.

To find the Diftance.

To the apparent altitude of the obje£l above the {en^

fible horizon, add the complement of the dip anfwering

to the height of the obferver's eye above the fea ; the

fum is the angle BAE (fig. i:); and fay: As the femi-

diameter of the earth increafed by the height of the objetl,

is to the femidiameter increafed by the height of the

I eye J.

103
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eye; fo is the line of B A E, to another fine, whicli is that

of the angle B; the difference between 180% and the

fum of the two angles B A E andB, 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 fuch

meafure as may be moft convenient, and you will have the

^iftance in the like meafure.

EXAMPLE.
The height of Snow Peak being 1503 yards, its appa-

rent altitude above the horizon of the fea was obferved

£0 be — — — 1° 47' 6"

The height of the eye being 16 feet,

the complement of the dip is - - - 82° 56' 11"

. The fum is EAB 91° 43' 17"

To the femidiameter of the

earth in yards 6966382 ----- 6966382

Add the height Add the height

of the object 1503 of the eye 5I

Semidiam.+height Semidiam.+height

cftheobjed 6667885 of the eye 6966387!

As



A P P EN D I Xi

As 6967885 Co. Ar. 3,1568990

To 6966387 I 6,8430076

Sols Sine EAB 90° 43' 17" 9,9998040

To fine B 87 54 30 ^9,9997106

179 37 47
Subtraded from 180 o o

J05

022 13 the diftance.

Therefore the dl fiance is 22,22 minutes, or nautical miles.

This multiplied by - 2040 the number of yards in

one minute,

The produdl 45328,8 is the diftance in yards.

To find the Height. .

To the apparent altitude of the objedl above the fen-

fible 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 ; to this add the horizontal diftance of
^

the eye and objeft in degrees and minutes, and fubtradl

the fum from 180°, the remainder is the angle B: then

fay, as the fine of B is to the fine of B A E, fo is the

femidiameter of the earth increafed by the height of the

eye to a fourth number; from which fubtradlng the

femidiameter of the earth, the remainder is the height of

the objed.

S EXAMPLE.
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EXAMPLE.
July the fecond, the apparent altitude

of Snow Peak was obferved to be, at the

diftance of 37507 yards or 18' 30", 2* 12' 20

The height of the eye being 5 I- yards,

the complement of the dip is - - 89 56 11

Hence the angle BAE92 8 31

Horizontal diftance 18 30

' _ ^>r

92 27

SubtraOied from 180

Aiigle B 87 32 59

Semidiameter of the earth 6966382

Height of the eye 5

1

Semidiameter + height of the eye 6966387I

As fine B 87° 32' 59'' Co. Ar. 0,0003972

TofineBAE92 8 31 9,9996965

So is femidiameter + height

of the eye = 6966387 f yards 6,8430076

To 6967888 ^6,8431013

Semidiameter 6966382

Height 1506 in yards.

DEMON-
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DEMONSTRATION.

Let G FC (plate I. fig. i.) reprefent the furface of the

earth, E its center, B C the height of a hill or other objedl

rifing perpendicular from C; A is the place of the obferver's

eye, whofe height above the level of the fea is A G. Draw
A H perpendicular to A E, and A F touching the circle

GFC in F. Then H AF is the dip, EAF its com-

plement, D A B is the apparent altitude of the objed

above the fenfible horizon ; to this add E A D, the 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 B the fum of the femidiameter E C and

C B the height of the objed ; the angle A E B is mea-

fured by G C the horizontal diftance between the ob-

ferver and objed. Now in the firft cafe there are given

in the triangle E A B, the fides E A, E B, and the angle

B A E, to find the angle A E B ; and in the fecond there

are given the angles BA E, A E B and the fide E A, to

find the fide E B and confequently B C. The trigonome-

trical folutions of thefe cafes are the above pradical rules.

107
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Observations on the Variation.

^
I

^ H E Variation of the compafs, always an intereiiing,

. •jbjeQ: to navigators and philofophers, became pecu-

liarly fo in this voyage from the near approach to the

Pole. Many of the theories that had been propofed oh

this fubje8:, were to be brought to the teft of obferva-

tions made in high latitudes, by which alone their

fallacy or utility could be difcovered. They of courfe

engaged much of my attention, and gave me the fullefl

opportunity of experiencing, with regret, the many im-

perfedions of what is called the Azimuth compafs. This

inftrument, though fufficiently accurate to enable us ta

obferve the variations fo as to fteer the fhip without any"

material error, with the precaution of always ufing the

fame compafs by which they are taken, is far from being

of fuch a conftrufiion as to give the variation with that

degree of precifion, which fhould attend experiments on

which a theory is to be founded, or by which it is to be

tried. The obfervations taken in this voyage will fully

evince this, by their great variations from one another in

very fhort intervals of time ; nor is this difagreement of

fucceffive obfervations 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 Englifh coaft.

As to the obfervations themfelves, they were taken

' with the greateft care, and the moft fcrupulous attention

to
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to remove every circumftance which might befuppofed to-

<:reate an accidental error ; the obfervations being taken

fometimes by different people with the fame compafs, in

the fame and different places; fometimes with different

compaffes, changing the places and the obfervers re-

peatedly, to try whether there was any error to be im-

puted to local attradion, or the different mode of obfer-

vation by different perfons. I have fince my return tried

the compaffes by a meridian as well as by taking azimuths^

and find them to agree with one another, though the fame-

compafs fometimes differs from itfelf a degree in fucceflive

obfervations.

That every perfon may (as far as is poffible without

having been prefent at the time) be enabled to judge o€

the degree of accuracy to be expected in fuch obfervations^

as well as the degree of attention paid to thofe made by

us, I have fet down every circumftance that I thought

materia], 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 blowings

frefh, it was only comparatively with refpecl to the reil

of the voyage, no obfervation having been made in any

weather which might not generally fpeaking be called

fine.

Having faid fo much of the inaccuracy of the inftru-

ment, I muft add, that I think fome general and rather

curious itiferences may fafely be drawn from thefe

S 3 obfervations^
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obfervations. One is, that the variation near the latitude of

eighty, if it alters at all with time, does not alter in any

degree as it does in thefe latitudes : the variation having

been found by Poole in 1610 to be 22° 30' W in lati-

tude 78° 37'; 18° 1 6'W in Crofs Road in latitude 79° 15'

N; and 17° 00' within the foreland in latitude 78° 24'.

By Baffin in 161 3, in Home Sound, latitude 76"" 55", the

variation from the meridian was 12° 14' W; but bv

his compafs 17° : his compafs " was touched 5 1 Eafterly,"

that being the variation in London at that time ; in

Green Harbour, latitude 77° 40', he obferved the varia-

tion 13° 11' W. Fotherby in 16 14, made the variation

in Magdalena 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 compafles, like

Baffin's, were fitted to the variation at that time in London.

If Fotherby 's were taken with a compafs in which a cor-

rection was made for the variation at London, his obfer-

vation agrees exaftly with thofe made by me in Vogel

Sang and Smeerenberg ; and thofe of Poole and Baffin

differ fo little from mine, that the difference need not be

regarded. But the variation in London now differs from

what it was at that time above twenty-fix degrees.

The other inference is, that in going to the Eaft-

ward in the latitude of eighty, the Wefferly varia-

tion decreafes very confiderably from a difference in the

longitude.

5 Table



II

I



no APPENDIX.
obfervatlons. One is, that the variation near the latitude of

eighty, if it alters at all with time, does not alter in any

degree as it does in thefe latitudes : the variation having

been found by Poole in 1610 to be 22° 30' W in lati-

tude 78° 37'; 18° 16'W in Crofs Road in latitude 79° 15'

N; and 17° 00' within the foreland in latitude 78° 24'.

By Baffin in 161 3, in Home Sound, latitude 76" 55", the

variation from the meridian was 12° 14' W; but by

his compafs 17°: his compafs " was touched 5! Eafterly,"

that being the variation in London at that time : in

Green Harbour, latitude 77° 40', he obferved the varia-

tion 13° 11' W. Fotherby in 1614, made the variation

in Magdalena 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 compafTes, like

Baffin's, were fitted to the variation at that time in London.

If Fotherby's were taken with a compafs in which a cor-

redion was made for the variation at London, his obfer-

vation agrees exaftly with thofe made by me in Vogel

Sang and Smeerenberg ; and thofe of Poole and Baffin

differ fo little from mine, that the difference need not be

regarded. But the variation in London now differs from

what it was at that time above twenty-fix degrees.

The other inference is, that in going to the Eafl;-

ward in the latitude of eighty, the Wefterly varia-

tion decreafes very confiderably from a difference in the

longitude,

5 Table
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Table of the Obfervations of the Variation.
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Day
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Remarks.
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*' Aelh Breezes, not much Sea.
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at;owing frefh, a good deal of Sea.

owing frefli, with fbme Sea;

2 hut not enough, in my opinion,
^t 3to have occafioned ib great a

difference.
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Table of the Obfervations of the Variation.
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Remarks.

Light winds, the water fmooth.

Light winds, the water fmooth.

Light winds, the water fmooth.

Light airs, the water fmooth.
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Table of the Obfervations of the Variation.
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j

Kemarks.
ins.

Light Breezes, and the Water
linooth.

The Weather very fine, and the

Water quite (till.

Calm, and the Water very fmooth.

Light Breezes, not much f'.velJ.

Light Breezes, and the Water
very fmooth.

Frefli Breezes, and lome Sea.
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Account of the Observations made with the Marine

Dipping Needle, conftru6ted for the Board of Lono-i-

tude by Mr. Nairne, from whom I received the following

defcription of the iiiftrument.

119

" nr^HE figure (plate 9.) is a reprelentatron of the

inllrument, hanging by an univerfal joint on a

*' triangular ftand. It is adjufted fo as to hang in a plane

" perpendicular to the horizon, by means of a plumb line,

" which is to be fufpended on a pin above the divided

" circle, and the dovetail work, which alters the pofition

** of the inftrument, by turning the button A. The two
** 90° on the divided circle, are adjufted fo as to be per-

*' pendicular to the horizon, by the fame plumb line and
*' the adjufting fcrew B : and at the loweft 90°, when
*' it is adjufted, the pointer C is fixed. The length of the

" magnetic needle is twelve inches, and its axis (the ends

*' of which were of gold alloyed v/ith copper) refted on
" fridion wheels of four inches diameter, each end on two
" fridtion wheels ; which wheels were balanced with great

" care. The ends of the axss of the friffion wheels were

*' likewife of gold alloyed with copper, and moved in fmalf

" holes made in bell metal; and oppofite the ends of the

*' axes of the needle and the fridion wheeh, were flat

" agates finely polifhed. The magnetic needle vibrated'

S 8 " within.
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Account of the Observations made with the Marine

Dipping Needle, confi:ruQ:ed for the Board of Longi-

tude by Mr. Nairne, from whom I received the following

defcription of the inftrument.

" ^ I ^HE figure (plate 9.) is a reprefentatron of the

inllrument, hanging by an univerfal joint on a

*' triangular ftand. It is adjufted fo as to hang in a plane

" perpendicular to the horizon, by means of a plumb line,

" which is to be fufpended on a pin above the divided

" circle, and the dovetail work, which alters the pofition

*' of the inftrument, by turning the button A. The two
" 90° on the divided circle, are adjufted fo as to be per-

*' pendicular to the horizon, by the fame plumb line and
*' the adjufting fcrew B : and at the loweft 90°, when
** it is adjufted, the pointer C is fixed. The length of the

" magnetic needle is twelve inches, and its axis (the ends

*' of which were of gold alloyed v/ith copper) refled on
** fridion wheels of four inches diameter, each end on two
" fridion wheels ; which wheels were balanced with great

" care. The ends of the axes of the frifrion wheels were

*' likewife of gold alloyed wirh copper, and moved in fmalf

" holes made in bell metal; and oppofite the ends of the

^^ axes of the needle and the fridion wheeh, were fiat

" agates finely poHfiied. The magnetic needle vibrated

S 8 « within.
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<^ within a circle of bell metal, divided from tlie lower 90*

" each way, as far as fixty-five degrees, into degrees and

*' half-degrees: the other divifions were two degrees and a

*' half; the needle being very nearly balanced before it was

" made magnetical : but by means of the crofs D, fixed

** on the axis of the needle (on the arms of which were cut

" very fine fcrews, to receive the fmall buttons d d, that

" might be fcrewed nearer or farther from the axis) the

^* needle could be adjufted 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

" fea could feldom remain at refr ; to remedy in a great

*' meafure this inconvenience, the divided circle is made

" moveable by turning the button E; fo that when it is

" ufed at fea, the divided circle is moved till fome prin-

^^ cipal divifion is the mean of the vibrations : then that

*' number of degrees and half-degrees diftant from the

" pointer, fubtraded from ninety, gives the dip, if the

" needle is properly balanced : but left it fhould be fome-

" what out of balance, the moft certain way is, firft, to

*' take the dip with the face of the divided circle to the Eaft,

*' and afterwards 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 fronting the Eaft and

" Weft : and the mean of thofe four dips will be the moft

" accurate. In each cafe, when the dip is taken, the in-

" ftrument muft be fo placed that the needle vibrates in

*' the magnetic meridian." •

o The
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The obfervations on the dip of the needle, during this

voyage, were made with great care : firll the dip was ob-

ferved with the divided arch to the Eaft, the inftrument

being placed as near as poffible in the magnetic meridian

;

it was then turned, and the obfervation made with

the divided arch to the Weft : the poles being changed,

the obfervation was repeated in the fame manner. The

adual obfervations are expreffed in the fecond, third,

fourth, and fifth columns ; and the mean refult in the

fixth. It appears by thefe obfervations that the dip in-

creafes in going North.

There is no reafon at prefent to fuppofe that the dip is

liable to any variation in the fame place at different periods

of time, it having been obferved in London by Norman,

who firft difcovered it in 1592, to be 71° 50'; and by-

Mr. Nairne, in 1772, about 72°. The difference

between thefe obfervations, taken at fuch diftant

periods, is fmaller than that found between federal of

Mr. Nairne's obfervations compared with each other;

and therefore we have no reafon to conclude that the dip

has altered fince Norman's time : the care with which his

inftrument was conftru6led, and his obfervations made,

leaves no room to doubt of their accuracy.

TABLE
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Account ofthe Instruments made ufe of for keeping the

Meteorological Journal.

/nr^HE Marine Barometer was made by Mr. Nairne,

-*" from whom I received the following defcription:

" The bore of the upper part of the glafs tube of this ba-

*' rometer, is about three-tenths of an inch 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 mercury, and in-

" verted into a ciftern of the fame, the mercury falls down
** in the tube till it is counterbalanced by the atmolphere.

" In a common barometer, the motion ofthe mercury up
" and down in the tube is fo great at fea, that it is not

** poflible to meafure its perpendicular height; confequently,

** cannot fliew any alteration in the weight of the atmo-

" fphere : but in this marine barometer, thatdefeftis reme-

" died. The inftrument is fixed in gimmals, and kept in a

" perpendicular position by a weight faftened to the bottom

«ofit.

T 2 " The
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** The perpendicular rifing or falling of the mercury is

*' meafured by divifions, on a plate divided into inches and

" tenths, and by a Vernier divifion into hundredths of an

** inch, which is fixed to the fide of the tube."

The 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 affedled

by the impreffions of the moitture of the air, is a hollov/

cylinder of ivory, two inches eight lines long, and inter-

nally two lines and a half in diameter. It is open only

at one end ; and the thicknefs of its fides, far the length

of two inches fix lines from the bottom, is but three-

fixteenths of a line. It is this thin part which does the

office of an hygrometer; the remaining part of the

cylinder, towards its orifice, muft be kept a little thicker,

being deftined for joining it to a tube of glafs, thirteen or

fourteen inches long. This jundion is effected by means

of a piece of brafs, and the whole k cemented together

with gum lac.

M. De Luc's reafon for chufing ivory as the hygro-

meter, is, that this matter appeared to him more proper

than any other for receiving the impreffions of the moifture

of the air, without fuffering thereby any eflential change.

Q The
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The cylinder made of it becomes more capacious, in pro-

portion as it grows moifter. This is the fundamental prin-

ciple of the inllrument; M. De Luc has fince found,

that upon letting this cylinder lie fome time in water of

an uniform temperature, it fwells to a certain point, after

which it dilates no further. This circumftance furnifhed

him with a jnaximum of humidity ; and, confequently, with

one point of comparifon in the fcale of the hygrometer
j

and this point he has fixed at the temperature of melting

ice. For meafuring the differences in the capacity of

this ivory cylinder, and thereby difcovering its different

degrees of moiflure, M. De Luc makes ufe of quickfilver,

with which he fills the cylinder, and a part of the com-

municating glafs tube. The more capacious this cylinder

is, or, which is the fame, the moifier it is, the lower does

the mercury ftand in the glafs tube; and vice verfci. Now
M. De Luc has found, that the lowefl; point to which it

can fink, is that where it flands when the ivory cylinder is

foaked in melting ice : he therefore names this point %ero,

in the fcale of his hygrometer ; and confequently, the de-

grees of this fcale are degrees of drynefs, counted from

below upwards, as the quickfilver rifes in the glafs tube.

To give thefe degrees a determinate length, and thus

render the hygrometers capable of being compared with

each other, M. De Luc employs in conftru6ling them

fuch glafs tubes as have been previoufly prepared, by being

made into thermometers, and filled with mercury, fo as

to
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to afcertain upon them the points of melting Ice and

boiling water, and to take exadly the diftance between

thofe points by any fcale at pleafure. That done, the

bulb of this preparatory thermometer muft be broken, and

the quickfilver it contains exadly weighed. It is by

knowing the weight of this, together with the diftance

between the fixed points of the thermometer, that the

fcale of the hygrometer is determined. For inftance, let

the weight of the quickfilver be one ounce, and the

diftance between the two abovementioned points, one

thoufand parts of a certain fcale : then fuppofe that the

quickfilver in the hygrometer, to which this tube is to

be applied, 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 inftrument 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 funda-

mental line of the hygrometer, muft be to the interval be-

tween the two fixed points of the preparatory thermo-

meter, as the weight of the quickfilver in the hygrometer,

is to the weight of the quickfilver in that thermometer.

This proportion between the fcale of the hygrometer

and that of the preparatory thermometer, furniflies an

ealy
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eafy method of correding in this inftrument the effeds of

heat upon the mercury it contains.

It will eaiily be conceived, from the conftrudion of the

fcale of this hygrometer, that if its cylinder of ivory was

fuddenly changed into glafs, the inftrument 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 li milarly divided into forty parts between the

fixed points, be placed near the hygrometer, it will fhew

immediately the correflion to be made on that inftrument

for its variation as a thermometer ; with fome reftridions,

however ; of which M. De Luc has given an account in

the paper he fent to the Royal Society on the fubjed of this

hygrometer.

That part of the frame of the inftrument on which the

fcale is marked, is moveable; fo that, before obferving

the points at which the mercuiy ftands, it may be pufhed

upwards or downwards, according as the thermometer has

rifen or fallen with relped 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 account of the

different degrees of heat.

Defcription

127
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Defcription of the Manometer, conftru£led by Mr.

Ramfden.

The Manometer ufed in this voyage was compofed of

a tube of a fmall bore, with a ball at the end ; the baro-

meter being at 29,7, a fmall quantity of quickfilver was

put into the tube to take off the communication between

the external air, and that confined in the ball and the part

of the tube below this quickfilver. A fcale is placed on

the fide of the tube, which marks the degrees of dilata-

tion arifing from the increafe of heat in this ftate of the

weight of the air, and has the fame graduation as that of

Fahrenheit's thermometer, the point of freezing being

marked 32. In this ftate therefore it will fhew the

deo-rees of heat in the fame manner as a thermometer.

But if the air becomes lighter, the bubble inclofed in the

ball, being lefs comprefTed, will dilate itfelf, and take up a

fpace as much larger, as the compreffing force is lefs

;

therefore the changes arifing from the increafe of heat will

be proportionably larger; and the inftrument will fhew

the differences in the denfity of the air, arifing from the

changes in its weight and heat. Mr. Ramfden found, that

a heat, equal to that of boiling water, increafed the mag-

nitude of the air from what it was at the freezing

point ^^-^*-o of the whole. From this it follows, that the

ball and the part of the tube below the beginning of the

fcale
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fcale is of a magnitude equal to almoft 414 degrees of

the fcale.

If we have the height of both the manometer and ther-

mometer, the height of the barometer may be thence de-

duced by this rule ; as the height of the manometer in-

creafed by 414, is to the height of the thermometer in-

creafed by 414 ; fo is 29,7, to the height of the barometer.

This inftrument, though far from complete, having

been conftruded in a hurry for the purpofe of afirft expe-

riment, and liable to fome inaccuracies in the obfervations

from not having the thermometer v^ith which it was com-

pared attached to it, feldom differed from the marine

barometer tV of an inch. Should it be improved to that

degree of accuracy of which it feems capable, it will be of

great ufe in determining refraftions for aftronomical obfer-

vations, as well as indicating an approaching gale of wind

at fea.

129
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MISCELLANEOUS OBSERVATIONS.

Observations for determining the reffadlion in high

latitudes.

TUNE the thirtieth, at midnight, the diftance of the
*^ two oppoGte horizons, taken by me with Ramfden's

fextant, was 179° 54'; the height of the eye being

fixteen feet above the level of the fea.

Auguft the fifteenth, at midnight, by the agro-

nomical Quadrant, the altitude of the fun'a

upper limb 4° 16' $^" lower limb 3** 46' o"

Error of the Quadrant — 32

4 16 23

Semidiameter — ^5 51

App. Alt. Sun's

center --4032
Co. Declin. - 75 56 13

App. Lat. - 79 56 45

True Lat. - 79 44 3

Refradtion - - 12 42 - - 13 29
By Dr. Bradley's tables II 18 _ _ 1227
Allowingforthetherm.il 53 ~ - 13 2

Barometerj 29,6 Thermometer, 37°

5 Auguft
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Auguft the twentieth, at midnight, the fun*s meridian

altitude by Mr. Harvey, 2° 25' 00"

Dip -^3 49

2 21 II

Semidiameter + 15 52

Altitude of the Sun's center 2 37 3

Co. Declin. 77 31 26

-jrr A'PP- Latitude 80 8 29

Refr. by the tables 16 44

True Latitude 79 51 45

Hakluyt's Head-land SBE
Cloven Cliff - - - EBSf S

Variation - - - - 19° 30' S.

It may not be improper to mention here that Baffin, in

161 3, made an obfervation of the refraction when the fun

was in the horizon, in latitude 78° 46', which alfo agrees

exadlly with Dr. Bradley's tables. It may therefore be

prefumed that the refractions in the higher latitudes follow

the fame law as in thefe.

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

A piece of the moft denfe ice he could find, being im-

merfed in fnow water, thermometer thirty-four degrees,

—

fourteen fifteenth parts funk under the furface of the

water.

In brandy juft proof, it barely floated : in reflified

ipirits of wine it fell to the bottom at once, and diflblved

immediately.

September the fourth, at two in the afternoon, we founded

with all the lines, above eight hundred fathom. Some

time before the laft line was out, we perceived a flack,

and that it did not run off" near fo quick as before. When
we got the lines in again, the firfl: coil came in very eaflly,

and twenty fathom of the next, after which it took a

great fl:rain to move the lead ; a mark was put on at the,

place where the weight was perceived, and the line

meafured, by which the depth was found to be fix hun-

dred 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

Y Dr.

HI
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Dr. Irving (none of thofe fent out having given fatisfadion)

was let down, faftened to the line, about two fathom

from the lead. A thermometer plunged into the water

from the bottom ftood at forty degrees :—in water from

the furface at fifty-five degrees ;— in. the fhade, the heat

of the air was fixty-fix degrees.

Experiments
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The refults of the experiments made with Lord Charles

Cavcndlfli'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, there-

fore, of the precautions ufed by Dr. Irving to prevent the

temperature from hcmg altered, as well as of the allowance

made by Mr. Cavendifli for compreffion, as they commu-

nicated them to me..

The following is the account of the precautions taken

by Dr. Irving to prevent the temperature of the water

being changed in bringing up from the bottom

:

" The bottle had a coating of wool, three inches thick,

" which was wrapped up in an oiled Ikin, and let into a

" leather purfe, and the whole inclofed in a well-pitched

" canvafs-bag, firmly tied to the mouth of the bottle, fo

" that not a drop of water could penetrate to its furface.

" A bit of lead {haped like a cone, with its bafe downwards

" and a cord fixed to its fmall end, was put into the bottle -y

" and a piece of valve leather, with half a dozen flips of

" thin bladder, were ftrung on the cord, which, when

" pulled, effedually corked the bottle ia the infide."

The
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The following is Mr. Cavendifli's account of the cor-

redlions to be made for Lord Charles Cavendifh's ther-

mometer.

" The Thermometer ufed in thefe experiments is fuWy

*' defcribed in the Philofophical Tranfadions, Vol. L. Page

" 308; fo that I imagine it is unneceflary to mention it

"here. But fince the publication of that volume, the late

" Mr^ Canton difcovered, that fpirits of wine and other

" fluids are compreflible ; which mu ftmake the thermometer

" appear to have been colder than it really was, and renders

" a correction neceflary on that account. There is another

" fmaller corredion neceflary, owing to the expaniion 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 computing

" thefe two corrections is not explained in that paper, it

'* maybe proper juft to mention the rule which was made
**^ ufe of in doing it.

*' In adjufting the degrees on the fcale of this thermo-
'

" meter, the tube was intirely full of Mercury, or the

"Mercury Hood at no degrees on the fcale, when its real heat

" was 65° of Fahrenheit. Let the bulk of the Mercury con-

" tained at that time in the cylinder be called M, and that

** of the fpirits, S; let the expanfion of fpirits of wine by
"1° of Fahrenheit, about the heat of 65°, be to its whole

" bulk-
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*' bulk at that heat, as j to i ; and let its expanfion by one

«' degree at any other heat, as 65°— ;i^, be to its bulk at 65°,

" as J X i—dx to I ; let the expanfion of Mercury by one

<' degree of heat be to its bulk at 65°, as m to i ; and let

«;
^^ + ^'^

'" be called G; let the compreffion of fplrits of

" wine by the preffure of 100 fathom of fea-watex,

*« when the heat of the fpirits is nearly the fame as

*' that of the fea at the depth to which the thermo-

" meter was let down, be to its bulk at 65°, as C to i;

"the compreffion of the Mercury is fo fmall that it may
" be nesleded : let the thermometer be let down N
*' hundred fathom, and when brought up and put into water

** of 65°—F degrees of heat let the Mercury in the tube

' *' ftand at E degrees ; confequently the heat, as ihewn by

'** the thermometer, is 65°—F—E: and let the real heat of

" the fea at the depth towhich it was funk be 65—A^'degrees;

" then65 -x=65 -F-E+£^-£iiHI±:'+52ifp?.
*' In this thermometer S= 1 1 60 ; M=97 ; the expanfion of

'' the fpirits ufed in making it by 1° at the heat of 65°, was

" found to be —Va of their bulk at that heat; that is s ~
1700 '

" -^^ ; m = —^ ; therefore G= 1,01 3. From M. De Luc's
1786' 11500' ' '^

*' experiments * it appears, that the expanfion of Ipirits of

*' wine by 1° at any degree of heat, as 6^°— .v, is to its

'" expanfion by 1° at 65°, nearly as i ^ to i : there-

** fore, d=—. The compreflibility of the fpirits ufed for

*' this thermometer at the heat of 58°, was found to be

* Modifications de rAtmorphere, voU I. page 252,

" exa6:ly
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" exa£tly the fame as Mr. Canton determines it to be at that

*• heat ; and therefore its comprefTibiUty at all other degrees

** of heat is fuppofed to be the fame as he makes it. Ac-
" cording to his experiments *, the compreffion of fpirits of

" wine by the preflure of 292 inches of Mercury at the

" heat of 32", id eji, nearly the heat of the fea in thefe ex-

" periments, is 59I millionth parts of its bulk at that heat

;

" therefore ^^ = 1, 9 and 65 —x = 6^ — F — E + Nx

^>9 638 "^ 638.

Observations 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 ss° ', the furface and

the atmofphere were 54°.

September the twenty-fecond. The fea-water was 60°;

the atmofphere, 59°: the wind at SW, a frefh gale.

* Phjlofophical Tranfa£lions, Vol. UV. page 261.

Observations
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Observations for determining the height of a Mountain

in Latitude 79° 44'; by the Barometer, and Geome-

trical Meafurement.

Obfervations taken by the Barometer, by Dr. Irving.

\ UGUST the eighteenth, the day remarkably

clear :

At 6^ in the morning, the barometer by the fea jnche..

fide flood at - - - - - 30,040

The thermometer 50°

On the fummit of the mountain, about an hour

and three quarters later than the firft obfer-

vation below, - *.« - - 28,266

Thermometer 42°

About an hour later at the fame place '- - 28,258

Thermometer 42°

By the fea fide, where the firft obfervation was

made, and about three hours later » - 30,032

Thermometer 44**

Height of the mountain calculated by M. De Luc from

the firft obfervation - - - ^5^5 feet

From the fecond obfervation - ^ 1592

Mean - « • » - - 1588 1 feet

jL Means



APPENDIX.

Means ufed to afcertain the Height of the Mountain

Geometrically.

A point was fixed upon, in the mod convenient place

the ground would admit of between the fummit of the

mountain (a well-defined objed) 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 divlfions. The inftru-

ment was carefully adjulled ; firft, by levelling the ftand

with a circular level, and afterwards the whole inftrument

by the crofs levels. From hence (A) at right angles to

the ftation at the fea fide (C) and the top of the mountain

(Ej, a bafe was meafured each way to (B) and (D) of

eight lines of feventeen fathom each ; in all, five hundred

and forty-four yards. The divifions of both the Verniers

were carefully examined, both at fetting ofi:' the llation by

the fea fide, and thofe at the extremities of each bafe,

the fixed telefcope being kept direded to the fummit of

the mountain, and the moveable one diredled at right

angles each way, both divifions of the Vernier coinciding

exadly. Station ftaves were fixed perpendicular by the

vertical hair of the telefcope. The altitude of the mountain

was then taken with the vertical arch, as a means of de-

tecting any error in the obfervation, and was found to be

z r so'.
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8" 50'. The diftance not enabling me to take the de-

preffion of any particular part of the ftaff by the fea fide

under the land on the other fide accurately, I fent a maii

to fland clofe before it, and took the depreflion nearly to

his eve, which was found to be 1° 54'. The inftrument

was then removed to the ftation on the right (B], The

inftrument being adjufled with the fame precautions as

before, and the fixed telefcope pointing to the center

ftation (A); the angle to the mountain was 84° 58', the

angle to the ftation by the water fide (C) 294° 44'. The

inftrument was then removed to the ftation by the fea fide,

(C), the fame precautions ufed in adjufting, and the fixed,

telefcope pointing to the center (A) in one with the-

mountain, the angle to the ftaff on the right (B) was,

54° 44'. Intending to make the triangle B C D. ifofceles,,

and imagining there might be fome little error from the:

unevennefs of the ground, I fet off on the theodolite an,

angle equal to the laft, having a perfon ready with a

ftaff on the bafe line to fix it where that angle fhould'

interfe6h on looking through the telefcope;. I found it cut

exadly at the ftaffD 335° 16'', and from thence concluded]

the meafure of the bafe to be exadt. I then took the alti--

tude of the mountain by the vertical arch 7° 44'. I then-

removed the inftrument to the ftation (D) to. take the third

angle ; but from the badnefs of the ground, I could not

place the inftrument exadly over the fpot where the ftafT

ftood ; from hence I took the third angle of the triangle;,

the fixed telefcope pointing to (A} and the fame precau--

n tions.
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tlons of adjuflraent being obferved, the angle to C came

out 65° 15' ; lefs by one minute than it fhould have been,

I then took from the fame place the angle to the moun-

tain (E) 275° i'; more by one minute than the corfe-

fponding angle at the oppofite ftation (B) : but the errors

correding each other, the whole angle CD £= 150° 14'=

the whole angle C B E.

By the triangle ABC, AC comes out 1771,4 feet

:

By the triangle ABE, AE comes out 9265,0 feet:

Therefore the diftance CE is - 11036,4 feet.

Angle of the mountain's elevation feen from C 7° 44'

:

Height of the mountain above C - 1498,8 feet:

4- height of C above the water's edge 5

:

Height of the mountain above the water's edge 1503,8 feet.

I prefer this obfervation to the others, becaufe the three

angles of the triangle ABC came out exactly 180 degrees

by the obfervation. The diftance A C found by the com-

putation, differed only four feet from that by the meafure;

but, the ground being uneven, I did not depend upon the

meafure, but took it merely as a check upon the operationj

to deted an error, in cafe of any great difference.

The diftance found by the fimilar triangles

BCE and CDE comes out - 11037 feet;

The angle of the mountain's elevation feen

from A was - - 8° 50'

;

Hence the height of the mountain above

A was found - - - 1439,8 feetj

Depreffion of C feen from A was i" 54';

Z 2 Hence
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Hence the height of A above C is - 58,7 feet

;

Height of the mountain above C 1498,5 feet

:

+ height of C above water's edge -
5 ;

Height of mountain above the level of the fea 1503,5 feet;

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 accuracy of Dr. Irving's ob-

fervations, which were taken with great care. As to the

geometrical meafure, the agreement of fo many triangles,

each of which muff have deteded even the fmallePt error,

is the moft fatisfadory proof of its corrednefs. Since my
return, I have tried both the theodolite and barometer,

to difcover whether there was any fault in either, and find

them upon trial, as I had always done before, very

accurate.

Observations
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Hence the height of A above C is - 58,7 feet

;

Height of the mountain above C 1498,5 feet

:

-\- height oi C above water's edge -
5 ;

Height of mountain above the level of the fea 1503,5 feet;

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 accuracy of Dr. Irving's ob-

fervations, which were taken with great care. As to the

geometrical meafure, the agreement of fo many triangles,

each of which muft have detected even the fmalleil: error,

is the moft fatisfaflory proof of its corredlnefs. Since my
return, I have tried both the theodolite and barometer,

to difcover whether there was any fault in either, and find

them upon trial, as I had always done before, very

accurate.

Observations
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Observations for determining the Acceleration of the

Pendulum.

Defcription of the Pendulum with which the Obfervations

were made, by Mr. Gumming.

" ^
I
"^HE apparatus with which the following experi-

"
ments were made, was prepared for the voyage

" with all the care which the (hortnefs of the time

" would admit, and particular attention was paid to its

" iimpliclty. The pendulum was that which the late Mr.

** George Graham had conftrudted, to afcertain the exadl:

" diflance between the center of motion and center of

" ofcillation of a pendulum to vibrate feconds at London.

" The ball is a fphere of folid brafs, whofe diameter 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

" thick, and is fo firmly fcrewed into the ball, that it

*' cannot be unfcrewed by hand, nor the length of the

" pendulum altered without the application of proper

" inftruments for that purpofe, there being no adjufting

" fcrew as in clock-pendulums.

« The
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'^' The axis of the pendulum is of hard-tempered fteel,

" nearly two inches long, and moves on angular or knife-

" pivots, whofe edges are formed with great care, fo as to

" lie exadly in the fame right line ; the pivots are formed

" nearly to an angle of thirty-eight degrees from the edge

" to the back ; the fharpnefs of the edges is taken off,

"*' and they are carefully rounded, 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 hundredth part of an inch.

*' Thofe pivots move in angular notches made in two

" pieces of hardened fteel, each a quarter of an inch thick

;

*' the notches are formed to an angle of one hundred

" and twenty degrees, with their bottoms fomewhat

" rounding, and formed fo that the whole length of the

*' pivot has an equal bearing in them ; the ends or extremi-

*' ties of the pivots are floped from the edges on which
^* they move, towards the backs, or upper fide; and

" two plates of hardened fteel are fcrewed againft 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 fhould chance to touch.

" Towards one end of the axis is pierced an oblong

"*' fquare hole, from the upper to the under fide, into

" which the upper end of the pendulum rod (having its

*' fides



APPENDIX.
*« fides fomewhat flattened) is fitted, without Hiake, but

<* in fuch manner that it moves freely therein from back

" to front, round a fteel pin which paffes horizontally

" through it and the axis, that both the pivots may
" have an equal bearing, and the pendulum may hang

" truely perpendicular, without any tendency to bend its

" rod, and by that means alter its time of vibration, even

** though the axis be not accurately adjufled to a level

" pofition : The error which might arife from ace' dental

" friaion on the above fuppofition, of an inaccurate

*' levelling of the axis, is obviated by means of the fteeli

" plates againfl: which the very central, point of the loweft.

" pivot muft in. fuch cafe ad:.

" To the other end of the axis, is fcrewed' a pair of

"pallets, conftrudled nearly on Mr. Graham's principle

" of the chad-beat^ but differing from it in having a

" deo-ree of recoil which tends to render the longer vibra-

" tions of the pendulum as quick as the fhorter : but

" this precaution is the lefs neceffary, becaufe the weight

" which keeps the machine in motion is fo adjufted, as

" to make the angle of conftant vibrations as nearly as

" poffible the fame with the angle of fcapement ; that is,

"to make the vibrations the {horteft, that will admit

" of the wheel to efcape the pallets : by this means,

.

*' if the oil applied fliould become glutinous, fo as to

" diminifh the adion of the wheel on the pendulum, or^

" if any other circumftance fhould happen to fhorten the

*'ai*c:

^55
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" arc of vibration of the pendulum, the weight which

" keeps it in motion muil be increafed, till it is found juft

" fufficient to keep the machine going; by which means

" there is a certainty that the pendulum vibrates fimilar

" arcs in each experiment, even if the obferver fhould not

" attend to that circumllance.

** The fwing-wheel is made of tempered fteel, and the

'' points of its teeth are left much thicker than they

" ufually are in clocks, in order to avoid accidents ; it

" has thirty teeth, and carries with it a divided circle

" which fliews feconds.

** On the axis of the fwing-wheel there is a pinion, on

" which another wheel a£ts : and in the axis of this laft,

" there is a fmall 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

" Horologium ofcillatoriutn : this method is the fimpleft

*' of any for keeping the wheels in motion while the

" weight is winding up, and is peculiarly advantageous

" in fuch machines as this, which require frequent

" winding : the weight applied to this machine was fix

" ounces Troy, which with a defcent of thirty-two inches

" kept it going for three hours, with a vibration of three

" degrees.

Thf
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*' The whole is contained in a ftrong brafs frame,

" fcrewed on the top of a three-legged wooden ftand,

*' three feet four inches high : the front legs extend three

** feet eight inches in the direction of the vibration, and

" the back leg extends three feet four inches from each of

*' the front legs, at which diftance the three legs are

" fo conneded at bottom, by horizontal rods, that

" they cannot poflibly alter their relative pofition ; by

" thefe means the point of fufpenfion of the pendulum

*' is rendered much more immovable 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 conne£ls the

** front legs is fixed a piece of filvered-glafsj by means of

** which the whole machine is readily adjufted to its

•* proper pofition : the lower part of the pendulum-

** ball hangs diredly over this mirror, on which is drawn

" a line from back to front ; and when the image of a

" fmall pin, which is fcrewed into the lower part of the

** pendulum, is feen bife£ted by this line viev/ed direftly in

*' front, the pofition of the machine is properly adjuftcd.

" On the back leg of the iland, immediately behind the

** pendulum, is a hook to hang a thermometer on, for

** making frequent obfervations of the temperature of the

** air. In order to prepare for an experiment, the pendulum

A a "is
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" is made to vibrate till 60 on the fecond-circle comes to

" the index, and is then to be held at the extremity of

" its vibration by a trigger ; on prefiing which with the

" finger, the pendulum is difengaged in an inftant : hence

** the vibrations muft be of equal extent in every experi-

" ment.

" The wooden ftand which fupports the pendulum is

" fo conftruded, that it forms an oblong fquare box, in

" which the pendulum, with every part of its apparatus,

*' is with great facility and expedition packed ; fo fecurely

*' that no part can receive damage ; and the whole is (o

" portable, that it may with eafe be carried on a man's

" fhoulder to any acceffible place.

" This pendulum immediately before the voyage was

" compared with a well-regulated eight-day clock, and in

" twelve hours its beat did not differ fenfibly from that of

*' the clock; Fahrenheit's thermometer being then at 60V'

July the fixteenth the Pendulum and the Equatorial Jn-

ftrument were landed on a fmall rocky ifland in latitude

79'' 50' N; and the pendulum being carefully fet up in

a fmall tent ereded for that purpofe, and its pofition truly

adjafted, a thermometer was fufpended on the hook

behind the pendulum-rod; and the pendulum being re«

2 peatedly
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peatedly put in motion, it was found to flop, till a mufket

bullet and a half was added to the weight, which was

found fufficient to keep it in motion ; when it was thus

found to continue its vibration, it was locked by the

trigger at 60". The equatorial 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 either to the latitude or meridian of the place; but the

azimuth and equatorial circles being truely levelled, the

telefcope was diredled towards the fun, and fo elevated

that it fhould pafs as near as poflible through the middle

of the field. The inftrument being thus prepared, the

Weft limb of the fun was obferved to touch the Eaft fide

of the vertical wire in the telefcope at 5'' 19' 28" in the

afternoon, by the watch ; and at the fame inftant the pen-

dulum 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 refpe£t to the wire, which muft occafion

its diameter to take a longer time in pafling than if it

crofted the wire at right angles : this pofition of the

wire, together with the change of the fan's declina-

tion, prolong the time of the fun's coming again to the

wire ; fo that there v/as an interval of twenty-four hoursj

forty-nine feconds and a half, from the time that the fun's

limb touched the wire on the fixteenth day of July, to

A a 2 the
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the time of its return to the fame wire on the feventecnth

day*.

During the time of this revolution of the fun, an account

was kept of the thermometer, and feveral comparifons 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 fhewed 60" : thefe

comparifons were chiefly intended to prevent a miftake of

a whole minute in eftimating the acceleration of the pen-

dulum, which only fhewed feconds, having no index for

minutes:

* July the fixteenth P. M. at 5'' 19' 28" by the watch : the angle

S between the vertical and circle of declination was 10° 49: the

iun's altitude 20°; Its declination 21° 8': the change in the fun's

declination in 24'', was lo' 11": hence the time of the fun's

coming to the fame vertical hair of a telefcope, will be retarded

44", I : for (by Cotes, MJiimatio Errorum, Theor. 35.)

As fine Z P or cofine latitude, — — Comp. Ar. 0,75322

Is to tang. S. 1
0° 49'

;

— — — 9,28117

So is the change in declin. lO' 11" fine, — — 7,47161

To 11' i" the change In the hor. angle fine, —

—

7,50600

Which turned into time, gives —

—

44"'>i

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

Therefore the Interval between the two tranfits is 24'' o' 49,5

It was ohferved 24 (2) 4,5

The difference is the gain of the pendulum — — (0 1

5

To
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minutes : and as a candid inveftigation of a matter that

had fo much engaged the attention of the befl: philofo-

phers and mathematicians was the only obje(5l of my wifli,

I judged it beft, in the firft place, to give the obferva-

tions juft as they were made, regularly numbered, that

they may be readily referred to from the followinp- tables,,

in which the order of the original obfervations is varied,

according to the periods of time between each pair, of ob-^

fervations. By thus giving the foundations on" which the-;

conclulions depend, all perfons, who chnfe it, may trace

and examine every ftep towards the conclufion, and by

that means be enabled to deted any error that may have

crept into the operation ; or draw fuch further conclu-

fions as their ingenuity may fuggeft, and the materials

here given may warrant.

To find the time of tlie fun's diameter pafling a vertical hair. (Cotes, JEflim.

Error. Theor. 21.)

As the produa of
fCofine declination - - Comp. An 0,03024,'

iCohneS.

.

— Comp. Ar. 0,00778

Is to the produft of Radius and Cof. Altitude; — — lo 07208
So is the fun's diameter in time 1 35",6, — .

—

2,13226

To the time fought 139",! =2' 19",! — 2,74326

It was obferved — %' 2i",o

Difference r".Q

Although the obfervatlon of the fun's diameter pafling the wire has no immediate

eonneftion with our conclufion; yet the agreement between the calculated and the

oliferved time of its pafTing, ferves to fhow that the proper allowance was made for

the obliquity of the dircflion in which it pafTcd tlie wire.

Day
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It has already been faid that the watch was ufed only to

prevent an error of whole minutes, in efti mating the time

gained by the pendulum in twenty -four hours ; the exa^

period of twenty-four hours being determined by the revo-

lution of the fun.

In order to obtain the acceleration of the pendulum,

the original obfervations are transferred from the foresoincrO O CD

table, to that which follows, for the convenience of ar-

ranging them according to the length of the intervals^

beginning with thofe of the fhorteft duration : fo that the

conclufion from each period becomes a check upon thofe

that follow.

In this table the firjl- column refers to the original obfer-

vations, from which a conclufion is here to be drawn;

thus, in the firft line, we find 27— 30, by which is meant

that a conclufion is to be drawn in this line from obfer-

vations 27 and 3 c, 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.

'Thefecond colum-n exprefies the interval of time by the

watch, between each pair of obfervations referred to in

the firft.

The third column ihews how much the pendulum

gained on the vv'atch, ixi each period cxprefied in the

fecond.

Thefourth column (hews the mean height, of the Ther-

mometer for each period.

The
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The fijth column exprelTes the difference between this

jnean height, and 60°, the height of the thermometer at

.London when the pendulum was adjufted.

"TheJixth colu7nn fliews the contraction of the pendulum

rod by the degree of cold exprefTed in the fifth column,

according to Mr. Smeaton's experiments, publiflied in

N° 79 of tJ^s Philofophical Tranfadions for -the year

.1754.

The feventh column fhews how much this contraftion

would make the pendulum gain during each period of the

iecond column.

The eighth column ihews how much the pendulum

would have gained on the watch in each period, if the

thermometer had remained at 60°, and therefore no coa-

tradion of the pendulum-rod had taken place.

The ninth column fhews how much the watch ought to

have loft in each period, allowing it to have loft uniformly

at the rate of four feconds in twenty-four hours, as was

obferved by the tranfit.

The tenth column fhews how much the pendulum would

liave gained on the watch, in each period ; allowing for

its lofing at the rate of four feconds in twenty-four hours,

and fuppofing the thermometer to have remained conftantly

at 60°.

The eleventh column fhews how much the pendulum

would gain per hour according to the rate of acceleration

given in the tenth column for each period,

TABLE
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The fifth column exprelTes the difference between this

mean height, and 60°, the height of the thermometer at

.London when the pendulum was adjufted.

"TheJixth column fliews the contraction of the pendulum

rod by the degree of cold expreffed in the fifth column,

according to Mr. Smeaton's experiments, publifhed in

N° 79 of the Philofophical Tranfadions for 4:he year

The feventh column fhews how much this contraQiion

would make the pendulum gain during each period of the

iecond column.

The eighth column Ihews how much the pendulum

-would have gained on the watch in each period, if the

thermometer had remained at 60°, and therefore no con-

tradion of the pendulum-rod had taken place.

The ninth column (hews how much the watch ought to

have loft in each period, allowing it to have loft uniformly

at the rate of four feconds in twenty-four hours, as was

obferved by the tranfit.

The tenth column (hews how much the pendulum would

have gained on the watch, in each period ; allowing for

its lofing at the rate of four feconds in twenty-four hours,

and fuppofing the thermometer to have remained conftantly

at 60°.

The eleventh column fhews how much the pendulum

would gain per hour according to the rate of acceleration

given in the tenth column for each period.

TABLE
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Obfervations with the Pendulum from the i6th to the 1 8th of July, 1773, in Latitude 79° 50' N.

Obfervations

referred to.

Duration in

Time by
the Watch,

H
o

o

2

4

5

5
6

7
8

9

9
10

II

13

H
16

16

18

23
24

37 5»i

57 57
15 55.

45 5°i

23 49

43 472
21 46
19 46

7 H
5 II

35 41

23 9
21 6

51 li

29 o

6 ^61
44 55
42 55
40 52
26 42!

4 41

3
Seconds

gained

by the

Pendu-

lum, on
the

Watch.

If

3

5

91
II

I2|

14

H
46

49
19

51

54
581
60

63§
65

65
68

m
79

4
Mean
Height
ot the

Thcr-

mome
ter.

52

57
49?
53i

53

54?
54i

47 J

481

50I
48

495
50
52

511

54
53i

4«l

49?
50I
501

Difference between
the Height of the

Thermometer at

theTime of adjuft^

nient at London,
and at the Time of

Obfervation.

3
loi

H
7

5i

Si
I2|

III

12

lOi
10

61

Hi
lol-

91
9^-

^ 7
Contraftion of Time gained on

the Watch bythe PenJuht

rod by the

cold, in parts

of an Inch.

,0020

,0007

,0027

,0015

,0017

,0014

,0014

,0031

,0028

,0023

,0030
,0026

,0025
,0020
,0021'

,0015
,0016

,0028

,0027

,0024
,0024

the contraflion

ot ihePendulum

rod.

0,06

0,03

0,28

0,35

0,44

0'37

0,41

1,06

1,05

0,98

1*33

1,26

1,28

1,38

I, II

1,22

2,3°

2>33
2,58

2,72

Time gained by
' the Pendulum on

the Watch, cor-

refted for the

Thermometer.

1,44

2,97

4,72
9'i5

10,56

12,13

12,94

44,95
48,02

17,67

49.74
52,69

57.22

58,62

62,39

63,78
62,70

65,67

74.92
76,28

Time loft by the

Watch, accord-

ing to its Rate

of going, as de-

termined by the

tranfit.

0,10

0,15

0,78

0,90

0,95
1,05

1,21

I '34
i'5r

1,60

1,72

1,88

2,30
2,41

2,68

2,78

2,94
3,11

3,90
4,01

10
Time gained by the

Pendulum on the

Mean Time, al-

lowing for the

Thermometer,
and Rate of the

Watch's lofmg.

1.34
2,82

4,35
^,37

9,66
11,18

12,54

^^'73

43,61

46,51
16,07

48,02

50,81

54.92
56,21

59^7^
61,00

S9^7^
62,56

71,02

72,27

II
Ratio of Acce-

leration fer

Hour.

2,12

2'93

1,92

1,79

''9S

1,97
1,60

5.37
5'12

1,67

4,62

4,47

3.96
3,88

3'7o

3.H
3->Z7

3.34
3,02
•?,oo

Bb In





APPENDIX.
It appears by the original obfervations that the pendu-

lum began its vibrations at 60", the inftant in which the

iirft limb of the fun was obferved to touch the fide of the

vertical wire in the telefcope of the Equatorial, that

is, at five hours, nineteen minutes, twenty-eight feconds

in the afternoon by the watch, on the i6th of July ; and

by every comparifon of the pendulum with the watch,

that the pendulum was conftantly gaining on the watch,

and in a period of twenty-four hours, four minutes,

forty-one feconds, had gained on the watch feventy-

nine feconds j and when the revolution of the fun was

completed, it appeared, that the watch had loft four

feconds in the exadl period of twenty-four hours ; there-

fore, if four feconds loft by the watch, be fubtraded from

feventy-nine, the time gained by the pendulum on the

watch, it will leave feventy-five feconds for the time

gained by the pendulum on the mean^ or true time, no

dedudion being here made for the contraction of the pen-

dulum-rod by the cold.

The odd fifteen feconds are determined by obferving,

that the pendulum fliewed four feconds and a half exadly

when the fun had again returned to the vertical wire ; fo

that this period is determined wholly by the fun, and

totally independent of the watch ; but as the watch is

found by the fame obfervation to have loft only four

feconds, recourfe is had to the Intermediate comparifons

of it with the pendulum, which clearly fhow that the

C c pendulum
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pendulum had gained one whoie minute, together with the

fifteen feconds determined by the pendulum and the revo-

lution of the fun : and ahhough it appears by the

eleventh column of the foregoing table that the watch did

not lofe uniformly at the rate of four feconds in twenty-

four hours, yet its mean rate leaves as little doubt with

regard to the whole minute gained by the pendulum, as if

its going 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 acceleration of the pen-

dulum on the watch to be 8 0^,79 in twenty- four hours,

which differs from the acceleration obferved by the revo-

lution of the fun only 5'''',75 ; and from the rate of going

of the watch, determined by the revolution of the fun,

only i'^j79: 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 accu-

rately determined by the revolution of the fun j it may

not be improper here to take notice, that from a mean of

fix altitudes of the fun, taken by a very good aftrono-

mical quadrant of eighteen^ inches radius, the watch was

computed to have loft 5"4, in twenty-four hours, whicL

difi'ers from the rate given by the revolution of the fun^

only \"L'y this may ferve to fhew how far the mean df

a great number of obfervations by tlie fame obferver- and^

'^ inftrument
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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 pen-

dulum was obferved to fhow 4 ^ feconds, my attention

being wholly engaged in obferving the pendulum. The

watch was found to have loft 77" | by the pendulum, in

twenty-three hours, twenty-fix minutes, forty-two feconds

and a half. An allowance according to this rate for

34' 4' (th^ fupplement of the laft obfervation by the

watch to the time of the fun's pafiage when the pendulum

fhewed 4"!) amounts to i"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 feconds and a half, by the

watch ; which had therefore loft four feconds in twenty-

four hours.

As the comparifon of the watch and the pendulum in

this one inftance is not from aftual obfervation, at the in-

J}ant^ but fuppofes that the watch had kept for thirty-

four minutes to the fame rate of lofing at which it had

been obferved to lofe for nearly twenty-four hours

immediately preceding ; the time by the watch thus

found is inferted in the table of obfervations within

C c 2 hooks
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hooks to diftinguiQi it, that every perfon may have an

opportunity of judging how far it ought to be admitted.

Upon the whole it appears, that by the revolution of

the fun, correded for the oblique direction in which it

pajG!ed 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 i6th, to the time of its touching

the fame wire on the 17th of July, that the pendulum

gained feventy-fivefeconds in twenty-four hours. But as the

mean height of the thermometer for the time of this ex-

periment was 9°l 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

contraded -^oV'-o-s of an inch, and to have gained on that

account 2,"7 a; fo that the acceleration of the pendulum

arifing only from the difference between the latitude of

London and 79° 50^ N, is 72^2 8.

The pendulum was continued in motion, and the com-

parifons 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 profped of feeing the

fun in the afternoon, the inftruments were taken on board^.

and the fhips failed immediately.

Auguft
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Auguft the fourteenth, we landed the Pendulum,

Equatorial Inftrument, and aftronomical Quadrant on

Smeerenberg Point, latitude 79° 44' N; and fet up

the pendulum in every refped as formerly defcribed.

The equatorial and quadrant were alfo fet up, and pre-

pared for obfervation.

The pendulum was fet a going when it was exadly

6^ d d' P. M. by my watch, from which time it was fre-

quently compared with the watch, till 5^^ 50' A. M. the

15th; when the pendulum flopped. It was again fet

a going with the additional weight which had formerly

been ufed, when the watch was exactly 6^^ 00' 00% and

continued going from that time till after five in the

morning of the i8th, 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 i8th A. M. when they were

repeated to afcertain the rate of the watch's lofing.

17J

Day
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Day of the

Month.
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The following table is conftrufted in every refpe6t tlie

fame as that defcribed page 163, and differs from

it only in having an additional column^ in which is given

the rate of acceleration of the Pendulum in twenty-four

hours, according to the time by the watch, correcHied by

a mean of fixteen altitudes of the fun taken on the 1 5th,

and a mean of thirty- nine altitudes on the 1 8 th of Auguft,

from which the watch appears to have loft, during the in-

terval of the three days, at the rate of 2'^','] per day. The

xate of acceleration of the pendulum in twenty-four hours

being thus determined, agreeable to the acceleration ob-

ferved in each of the laft eight periods, being thofe of the

longeft duration; and thefe obfervations being already

correded 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
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The following table is conftru£ted in every refped the

fame as that defcribed page 163, and differs from

it only in having an additional column, in which is given

the rate of acceleration of the Pendulum in twenty-four

hours, according to the time by the watch, correded 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 in-

terval of the three days, at the rate of 23^^,7 per day. The

rate of acceleration of the pendulum in twenty-four hours

being thus determined, agreeable to the acceleration ob-

ferved in each of the laft eight periods, being thofe of the

longeft duration ; and thefe obfervations being already

correded for the thermometer j a mean is taken from the

whole as the true rate of acceleration of the pendulum on

mean time in twenty-four hours.

TABLE
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Obfervations with the Pendulum from the 14th to the i6th of Auguft, 1773, in Latitude 79° 44' N.

Obfeivations

referred to

20-

I-

40-
41-
I-

5-
1-

5-

25-

21-
6-

20-

6-

21-

6-

5-

21

- 2

-41

-42

- 3
- 6

- 4
- 7
-42

-40

-20

-40
-21

Duration in

Time by
the Watch.

59 55
1 30 00
2 20 474-

5 36 34
6 13 30
8 9 22i
II 09
14 59 49
22 59 225

23 or 23

23 52 17

24 01 18

24 52 12

4125 22 II

4047 53 35i
4264 00 19!

3^
Seconds

gained

by the

Pendu-

lum on

the

Watch.

4
Mean
Height

f the

Thcr-

mome
ter.

5

6|

121
26

294-

37i
51
60

974
96;
103
ioi4-

108

109 -

2044.

2801

37
43i
40

40
40

:

36
38

36

38

38

36
381

361

38

38

37i

Difference of the

Thermometer at

the Time of

adjuftment in

London, and at

theTime of Ob-
fervation.

23

i6f
20

20

\^l

24
zi\

24
214:

22

24
2I|

23t
22

22

22 i

6
Conti-aftion

the Pendulum

rod by the

cold, in parts

of an Inch,

>oo57

,0042

,0050

,0050

.

,0049

,0060

,0054
,0060

,0054

,0060

,0054

,0057

'0°55

,0055

,0056

7
rime gained on

the Watch b)

the contradior

of the Pendu-

Imn rod.

0,26

0,25

0.54

1,25

1,41

2,26

2,70

4.17

5^15
5.86

6,60

6,00

6,75'

6,49
12,20

16,67

Time g lined b)

the Pendulum or

the Watch, coi

retfed for the

Thermometer.

4.74
6,25

11,96

24,75
28,09

35.24
48,30

55.83

9'^75
90,64

96,40

95.50
101,25

102,51

192,30

263,83

D d

rime lofi: by the

Watch accord-

ing to its Rate

uf going, as de

termined by ihs

Altitudes of the

Sun.

0,99

1,47

2,31

5^^2,

6,14

8,04

10,86

14,79
22,71

22,73

''3>55

23,72

24.59

24.43

45'49
63,20

10
rime gained by

the Pendulum on

the Mean Time,

allowing for the

Thermomeur
and rate of the

Watch's lofilg.

II
Ratio of Acce

leration per

Hour.

3^75
4,78

9.65

19,12

21,95
27,20

37'44
41,04

69,04

67,91

72,85

7^'78

76,66

78,08

146,81

200,63

3>15
3' 1

9

4,11

3'4r

3,52

3'34
3'4i

2.73

3,00

2,95

3^^ 5
2,99

3,08

3'°?
3,06

3^''3

Ratio of acceleration of

the Pendulum on the

MeanTime inTwenty-
Four Hours.

72,07

70,79

73'24
71. 7'

73.9
73,86

73^51

75,23

Mean 73,06
Which gives the Accele

ration ofthe Pendulum
on true Time from the

change of Latitude

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 de-

ducing the acceleration on account of the contra6tIon of

its rod by the cold, is feventy-three feconds, and fix hun-

dredths of a fecond ; which is one fecond, and two hun-

dredths of a fecond more than by the refult of the obfer-

vations of the i6th and 17th of July. But although the

rate of going of the watch from the 15th to the 18th

days of Auguft, was afcertalned by a mean of fifty-five al-

titudes of the fun, I am inclined to give the preference

to the obfervatlons of July, where the exaft period of

twenty-four hours was determined by a revolution of the

fun, obferved w-ith a telefcope whofe magnifying power
was fixty. And notwithftanding that the height of the

thermometer during the time of obfervation in Auo-ufl

was remarkably uniform, and that the watch was found by

the comparifons with the pendulum to have loft durincr

the whole time as uniformly as could reafonably be ex-

peded ;
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 correded by the mean of fix altitudes of

the fun taken on the i6th and 17th July, differed

only one fecond and a half from that obferved by the

E e revolution
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revolution of the fun, there is reafon to believe that the

period of three days, determined by a mean of fifty- five

altitudes, taken on the 15th and i8th of Auguft, might

be relied on to one fecond at moft : and that, although

the conclufion from the obfervations of Auguft are not fo

decilive, on account of Its depending in fome fmall degree

on the regularity of the watch, it ftrongly corroborates the

conclufion from the obfervations in July, as it proves that

the acceleration of the pendulum proceeded from an uni-

form caufe, which produced equal effects in each cafe.

This is yet further proved, by comparing the pen-

dulum when it returned to London with the fame clock

with which It had been compared before the voyage, the

thermometer being at this time alfo at 60°, and the addi-

tional weight of a mufket bullet and a half being applied

to the weight which kept it going ; the pendulum and

the clock were found, to agree fo well, that no fenfible

difl:erence could be diftinguiflied in their beats for the

fpace of twelve hours.

From all which circumftances it may fairly be con-

cluded, that a pendulum which vibrates feconds at

London, wiU gain from feventy-two to feventy-three

feconds in twenty-four hours, in latitude 79° 50';

allowing the temperature of the air to be the lame at

both places.

, Thefe
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Thefe obfervations give a figure of the earth nearer to

Sir Ifaac Newton's computation than any others which

have hitherto been made.

According to Sir Ifaac Newton the Pen-

dulum gains in latitude 79° 50', 66",9 ;

In which cafe the equatorial diameter

would be to the polar as - - 23010229:

According to Mr. Bradley's computation,

from Mr. Campbell's obfervations, 76,6;

Equatorial diameter to the polar as - 201 to 200:

According to Maupertuis, - - 86,5;

Equatorial diameter to the polar as - 1 78 to 1 79

:

{72 28

73.06;

Equatorial diameter to the polar as - J *^ '^

[2 10,7 to 209,7:

The mean of which is very nearly as - 212 to 211.

179
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REFERENCE to PLATE XI.

Fig. I. Is a general view of the apparatus when fitted up;

the pendulum being locked by the trigger, and

ready for an experiment;

Fig. 2. The upper part of fig. i, on a larger fcale, in

order to fhew the feveral parts more diftinftly.

Fig. 3. Reprefents the whole frame and apparatus when

packed for carriage.

Fig. 4. Is the cap which covers the wheels and pallets,

detached from fig. 3.

A. Fig. I. The pendulum-ball.

B. B. The pendulum-rod.

C C. Fig. 2. The axis of the pendulum.

D. - An oblong hole in the axis, into which the

end of the pendulum-rod is fitted, and

fecured by means of the fteel pin d.

E. E. - The upper part of the wooden frame ; to

which the three legs are flrongly fixed by

hinges and table-joints, and on which is

fcrewed

F. F. F. F. A ftrong brafs frame which fupports the

pendulum and wheels.

Q.Q.
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G. G. Fig. I. A flat board that forms one of the (ides of

the box, fig. 3, and has two fmall mortifes

near its ends, which receive the points of the

fore-legs of the ftand ; two fmall fteel rods,

which are jointed near the lower end of the

back-leg hook into the ends of this board,

fo as to preferve the relative poiition of the

three legs unalterable : and near the middle

of it is fitted

H. - A piece of filvered glafs, with a diamond

line on it from back to front, for adjufting

the pofition of the Hand : and

I. - The trigger for locking the pendulum.

K. - A wooden wedge which is occafionally put

under either end of the board G. G: to adjufl

the ftand to its proper poiition ; and when
packed, is put in its place, as reprefented in

the figure.

L.L. L. Pieces of wood fcrewed to the lesrs, havincr

cavities in them which embrace the pen-

dulum-ball when the legs of the ftand are

brought together in order to be packed, as

in fig. 3.

M. - A flat piece of wood, under the ends of which

are confined the fteel rods that conned the

back leg of the ftands to the board G. G^
when the ftand is packed.

N. A tunir
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Nl - A turn- button, under which the line which

carries the weights is put when packed for

carriage.

O. - A pin on which the weights are put when

packed.

P. _ The pulley and ratchet by means of which the

machine is kept going whilft it is winding up.

Q. - The weight that keeps the pendulum in

motion.

R. - The counter-weight.

S. *" The index which fhows the feconds on a

divided circle fixed on the axis of the fwing-

wheel.

T. - The thermometer fufpended on a hook im-

:: mediately behind the pendulum wire.

W. W. Two leather ftraps that fecure the whole

when packed, as in fig, 3.

NATURAL
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Nl - A turn-button, under which the line which

carries the weights is put when packed for

carriage.

O. - A pin on which the weights are put when

packed.

P. _ Thepulley and ratchet by means of which the

machine is kept going whilft it is winding up.

Q. - The weight that keeps the pendulum in

motion.

R. - The counter-weight.

S. - The index which fhows the feconds on a

divided circle fixed on the axis of the fwing-

wheel.

T. - The thermometer fufpended on a hook im-

mediately behind the pendulum wire.

W. W. Two leather ftraps that fecure the whole

when packed, as in fig. 3

.

NATURAL
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NATURAL HISTORY.

^
I
^FIOUGH the fliortnefs of my ftay at Spitfbergen,

-*- and the multiplicity of occupations, in which I

was neceflarily employed, during the greateft part of that

time, rendered it impoffible for me to make many ob-

fervations on its natural produSions ;
yet as there are

among thofe few fome v/hich have not before been made

pubhc, I am in hopes that this article will not be found

wholly unprofitable. The following catalogue, imperfe£t

as it is, may ferve to give a general idea of the fparing

produdions of that inhofpitable climate.

As modern naturalifts have formed the technical terms

of their fcience out of the Latin, it becomes necefiary

to mgke fome ufe of that language, in order to render

the defcriptions of fuch things as are new, intelligible to

thofe for whofe ufe they are intended : I fhali always,

however, annex Englifli names to the fcientifick ones,

when fuch are to be found.

MAMMALIA.
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MAMMALIA.
Trichechus RofmaruSj Linn. Sj/Ji. Nat. 49. i.

Ardick Walrus. Penn. Syn. ^luadr.

P- 335-

This animal, which is called by the Rulllans Morfe,

from thence by our feamen corruptly Sea Horfe, and in

the G'ulph of St. Lawrence Sea Cow, is found every where

about the coaft of Spitfbergen, 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 injury received by an individual.

Phoca Vitulina. 'Linn. Syjl. Nat. 56. 3.

Common Seal. Penn. Syn. ^uadr. p. 339.

Found on the coaft of Spitfbergen.

Can IS Lagopus. Linn. Syji. Nat. 95. 63.

Ardick Fox. Penn. Syn. iluadr. p. 155.

Found on the main land of Spitfbergen and iflands ad-

jacent, though not in any abundance. It differs from

our Fox, befides its colour, in having its ears much more

rounded. It fmells very little. We ate of the flefh of

one, and found it good meat.

5 Ursus
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Ursus Maritimus. Linn. Sj/Ji. Nat, 70. i.

Polar Bear, Penn.Syn. ^adr. p. 192 .T. 2 0. F. i.

Found in great numbers on the main land of Spit{bergen;

as alfo on the iflands and ice fields adjacent. We killed

feveral with our mufquets, and the feamen ate of their

flefli, though exceeding coarfe. This animal is much
larger than the black bear j the dimenfions of one were

as follows

:

Feet. Inches.

Length from the fnout to the tail, - 71
Length from the fnout to the flioulder-bone, 2 3

Height at the fhoulder, - - - 4 3

Circumference near the fore legs, --70
Circumference of the neck clofe to the ear, 2 1

Breadth of the fore paw, - _ _ 07
Weight of the carcafs without head, fkin

or entrails, - - - 610 lb.

Cervus Tarandus. Linn. Syjl. Nat. 93. 4.

Rein Deer. Penn. Syn. ^adr. p. 46. T. 8.

F. I.

Found every where on Spltfbergen.

We ate the flefh of one which we killed, and found

it excellent venifon.

Balaena Myjlicetus. Linn. Syfi, Nat. 105. i.

Common Whale. Fejin. Brit. Zool. p. 85.

F f This
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This fpecies, which is fought after by the fifliermen in

preference to all other whales, is found generally near

the ice. We faw but few of them during our flay.

Balaena Phyfalus. Linn. Syft. Nat. io6. 2.

Fin Fifli. Penn. Brit. Zool. p. 41.

Found in the ocean near Spitsbergen.

A V E S.

Anas mollijffima. Linn. Syfl. Nat. 198. 15.

Eider Duck. Pen7^. Brit. Zool. p. 454.

Found on the coaft of Spitfbergen.

Alga arEiica. Linn. Syft. Nat. 211. 4.

The Puffin. Penn. Brit. Zool. p. 405.

Found on the coaft of Spitfbergen.

Alca Alle. Linn. Syft. Nat. 211. 5.

Found on the coaft of Spitfbergen in great abundance.

"Procellam A g/acia/is. Linn. Syft. Nat. 213. 3.

The Fulmar. Penn. Brit. Zool. p. 431,

Found on the coaft of Spitfbergen.

CoLYMBUs Grylle. Linn. Syft. Nat. 220. i.

Found on the coaft of Spitfbergen.

K COLYMBUS
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CoLYMBUS Troile. Linn, Syji. Nat. 220. 2.

Found on the coaft of Spitfbergen.

CoLYMBVs glacia/h. Linn. SyJl. Nat. 221. 5.

The great Northern Diver. Penn* Brit,

Zool. p. 413.

Found on the coaft of Spitfbergen.

Larus Rijfa. Linn. SyJi. Nat. 224, i.

Found on the coaft of Spitsbergen.

Larus Parajiticus. Linn. SyJl. Nat. 226. 10;

The Arftick Gull. Penn, Brit. Zool. p. 420.

Found on the coaft of Spitfbergen.

Larus Eburmus^ niveus, immaculatus, pedibus

plumbeo-cinereis.

Found on the coaft of Spitfbergen.

This beautiful bird is not defcribed by LinnsBus, nor, I

believe, by any other author ; it is nearly related indeed

to the Rathfher, defcribed by Marten in his voyage to

Spitfbergen, (See page 77 of the Englifh tranflation) but,

unlefs that author is much miftaken in his defcription,

differs effentially from it. Its place in the Syftema

Natitrce feems to be next after the Larus navim, where

the fpeclfick difference given above, which will diftinguifh

F f 2 it
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it from all the fpecies defcribed by Linnaeus, may be

inferted.

Description.

Tota avis (quoad pennas) nivea, immaculata^

Rojirum plumbeum.

Orbita oculorum croceas.

Fedes cinereo-plumbei. Ungues nigri.

Digitus Pojlicus articulatus, unguiculatus^

Alee Cauda longiores.

Cauda aequalis, pedibus longior.

Longitudo totius avis, ab apice roftri ad

finem caudse, Uncias i6

Longitudo inter apices alarum expanfarum, - 37

Roftri, - - - - 2-

Sterna Hirundo. Linn. Syfi. Nat. 227. 2.

The greater Tern. Penn, Brit. ZooL p. 428.

Found on the coaft of Spitfbergen^

Emberiza nivalis. Linn. SyJ}. Nat. 308. li.

The greater Brambling. Penn. Brit,

ZooL 321.

Found not only on the land of Spitfbergen, but alfo

upon the ice adjacent to it, in large flocks : what. its food

can be is difficult to determine j to all appearance it is a

granivorous
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granlvorous bird, and the only one of that kind found in

thefe climates, but how that one can procure food in

a country which produces fo few vegetables, is not eafy

to guefs.

AMPHIBIA.
Cyclopterus Liparis. Linn. Syfi. Nat. 414. 3.

Sea Snail. Penn. Brit. Zool. III. p. 105.

Two only of thefe were taken in a trawl near Seven Ifland

Bay.

PISCES.
Gadus carhonarius, Linn, Syjl. Nat. 438. 9.

The Coal Fifh. Penn. Brit. Zool. III. p. 152.

Though we trawled feveral times on the North fide of

Spitfbergen, and the feamen frequently tried their hooks

and lines, yet nothing was taken except a few individuals

of this and the foregoing fpecies,

I N S E C T A.

Cancer Squilla. Linn. Syji. Nat, 105 1. 66,-

The Prawn, Merr. Pin. 19Z.

Found
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Found in the ftomach of a feal, caught near the coafl: of

Spitfbergen.

Cancer Boreas., macrourus, thorace carinato aculeate,

manibus laevibus, poUice fubulato incurvo.

Tab. XIL Fig. I.

This fingular fpecies of Crab, which has not before

been defcribed, was found with the former in the ftomach

of a Seal ; its place in the Syjiema Nature feems to be

next after Cancer Norwe^icus^

Description.

'Thorax ovatus, tricarinatus : CarincB laterales tuber-

culofee, antice fpina acuta terminatse; Carina dorfalis

fpinis tribus vel quatuor validis armata; antice produdla

in roftrum porredtum, acutum, breve, Thorace quintuple

brevius ; pra;ter fpinas carinarum, anguli laterales thoracis

antice in fpinas terminantur.

Antenna duse, thorace fere triplo breviores, bifida:

Ramulus fuperior crafliufculus, filiformis, obtufus

;

Inferior gracilis, fubulatus.

Palpi duo, duplicati; Rajnus fuperior foliatus, leu

explanatus in laminam ovalem, obtufam, longitudine

antennarum, intus et antice villis ciliatam ; Ramus interior

antenniformis, fubulatus, multiarticulatus, antennis triplo

longior.

Parajlatides



APPENDIX.
Parajlatides decern, anteriores parvi ; poftremi magni,

pediformes articulo ultimo explanato in laminam ovali-

oblongam.

Pedes decern, duo primores cheliferi, carpis incraflatis,

reliqui fimplices; pares fecundi et tertii filiformes, graciles \

quarti et quinti crafliufculi,

Cauda thorace longior, fexarticulata ; articulis quinque.

anterioribus carinatis, carinis fpina antrorfum vergente

armatis ; articulus fextus fupra bicarinatus, muticus, ter-

minatusyo/zW/j quinque, articulis caudse longioribus ; in-

termedio lanceolato, acuto, porre(fl:o, craflb, fupra pla-

niufculo, quadricarinato carinis interioribus obfoletis,

fubtus concavo ; lateralibus ovali-oblongis, obtufis.

Neujleri decern (nulli fub articulo ultimo) duplicati t

FolioFis lanceolatis, ciliatis.

Obf. Specimina magnitudine variant, ab'a triuncialia,

alia feptem uncias longa.

Cancer Afnpulla^ macrourus, articularis, corpore ovalij

pedibus quatuordecim limplicibus, laminis

femorum poftici paris ovato-fubrotundis-

Tab. XII. Fig. 3.

This {ingular animal was alfo taken out of the ftomach

of the fame feal in which the two former were found ,-

Its place in the Syjiema Naturce is next to Cancer

Pulex,

Description,

igi
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Description.

Infedum ex ovali-oblongum, glabrum, pundulatum,

articulis quatuordecitn compofitum, quorum primus

capitis eft, feptem thoracem mentiuntur, et fex caudam

tegunt.

Capitis clypeus antice inter antennas in procefllim

conicum, acutum defcendit.

AnUnnce quatuor, fubulatse, articulatje, fimplices, cor-

pore decuple breviores.

Pedes quatuordecim, fimplices, ungulculati ; fejnora

poftremi paris poftice acuta, lamina dimidiato-fubrotunda,

Integra, magna, quatuor lineas longa.

Cauda foliata, foliolo unico brevi bifido : luacinlcB lan-

ceolatae, acutse.

Neujleri duodecim, duplicati, fubulati, pilis longis

ciliati, pofteriores retrorfum porrefti.

Ohf. Specimina magnitudine variant, uncialia et biun-

cialia erant.

Cancer nugax^ macrourus, articularis, pedibus quatuor-

decim fimplicibus, laminis femorum fex pofteriorum dila-

tatis fubiotundo-cordatis.

Tab. XII. Fig. -2. .

This animal, which has not before been defcribed,

fhould be inferted in the Sjjlema Natura near Cancer

Pulex
J

it was taken in the trawl near Moffen Ifland.

4 Description.
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Description.

Infedum oblongum, comprefliim, dorfo rotundatum,

glabrum, fefquiunciale, articulis quatuordecim compo-

iitum, quorum primus capitis eft, feptem thoracem men-

tiuntur, et fex caudam efficiunt.

Capitis Cljpeus finu obtufo antice pro antennis emar-

ginatus.

Antenna, quatuor, fubulatje, multiartlculatee jy^^/'mor^j

corpore fextuplo breviores, bifidae : articulo bafeos com-

muni, magno ; Ra?nulu5 interior exteriori duplo brevior.

Inferiores fimplices, fuperioribus duplo longiores.

Pedes quatuordecim, jQmplices, unguiculati, unguibus

parum incurvis. Femora fex pofteriora poftice auda.

Z.^;%!/;7^foliacea, fubrotundo-cordata, dimidiata, margine

Integra, magna, (tres lineas longa.)

Cauda apice foliata. FolioUs duobus, oblongis, obtuiis,

parvis.

Neujleri duodecim, dupiicati, lineari-Ianceolati, pofte-

riores retrorfum porredi, ut facile pro appendicibus cauda;

furaantur.

Cancer Fulex, Linn. Syjl. Nat. p. 1055. 81.

Taken up in the trawl along with the former.

G g V E R M E S»

»93
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VERMES.

SipuNCULUs Lendix^ corpore nudo cylindraceoj apertura

fubterminali. Tab. XIII. Fig. i.

Found adhering, by its fmall fnout, to the infide of

the inteftines of an Eider Duck. Mr. Hunter, who at

my requeft diffeded it, informed me that he had feen the

fame fpecies of animal adhering to the inteftines of

whales. -

Description.

Corpus croceum, fubcylindraceum, tres lineas longum,

craffitie pennze paflerinas, utraque extremitate parum at-

tenuatum, apice terminatum in RGjirum?LX\g\\^um corpore

quintuple brevlus, quo tunicis internis inteftinorum (ti^

affigit; prope alteram extremitatem Apertura (implex,

pro lubitu extenfibilis.

A. A piece of the inteftine, with the animals adhering

thereto.

B. One of the animals magnified.

C. The fame cut open.

AsciDiA gelatinofa. Linn. Sjyjl, Nat, 1087. 2.

Taken
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VERMES.

SiPUNCuLUs Lendix, corpore nudo cylindraceoj apertura

fubterminali. Tab. XIII. Fig. i.

Found adhering, by its fmall fnout, to the infide of

the inteftines of an Eider Duck. Mr. Hunter, who at

my requeft difleded it, informed me that he had feen the

fame fpecies of animal adhering to the inteftines of

whales.

De scription.

Corpus croceum, fubcylindraceum, tres lineas longum,

craffitie pennae pafferinse, utraque extremitate parum at-

tenuatum, apice terminatum in RGjirum2LX\gVi^Vim corpore

quintuplo brev.ius, quo tunicis internis inteftinorum fefe

affigit; prope alteram extremitatem Apertura fimplex,

pro lubitu extenfibilis.

A. A piece of the inteftine, with the animals adhering

thereto.

B. One of the animals magnified.

C. The fame cut open.

AsciDiA gelatinofa. Linn. Syjl. Nat, 1087. 2.

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

Spitibergen.

AsciDiA rujlica. Lwn. Syft. Nat. 1087. 5.

Taken up Hkewife in the trawl, on the North fide

of Spitfbergen.

Lernea branchialis. Linn, Syjl. Nat. 1092. i.

^Found in the gills of the Sea fnail mentioned before.

Cue helicina nuda corpore fpirali.

Martens Spltjhergen Rngltjhy p. 141. t. Q.

fig. e. Snail flime iifli.

Found in innumerable quantities throughout the -

Arflick feas.

Description.

Corpus magnitudine pifi, in fpiram ad inflar helicis

involutum.

Alee ovatce, obtufas, expanfas, corpore majores.

Clio Umacina nuda, corpore obconico.

The Sea May Fly. Marten s Spltjbergen

EnglijTo, p. 169. Tab. P, f. 5,

G g 2 This
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This little animal is found where the laft is, in equal

abundance, peopling as it were this almoft uninhabited

ocean. Marten fays that they are the chief food of the

whale-bdne whale ; and our fifhermen, who call them by

the name of whale food, are of the fame opinion.

Medusa capillata. Lin?z. Syji, Nat. 1097. ^*

Sea Blubber.

Taken up on the paffage home, about the latitude 65^

AsTEMAS pappoja. Lwn. Syft. Nat. 1098. 2.

Taken up on the North fide of Spitfbergen.

AsTERiAs ruhens. Lin'n. Syji. Nat. 1099. 3.

Sea Star.

Alfo taken up in the trawl on the North fide of

Spitfbergen.

AsTERiAs Ophiura. Linn. Syji. Nat. 1100. 11.

We likewife took this up in the trawl, on the North

fide of Spitfbergen.

As.TEiiiAs peSiinata. Linn. SyJl. Nat. 11 01. 14.

This, as well as all the refl of this^enus, Was taken up

in the trawl on the North fide of Spitfbergen.

Chiton
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Chiton ruber. Linn. Syjt. Nat. 1107. 7.

Coat of Mail Shell.

Taken In the trawl, on the North fide of Spitfbergen.

Lepas 1'intinnabulum. Linn. Syjl. Nat. 1168. 12.

Acorn Shell.

Was picked up on the beach of Smeerenberg harbour ;:

but as it is much worn and broken, it is impoffible to be

certain, whether it is a native of thofe feas, or has been,

brought there by accident.

. -MvA truncata. Linn* Syji^. Nat. 11 12. 26.

Likewife found on the beach in Smeerenberg harbour.

Mytilus rugofus. Linn. Syfl. Nat. 1156. 249.

Was found with the former on the beach at Smeerenberg.

BxJCCiNUM carinatum^ tefla oblongo-conica tranf-

verfim ftriata ; anfra6libus fuperioribus oblique obtufeque

multangulis; inferioribus unicarinatis»

Tab. XIII. Fig. 2.

Found on the beach at Smeerenberg harbour.

N. B. The fhell has been reverfed by a miftake of the

engraver.

Turbo

^917
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Turbo helicinus, tefta umbilicata convexa obtufa : an-

fradibus quatuor leevibus.

Taken up in the trawl, on the North fide of

Spitsbergen.

Serpula fpirorhis. Syfi. Nat. 1265. 794.

Found in plenty fticking to the Hones and dead fhells in

Smeerenberg harbour.

Berpula triquetra. "Linn. Syfi. Nat. 1265. 795.

Found with the laft adhering to dead fhells.

Sabella frujlulofa, tefta folitaria libera fimplici

curvata : fragmentis conchaceis fabulofifque.

Taken up in the trawl on the North fide of

Spitfbergen.

Description.

Vagina fpithamea vel longior, craffitie pennae anferinje,

undique teda fragmentis conchaceis faspe magniiudine

unguis, et fabulis magnitudine feminum cannabis.

MiLLEPORA polymorpha. Linn, Syji. Nat, 1285. 53.

Varietas rubra.

Pound thrown up on the beach at Smeerenberg harbour.

Cellefo-ra
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Q'ELL^vo'^^h pumicofa. Limt. Syjl. Nat. 1286. 56.

Found on the beach at Snieerenberg.

Synoicum turgens. Tab. XIIT. Fig. 3.

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

This animal is quite new to the Natural Hiftorians, and

fo different from the Zoophytes which have been hitherto

defcribed, that it may be confidered as a diftindt genus,

whofe characters are the following

:

Animalia nonnuUa, ex apice (iHguli ftirpis fefe ape-

rientia.

Stirpes plures, radicatae, carnofo-ftupofse, e baft com-^

muni ere<5t£e, cylindracese, apice regulariter pro anima-

libus pertufa?.

It fhould be inferted next to the Alcyonium, with

which it in fome particulars agrees, but differs from it

materially in having the openings for the animals only at

the top, and the animals themfelves not exferted like

polypes (Hydra) which is the cafe in the Alcyonium.

Description.

Stirpes plures, radicatae, carnofo-flupofffi, digitiformes,

cylindracere, fuperne paulo crailiores, obtufe, magni-

tudine digiti infantis, fuberedce, apice oriliciis nonnullis

perforata^, inferne dilatatas feu explanat^ in bafin com-

munem lapidibus adhserentem.

Orifcia

199
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Orlficia fex ad novem, ordine circulari plerumque dif-

poftta J
fub fingulo orificio cavitas longitudinalis, forfitan

fingulo animal i propria, in qua

] ^^ Faux angufta, brevis.

2^° Inujlinum inftar ilomachi dilatatum, oblongo-

ovatum, inferne forammihus duobus pertufum ; inter ilia

foramina aliud defcendit inteftinum, valde anguftum,

filiforme, arcum brevem formans.

Cavitas, quae per totam ftirpem longitudinaliter pro fin-

-gulo animali deorfum tendit, fuperne ab inteftinis vix dif-

tinda, infra ilia autem cylindrum exhibet granulis parvis

(forfitan ovulis) repletam.

A. Shews the animals adhering to a ftone.

B. One of the animals feparate, a little magnified,

C. The iame cut open lengthways.

D. The fame cut open acrofs.

Flvstra pikja, Linn, Syji. Nat. 1301. 3.

Found adhering to flones in Smeerenberg harbour.

VLXiBTBi\ membranacea. Linn, SyJl. Nat, 1301. 5.

Found with the laft mentioned fpecies.

P L A N T iE.

Agrostis algida panicula mutica contra6!ta, calycibus

breviffimis insqualibus.

2 This
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Orificia fex ad novem, ordine circulari plerumque dlf-

•poftta J
fub fingulo orificio cavitas longitudinalis, forfitan

fingulo animal i propria, in qua

J
mo Faux angufta, brevis.

2^° Inteflintim inftar Itomaclii dilatatum, oblongo-

ovatum, inferne foram'mibm duobus pertufum ; inter ilk
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C The fame cut open lengthways.
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Found adhering to flones in Smeerenberg harbour.
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P L A N T iE.
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2 This
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This fmall grafs, which has not before been known to

botanifts, may be inferted among the fpecies of Agrojlis

next to the minima.

Descr iption.

Gramen in CEefpitlbns nafcens.

Radix fibrofa, perennis.

Folia plurima radicalia, pauclilima caulina, glabra,

latiufcula, longitudine culmi, patula, bafi dilatata iri

vaginas laxas.

Culmi adfcendentesj glabri, fefquiunciales.

Panicula lineari-oblonga, contrafta, ftrifta, multiflora.

Calycis Gluma membranaceae,' albida;, glabra, muticse,

in^quales; exterior minutiflimaj ovata, obtufaj interior

oblonga, acuta, corolla quintuplo brevier.

Corollcz GlumcE oblongas, acutse, carinattC, muticasj

glabrae, iemilineares : exterior paulo longior.

Stamina tria.

Stigmata duo.

Semen unicum, oblongum, utrinque acuminatum, a

corolla liberum.

TiLL^A aquatica. Linn, Spec. Plaiit. i86. 2.

JuNcus campejlris, Linn. Spec. Plant. 468. 17.

H h Saxifraga
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SAXifRAGA oppojitifolia. Lin?2. Spec, Plant. 575. 18.

Saxifraga cernua. Linn. Spec. Plant. 577. 26.

Saxifraga rivularis, Linn. Spec. Plant. 577. 28,

Saxifraga cafpitofa. Linn. Spec. Plant. 578. 34,

Cerastium alpinum. Linn. Spec, Plant. 628. 8.

RANUNGULUsy/z/^/^^r^^^j, calycibus hirfutis, caule fub-

bifloroj petalis rotundatis, integerrimis, foliis inferioribus

fiiblobatis, fupremis multipartltis.

Ranunculus quartus^ Mart. Spitz, Engl. p. 58*-

T. T. F,-^.

Obf. Primo intuitu Rammculoglaciali ^\mA\\Tsx\3i^, differt

autem, quod Petala rotundata^ integerrima, intenfe lutea, •

fulgida ; et Folia minus fubdivifa
; fuperiora ii^-Bi^ laci-

niis obiongo4aneeolatis integerrimis ; infertora caulina

lata, plana, leviter triloba vel quadriloba.

This new plant fliould be inferted next \.o Ranunculus

glacialis.

CocHLEARiA Dantca. Linn. Spec. Plant, 903.-3.

Cocui.'s.AKiAGroenlandica. Linn. Spec. Plant, 904. 4;

^ALix herbacea. Linn. Spec. Plant. 1445. 16.

PoLYTRicHUM communc. Linn, Spec, Plant, JS73' ^•

Bryum
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Bryum Hypno'ides. Linn. Spec. Plant. 1584. as.

Befides thefe, there were two other kinds of Bryum,

the fpecies of which could not be determined, for want p£

the fruftification ; the one refembled Bryum trichoides

laete virens, &c. Dill. Mufc. 391, t. 50, f. 61 ; and the

other Bryum hypnoides pendulum, Dill. Muf. 394,

t. 50, F. 64, C.

Hypnum aduncum. Linn. Spec. Plant. 1592. 23.

JuNGERMANNiAyW(^C(?<7. Linn. spec. Plant. 1601. 20.

Another fpecies of Jungermannia was alfo found, but

without frudification ; it is not much unlike Lichenaftrum

ramoGus foliis trifidis. Dill. Mufc. 489, t. 70, f. 15.

Lichen ericetorum. Linn. Spec. Plant. 1608. 12.

'LicvL'E.'^ JJlajulicus. Linn. Spec. Plajit. i6ii. 29.

Lichen nivalis. Linn. Spec. Plant. 161 2. 30,

Lichen caninus. Linn. Spec. Plant. 1616. 48-.

hicHEN polyrrh'zos. Linn. Spec. Plain. 16 18. 57,

Lichen pyxidatus. Linn. Spec. Plant. 161 9. 60.

Lichen cornutnu Linn^ Spec. Plant, 16-20= 64.

H h 2 Lichen
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Lichen rangiferinus, Linn, Spec. Plant* 1620. 664-

LiCHEN globiferus, Linn, Mant, 133.

Lichen pafchalis, Linn, Spec. Plants 1621* 69,

Lichen chalyheijormis, Linn, Spec. Plant, 1623. 770,

Account
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Account of Do<9:or Irving's Method of obtaining frefli

Water from the Sea by Diftillation.

y\ S the method of rendering fait water frefli, by

"^ -^ diflillation, introduced by Dodor Irving into the

Royal Navy in the year 1770, and pradlifed in this voyage,,

is an objedt of the highell 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 vs^hich I was favoured by Dodlor

Irving himfelf.

" Previous to an account of this method of rendering

*' fea water frefli by diftillation, it may not be improper

** to give a fhort detail of the experiments which have

" been formerly made by others on this fubje6l ; pointing

" out at the fame time the feveral difadvantages attending

" their procefles, and the general caufes which obftru«5ted

" the delired fuccefs..

"Without entering into an account of the earlier expe-

" rimentSj it will be fufficient to take a view of fuch as

" have been profecuted with moft attention, for the

" laft forty years.

" The

205.:
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" The firft of thefe was the procefs of Mr. Appleby,

" publiflied by order of the Lords of the Admiralty, in the

" Gazette of June 2 2d, 1734. By the account of that

.
*' procefs it appears, that Mr. Appleby mixed with the

" fea water to be diftilled, a confiderable quantity of the

" Lapis Infemails and calcined bones. The highly un-

" palatable tafte of.the water, however, exclufive of the

" extreme difficulty, if not impoflibility, of reducing the

" procefs into pradice, prevented the further profecution

-" of this method.

" Another procefs for procuring frefli water at fea,

- " was afterwards publiflied by Doftor Butler. Inftead of

" the Lapis Infernalis and calcined bones, he propofed the

" ufe of foap leys; but though the ingredients werefome-

'* what varied, the water was liable to the fame objedions

^* as in the preceding experiment. Dodor Stephen

" Hales ufed powdered chalk ; and introduced ventila-

" tion, by blowing fhowers of air up through the diftil-

** ling water, by means of a double pair of bellows. It

'* was found by this method, that the quantity of frefh

** water obtained in a given time, was fomewhat greater

*' than what had been procured by the procefs of Mr.

*' Appleby. This invention, however, was fubje£t to

" feveral difadvantages. The air box which lay .on the

" bottom of the ftill, as well as the chalk, much ob-

" ftruded the adion of the fire upon the water, at the

" fame time that the boiHng heat of the latter was

** diminiflied
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« diminifhed by the ventilation : (o that more than double

" the ufual quantity of fuel was neceflary to produce the

** fame efFeft. Befides this method by no means improved

" the tafle of the water.

" The next who attempted any improvement was the

** learned Dodlor Lind, of Portfmouth. He diftilled fea

" water without the addition of any ingredients ; but as

*' the experiment he made was performed in a veflel con-

" taining only two quarts, with a glafs receiver, in his

" fhidy, nothing concluiive can be drawn from it for

"the ufe of fliipping. Indeed experiments of the like

"' kind had been made by the chemifts in their labora-

*'^ tories, for at leaft a century before.

" In the year 1 765, Mr. Hoffman introduced a Still of a

"new conftrudion, with ^.fecret ingredient
-^
btit the large

"• fpace which this machine occupied, being feven feet

" five inches by five feet eight inches, and, with its ap-

" paratus, fix feet feven inches high, made it extremely

"inconvenient: at the fame time that, on account of its

** {hallow form, the ufe of it was impradicabk during

"' any confiderable motion of the fhip. The water ob-

** tained, likewife, pofTefTed all the difadvantages common
" to the preceding methods,

" About
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^' About the fame time experiments were made with a

*=' ftill of the common conftrudion, and Mr. Dove's in-

" gredtent. This method was attended with no advan-

" tage over any that had been formerly ufed ; the diflilled

'* vi^ater was moft unpalatable; and the enormous fize of

"the apparatus, which occupied a fpace of thirteen feet

" feven inches by fix feet one inch, and fix feet five inches

" in height, rendered it impradicable on board fhips.

" An experiment was immediately afterwards made with

" the fame fl:ill without any ingredient ; the refult, how-

" ever, was uniformly a moft unpalatable tafte of the

- " water.

" About this period, alfo, M. PoifTonnier of Paris intro-

«' duced into the French marine a ftill, three feet fix

" inches long, two feet wide, and eighteen inches deep.

" A portion of the chimney paffed through the upper

" part of the flill, much in the fame manner as that of

*' Mr. Hoffman : thefe gentlemen fuppofed that by this

" means they fhould fave fuel. The^ mouth of M.

*' Poiffonnier's ftill was .thirteen inches wide, on which he

" placed a tin plate, pierced like a cullender, with thirty-

" feven holes of fix lines diameter each ; to thefe were

^' fixed tin pipes, of the fame bore and feven inches long,

" terminating within the flill-head. The intention of

** this contrivance is to prevent any of the water in the

*' flill from pafling over into the worm, while the fhip

" is in confiderable motion.

4 '*In
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" In every other refpecft M. Poiffonnier employs

" a ftill-head, worm-pipe, and worm-tub, with all its

" ufual apparatus; and he diredls iix ounces of fojftl

*' alcali to be mixed with the fea water at each dilHlla-

*' tion, to prevent the acid of the Magnefia fait from

" rifing with the vapour, when fait begins to form on the

" bottom of the ftill. It is probable that in M.
" PoilTonnier's Hill, which was even more fhallow in its

" form than Mr. Hoffman's, fome of the v/ater might be

" thrown up toward the worm ; in which cafe the pierced

*' plate with pipes might be of fome fervice in breaking the

*' direction of the water. But by Doctor Irving's tube

" this inconvenience is entirely prevented, as experience

" fully evinceSj viz. in a voyage to Falkland's Iflands,

" where it has been ufed in dirtillation every day; in

" feveral voyages to the Eaft Indies ; and in this voyage, as

*' is mentioned in the Journal.

" M. FoilTonnier, in correcting this error in the

" conftru£lion of his IHII, has introduced another of the

*' mofl: capital nature in diflillation. For by means of

*' the pipe-cullender, the vapour will meet with the

" greateft refiftance to its afcent, which will retard the

*' progrefs of diftillation in a very high degree, and

" increafe the Efnpyreiwia.

*' From all the experiments abovementioned, it

*' is evident, that no method had hitherto been

" invented of making fea-water frefli, which was

I i " not
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** not attended with fuch inconveniences as rendered

" the feveral proceffes of fcarce any utiHty. The defeds

" of the various methods above enumerated, may be re-

'* duced to the following heads

:

" I. The fmall quantity of water produced by the

" ordinary methods of diftillation with a ftill-head, and

*' worm, could never be adequate to the purpofes of

" ihipping, though the apparatus fliould be kept in con-

" ftant ufe ; and at the fame time, this mode of diftilla-

^' tion required a quantity of fuel, which would occupy

'^ greater fpace than might be fufficient for the ftowage

" of water.

" 2. h Jiill-hurnt tafle, which always accompanies this

" method of diftillation, and renders the water extremely

" unpalatable,^ exciting heat and thirft, if drank when
*' recently diftilled.

" 3. A total ignorance with refped to the proper time

" of flopping the diftillation, whereby fak was permitted

** to form on the bottom of the boiler ; which burning,

" and corroding the copper, decompofed the felenitic and

" magnefia falts, caufing their acids to afcend with the

*' vapour, and act on the ftill-head and worm pipe, im-

** pregnating the water with metallic falts of the moft per-^

" nicious quality.

" 4. The fpace occupied by the fiill, ftill-head, and

" worm-tub, renders the ufe of them in moft cafes totally

" impraOiicable on board ftiips. Add to this, their wearhig

*' out io faft oOi account of the caufes above merktioned^

" the
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" the great expence of the apparatus, with the hazard of

" the ftill-head being blown ofF, and the inconveniences

" thence arifing.

" 5. The life of ingredients, which though omitted in

" fome experiments in fmall, were neverthelefs erro-

*' neoufly confidered as effential to the making fea-water

*' fweet and palatable by dittillation.

" 6. The inconvenience of a cumberfome apparatus,

" calculated only to be eventually ufeful in unexpeded

" diftrefs for water, but conftantly occupying a great deal

*' of room in a lliip, too neceflary for the ordinary pur-

*' pofes to be fpared for that obje£t.

" Having fpecified the principal defects of the feveral

*' methods hitherto propofed for making fea water frefh,

*' it will be proper before ftating the advantages of Doftor

" Irving's method, to confider briefly the principles of

" diftillation in general, and the chemical analyfis of

" fea water,

" Water, in an exhaufted receiver, rifes in vapour more
** copioufly at 180° of Fahrenheit's thermometer, than in

" the open air at 212°, which may be confidered as its^

** boiling point.

" It therefore follows, that any compreflion upon the

*' boiling fluid checks the vapour in riling, and confe-

** quently diminifhes the quantity of water obtained. This

" is clearly examplified in the fleam-engine, where the

I i 2 " confumption
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" confumption of water in the boiler is very inconfider-

'* able, in coraparifon to what would happen if the

" compreflion arifing from the throat-pipe and valve of

" that machine was taken off, and the preflure of the

" atmofphere only admitted. But by the reftraint of that

" valve, the vapour becomes hotter, and increafes in

" rarity and elafticity ;
quaUties efiential to the purpofes

" of the engine, although the reverfe of thofe which

" ought to take place in common diftillation. For the

" columns of vapour fhould be removed from the boihng

" fluid as faft: as they afcend, without fuffering any other

" refiftance than that of the atmofphere, which, in the

" ordinary bufinefs of diftillation, cannot be prevented.

" The impropriety of the common procefs of diftillation,

" will appear evident by comparing it with the above

" principles and facls.

" In the common method of diftillation, the whole

" column of vapour from a ftill of whatever ftze, after

*' afcending to the ftill- head, muft not only find its paflage

" through a pipe of fcarce an inch and half diameter ; but

" defcend contrary to its fpecific gravity through air

" which is fifteen times its weight, in fpiral convolutions:

** a courfe fo extremely ill adapted to the progrefs of an

" elaftic vapour, that frequently the ftill-head is blown off

" with incredible violence, owing to the increafed heat

Q " and
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*' and elafticity of the vapour confined by this conftru£tIon.

" In the mean time, the external furface of the pipe

" communicates heat to the water in contaQ with it,

*' which, inftead of being entirely carried off, mixes with

" the furrounding fluid, and heats the whole, rendering

" it unht for condenfing the vapour within; efpecially

*' when it is confidered that the fubftance of the pipe is at

" leaft a quarter of an inch thick.

" From what has been faid, it is plain, that the quan-

" tity of diftilled water will be leilened in proportion to

*' the refiftance made to the afcent of the vapour, while

" the difficulty of condenfation will be greatly augmented,

" in confequence of the increafed heat and elafticity of

*' the vapour. But thefe difadvantages, however great,

" refpeding the mode of diltillation, give rife to another

" evil of a ftill more important nature, as affefting the

" diftilled fluid with a noxious bu?yit tajie or eTnpyreuma\

" occafloned by the vapour, highly heated, paffing over

" fo much furface of metal, viz. the ftill-head, crane-neck,

" and a pipe of fix or feven feet in length, before it reaches

''^ the water in the worm tub..

'* Having difcufled the fubjed of diftillatlon, we come.

^' now to treat of the chemical analyfis of fea water.

" Sea-water,.

213



214- APPENDIX.
" Sea- water contains chiefly a neutral fait, compofed of

*' foffil alcali and marine acid. It likewife contains a fait

*' which has magnefia for its baGs, and the fame acid.

*' Thefe two falts are blended together in our common
" fait in England, which is prepared by quick boiling

'^' down fea water. But when the procefs is carried on by

" the fun, or a flow heat, they may be colleded fepa-

*' rately ; that Which has the foffil alcali for its bafls

" cryftallizing firfl: ; and this is of a vaftly fuperior quality

" for preferving meat, and for the other culinary pur-

" pofes. The mother liquor now remaining, being

*' evaporated^ affords a vitriolic magnefia fait, which in

" England is manufactured in large quantities, under the

" name of Epfom fait.

" Beddes thefe falts, which are objeds of trade, fea-

" water contains a felenitic fait, a little true Glauber's fait,

" often a little nitre, and always a quantity of gypfeous

** earth fufpended by means of fixed air,

*' The fpecific gravity of fea-water to that of pure dif-

" tilled water, is at the Nore as looo to 1024,6; in the

" North fea as 1000 to 1028,02.

" The quantity of fait obtained by boiling fea-water in

** different latitudes, from 51° 30' to 8o°,43 N. L. is in-

''* ferted in a table in the former part of this Appendix:.

" Sea-water,
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" Sea-water, when boiled down to a ftrong brine, admits

" with difficulty the feparation of frefh water from it; the

•* dift illation becoming flower as the ftrength of the brine

" increafes, fo that a greater quantity of fuel is confumed

" in procuring a fmaller portion of water, and this like-

" wife of a bad quality. From this effential circumftance

" arifes the neceflity of letting out the brine by the cock

" of the boiler, when the diftillation is advanced to a

" certain degree ; and of adding more fea-water to con-

" tinue the procefs if required.

'^ The defe(£ts of the feveral fchemes formerly propofed for

^ rendering fea-water frefh being pointed out, the general

" principles of diftillation explained, and the component

" parts of fea-water analytically examined ; the advan-

" tages of the method invented by Do£tor Irving remain

" to be ftated, which may be reduced to the following:

'* I. The abolifhing all ftiils, ftill heads, worm pipes,

*' and their tubs, which occupy fo much fpace as to

*' render them totally incompatible with the neceiTary

** bufinefs of the fhip; and ufing in the room of thefe,

" the fhip's kettle or boiler, to the top whereof may oc-

" calional'y be applied a (imple tube, which can be ealily-

" made on board a veflel at fea, of iron plate, ftove

*' funnel, or tin fheet; fo that no fituation can prevent a

" fhip horn being completely fuppl led with the means of

" diftilling fea-water.

«*- 2. In
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*' 2. In confequence of the principles of diftillation

** being fully afcertained, the contrivance of the {impleft

" means of obtaining the greateft quantity of diftilled

•*' water, by making the tube fufficiently large, to receive

" the whole column of vapour; and placing it nearly in a

" horizontal diredion to prevent any compreflion of the

" fluid, which takes place fo much with the common
^* worm.

" 3. The adopting the fimplefl: and moft efEcacious

*^ means of condenfing vapour ; for nothing more is re-

" quired in the diftillation but keeping the furface of the

** tube always wet ; which is done by having fome fea-

". water at hand, and a perfon to dip a mop or fwab into

" this water, and pafs it along the upper furface of the

" tube. By this operation the vapour contained in the

^* tube will be entirely condenfed with the greateft rapi-

" dity imaginable ; for by the application of the wet mop
" thin fheets of water are uniformly fpread, and mechani-

" cally preffed upon the furface of the hot tube ; which

" being converted into vapour, make way for a fucceffion

" of freih fheets; and thus both by the evaporation and

" clofe contact of the cold water conftantly repeated, the

*' heat is carried off more effedually than by any other

'' method yet known.

" 4. The carrying on the diftillation without any addi-

" tion, a corre6t chemical analyfts of fea water having

^' evinced the futility of m^ixing ingredients with it, either

*-^ to prevent an acid from riling with the vapour, or to

" deftroy
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** deftroy any bituminous oil fuppofed to exift in fea

" water, and to contaminate the diftilled water, giving it

" that fiery unpalatable tafte infeparable from the former

** procefles.

" 5. The afcertaining the proper quantity of fea water

" that ought to be diftilled, whereby the frefli water is

" prevented from contrafting a noxious impregnation of

** metallic falts, and the veflel from being corroded and

" otherwife damaged by the falts caking on the bottom

« of it.

" 6. The producing a quantity of fweet and wholefome

*' water, perfedlly agreeable to the tafte, and fufficient

** for all the purpofes of fhipping.

" 7. The taking advantage of the dreffing the {hip's

" provifions, fo as to diftil a very confiderable quantity

*' of water from the vapour which would otherwife be

*^ loft, without any addition of fuel.

*' To fum up the merits of this method in a few

'* words

:

" The ufe of a fimple tube, of the moft eafy con-

*' flrudtion, applicable to any {hip's kettle. The rejefting

** all ino-redients. Afcertaining the proportion of water to

" be diftilled, with every advantage of quality, faving of

" fuel, and prefervation of boilers. The obtaining frefli

** water, wholefome,j)alatable, and in fufficient quantities.

K k Taking
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" Taking advantage of the vapour which afecnds in the

" kettle while the (hips provifions are boiling..

" All thefe advantages are obtained by the abovemen^

" tioned (imple addition to the Gommon fhip's kettles.

*' But Dodlor Irving propofes to introduce two further

" improvements.

" The firfl is a hearth, or. ftove, fo conftruded, that the

" fire which is kept up the whole day for the common
" bufinefs of the Ihip, ferv.es likewlfe' for diliillation

;

" whrcreby a fuffkient quantity of water for all the oecono"

" mical purpofes of the fhip may be obtained, with. a.very

" ineonfiderahle addition to the expence of fuel..

"The other improvement is that of fubftituting, even

*' in the largeft fhips^, caft-iron boilers, of a new coru

*^ ftrudion, in the place of coppers."

Directions for Dis^tilling SeatWater-

" As fbon as fea-water i& put into the boiler, the tube

** is to be fitted either into the top or lid, round which,^

" if neceflary, a bit of wet linen may be applied, to

" make it fit clofe to the mouth of the veflel ; there will

" be
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" be no occafion for luting, as the tube afts like a funnel

" in carrying off the vapour.

*' When the water begins to boil, the vapour fhould

** be allowed to pafs freely for a minute, which will

" effedually clean the tube and upper part of the boiler,

" The tube is afterwards to be kept conftantly wet, by
*' palling a mop or fwab, dipped in fea-water, along its

" upper furface. The wafte water running from the mop,
** may be carried off by means of a board, made like a

** fpout, and placed beneath the tube.

" The diftillation 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 meafuring the water diftilled. The brine is then

"to be let out.

*' Water may be diftilled in the fame manner while the

" provifions are boiling.

*' When the tube is made on (hore, the beft fubftance

" for the purpofe is thin copper well tinned, this being

** more durable in long voyages than tin plates.

" Inftead of mopping, the tube, if required, may have

•* a cafe made alio of copper, fo much larger in diameter

** as to admit a thin {heet of water to circulate between

K k 2 " them
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" them, by means of a fpiral copper thread, with a pipe

*' of an inch diameter at each end of the cafe ; the

" lower for receiving cold water, and the upper for

" carrying it off when heated.

" When only a very fmall portion of room can be

" conveniently allowed for diilillation, the machine

" (N° 2. in the Plate), which is only twenty-feven inches

" long, may be fubflituted, as was done in this voyage,

** The principal intention of this machine, however, is to

** diftil rum and other liquors ; for which purpofe it has

" been employed with extraordinary fuccefs, in preventing

" an empyreuma-i ox fiery tafte."

Explanation of Plate XIV.

** Figure i, reprefents in perfpedive a fedlion of the

*' two boilers taken out of the frame. In the back

" part at D, E, are feen openings for the cocks. On
" the top is a diftilling tube A, B, C, five inches dia-

" meter at A, and decreafing in fize to three inches at C;
* the length from B to C is five feet. Near C is a ring

" to prevent the water which is applied to the furface

** from mixing with the diftilled water. In the infide of

" the tube, below B, is a fmall lip or ledging, to hinder

" the diftil led water from returning into the boiler by the

" rolling of the fhip.

In
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" In figure 2, A, B, C, D, reprefent a vertical feaion

" of a copper box, twenty-feven inches long, feven inches

" wide, and eleven in height, tinned on the infide. In

" the bottom F, is an aperture about fix inches in diameter,

'' having a ring to fit on the ftill or boiler. The dotted

" lines which run nearly horizontal, are vefTels of thin

" copper, tinned on the outfide, two feet long, feven

" inches wide, and three quarters of an inch deep. At

" G is a funnel to receive cold water, which is conveyed

" into the vefTels by communicating pipes, contrived in

« fuch a manner as to form a complete and quick circu-

** lation of the water through their whole extent. When
** the water is become hot by the adion of the fleam, it

" is difcharged by the horizontal pipe at A. E is a pipe

" from which the diftilled water or fpirits run, and is bent

" in fuch a form, that the liquor, running from it, aSs

" as a valve, and hinders any fteam from efcaping that

" way. On the top of the box, at H, is a fafety-valve,

" which prevents any danger from a great accumulation

" of vapour, not condenfed for want of a proper fupply

" of cpld water."

Account
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Account of the Astronomical Observations and

Time-Keepers, by Mr. Lyons.

«' rnr^HE obfervatlons for finding the time at fea, we^e

" -^ taken with a brafs Hadley's Sextant of eighteen

" inches radius, made by Dollond; and fometimes by

'* Captain Phipps, with a fraaller of four inches radius,

" made by Ramfden, which commonly agreed with the

*' other within a minute. The error of the fextant

" was o-enerally found by obferving the diameter of the

" Sun ; which if the fame as double the femidiameter

" fet down in the Nautical Almanac, fliewed that the

" inftrument was perfedly adjufted ; if it differed, the

<' difference was the error of the fextant. It was necef-

*' fary to know this error of adjuftment very exactly,

*' and therefore I generally repeated the obfervation of

" the Sun's diameter feveral times, and from the mean

" of the refult found the error of tjie fextant. This error

" will equally affeO: all the obfervations taken near

*' the fame time, and therefore cannot be difcovered

*' from the comparifon of feveral obfervations. Under

<' the equator, an error of one minute in altitude, near

" the prime vertical, will only produce an error of

-*' four feconds in the apparent time ; but in the latitude

of
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Accouwr of the Astronomical Observations and

Time-Keepers, by Mr. Lyons.

«' nr^H E obfervations for finding the time at fea, wese

" -*- taken with a brafs Hadley's Sextant of eighteen

" inches radius, made by Dollond; and fometimes by

" Captain Phipps, with a fraaller of four inches radius,

" made by Ramfden, which commonly agreed with the

*' other within a minute. The error of the fextant

" was generally found by obferving the diameter of the

"Sun; which if the fame as double the femidiameter

" fet down in the Nautical Almanac, fhewed that the

" inftrument was perfedlly adjufted ; if it differed, the

" difference was the error of the fextant. It was necef-

*' fary to know this error of adjuftment very exadly,

*' and therefore I generally repeated the obfervation of

" the Sun's diameter feveral times, and from the mean

" of the refult found the error of t}ie fextant. This error

" will equally affeQ: all the obfervations taken near

*' the fame time, and therefore cannot be difcovered

<' from the comparifon of feveral obfervations. Under

*' the equator, an error of one minute in altitude, near

*' the prime vertical, will only produce an error of

"*' four feconds in the apparent time ; but in the latitude

of
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** of eighty degrees it will caufe an error of twenty-three

" feconds. As we generally took feveral fucceflive ob-
*< fervationsj any error in the obfervation itfelf will be

" generally independent of the reft; and as I have calcu-

" lated each feparately, the conclufions will fhew which
" are erroneous, by their differing much from trhe mean
" of all, which cannot but be very near the truth.

**In calculating thefe obfervatlons, I found by the

" logboard how much we had altered our latitude fmce

" the lafl; obfervation; and fometimes, when we had

" an obfervation the noon following the obfervation

" for the time, the latitude of the fhip at the time

" the altitudes were taken was inferred from it. As moft
•* of our altitudes were, obferved when the fun was near

** the prime vertical, a fmall error in the latitude wiH
" not produce any confiderable change in the time;

"indeed, if it is exaftly in the prime vertical, it will not

" make any change at all.

** To find the Longitude from thefe obfervations : 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 meaa time.

.

" CaptaiB-

.

223
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" Captain Phipps's pocket watch, made by Mr.

" Arnold, when compared with the regulator at Green-

" wich. May 26th, was twenty-four feconds too flow;

" it was there found to lofe twelve feconds and a quarter

" a day on mean time. From this it is eafy to find

*' what time it is at Greenwich at any moment fhewn by

" the watch.

"The watch was compared every day about noon

" with the two time-keepers made by MelT. Arnold and

*' Kendal; and from this comparifon, and their rates of

^' go^"g previoully fettled at Greenwich, together with

^' knowing how much they differed from mean time at

^' Greenwich before we fet out, was calculated the table

" which fliews what the mean time is at Greenwich

^' according to each time-keeper, when the watch is at

** twelve hours.

" By the help of this table, we may eafily find the

*' longitude of the fliip, as deduced from the going

*' of each time-keeper. Having found how much the

" watch is too faft or too flow for mean time at the

" fliip, we know what the mean time is at the fliip

" when the watch is at twelve hours ; and by the table

^' we can find what is the mean time at Greenwich at

" the fame time, fuppofing each time-keeper had kept

** the fame rate of going as it had before our departure:

4 the
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"the difference of thefe mean times will give the longi-

" tude of the fhip.

" For example, June 19th, in the afternoon, the

' watch was i' 24" too flow for mean time at the place

' where we obferved ; therefore, when the watch fhews

' twelve hours, the mean time at this place was 12^1' 24".

' At this time I find by the table, that according to

' Kendal's time-keeper, the mean time at Greenwich was

* 12'"' 2' 7": from this fubtradling 12'' i' 24", the mean
' time at the Ihip, the remainder, o' 43" is the difference

* of meridians ; which, converted into parts of a degree,

' gives 0° 10' 45'' for the longitude of the fhip according

' to Kendal, which is to the Weftward, becaufe the mean
' time at the fliip is lefs than that at Greenwich.

*' When we were on fliore, the obfervations were

" made with an Aftronomical Quadrant, divided by Mr.

" Ramfden, of eighteen inches radius, which was

*' placed on a folid rock of marble; the error of the line

*' of collimatlon was found by inverting the quadrant,

*' which was adjufled by a fpirit level. The weather did

*' not permit us to take correfponding altitudes of the

" Sun, fo that we determined the apparent time by com-

" putation from altitudes of the Sun's limb; having before

" fettled the latitude of the place of obfervation, from

" meridian altitudes of the Sun's limbs taken with

" the fame inftrument.

L 1 « The
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^« The Latitudes of the (hip were determined moft com-

" monly by the meridian altitude of the Sun's lower limb

;

" in a few inttances, by that of his upper limb, when the

*^ lower was not Co diftincft, or was hid by clouds. The

" heio-ht of the eye above the level of the fea, in all thefe

" obfervations, was fixteen feet. When we could not get

" a meridian obfervation, we made ufe of the method

" defcribed in the Nautical Almanac for 177 1, from two

" altitudes taken about noon, and at a little diftance from it.

" It fometimes happens that we can only take fome

" altitudes very near the time of noon. If we have

*' obferved any altitudes of the Sun near the prime vertical,

" we may thence determine how much the watch is too

** faft or too flow for apparent time ; and confequently,

" how much the time when the altitudes were taken, is

" diftant from noon; it therefore remains to find how

«' much thefe altitudes are different from the meridian

*' altitude. This may eafily be found by the following

'' Rule

:

'

" To the logarithm of the fifing, taken out of the

" tables in the Nautical Almanac for 1771, add the com-

" plement arithmetical of the logarithmic cofine of the

*' fuppofed meridian altitude ; from the fum (the index

" beincr increafed by five) fubtracl 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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"EXAMPLE. I.

" June the twenty-firfl-, the altitude of the Sun's center

was obferved to be 46° 6' at 16' 45" after apparent noon j

the latitude by account was 67° 17'; theSun's declination

being then 23° 28' N, the fuppofed meridian altitude

46° 11'.

Suppofed Latitude 67" 1
7' Co. Ar. Cof. 0,41322. Rifing 16' 45" . . 2,42643

Sun's declination 23 28 Co. Ar. Cof. 0,03749. SuppofedMer. Alt. Ar. Co. Cof. 0,15967

227

" Log. Ratio 0,45071
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" Suppofe the latitude by account was 68° 17', a degree

" greater than before.

5-

«• Suppofed Latitude 68° 17' Cof. Co. Ar. 0,43178 Rifing 16' 45" - - 2,42643

"Declination 23 28 0,03749 SuppofedMer. Alt. 45. 11. Cof.Co.Ar, 0,1^191

7557834
*• Log. Ratio 0,46927 ... 0,46927

" The change in the Sun's Altitude is 0° 4' 25" - - Sine 7,10907

" Obferved Altitude 46 6

" Meridian Altitude 46 10 25

" Declination 23 z8

" Altitude of the Equator 22 42 25

"Latitude 67 17 ^5 which only differs thirty-five feconds

*' from tiie true latitude we found before.

"EXAMPLE II.

*' June the twentieth, the altitude of the Sun's center

" was obferved o^^ 28' 38" after midnight, to be 1° 13', the

*' latitude by account being 67° 40' N.

5-

«' Sufgpqfed Latitvide 67° 40' Cof. Co. Ar. 0,42022 Riling z8' 38" - 2,89380

•'Declination 23 28 0)03749 Suppofed Mer.AIt. 1° 8'Cof.Co.Ar.o,oooor

7,89381
" Log. Ratio 0,45771 - - - 0,45771

" Change in the Alritude — 0° 9' - ~ - Sine 7,43610

"Obferved Altitude 1 13

Meridian Altitude 1 4
'• Co-Declination 66 32

" Latitude 67 36 N
" There
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" There were two time-keepers fentout 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 gimmals, but Mr. Kendal's was

*' laid between two cu(hions 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 captain, of another by

" the firft lieutenant, and of the third by myfelf ; they

" were wound up each day foon afternoon, and compared

" v.'ith each other and with Captain Phipps's watch. They
" ftopped twice in the voyage, owing to their being run

" down; they were fet a-going again, and as they had been

** daily compared together, it was eafy to know how
" long each had flopped, from the others that were Hill

'* going ; this time is allowed for in the table of the mean
^^ time at Greenwich by each time-keeper.

" Vv'hen we were on fhore at the ifland where we oh-

" ferved July 15th, we found how much the watch was too

" flow for mean time. When we returned from the ice to

*' Smeerenberg, and again compared the watch with the

** mean time, allowing the fmall 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 : fo that its rate of going was nearly the

*' fame in our run from England to the ifland, from thence

" to the ice and back again to Smeerenberg, and in our

3
" voyage.

229
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*' voyage from thence to England, as we found on our

« return. By this means we were induced 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 conftruded, as

" I am informed by the maker, Mr. Arnold, are thefe : the

" balance is unconne£led with the wheel-work, except at

*' the time it receives the impulfe to make it continue its

*' motion, which is only while it vibrates io°out of 380°,

" which is the whole vibration ; and during this fmall

" interval it has little or no frifliion, 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 conftrudion go whilfl they are wound
" up ; they keep the fame rate of going in every portion,

" and are not affected by the different forces of the fpring

:

" the compenfation for heat and cold is abfolutely ad-

*' juflable.

*' Time-keepers of this fize are more convenient than

" larger, on feveral accounts; they are equally portable

" with a pocket watch, and by being kept nearly in the

" fame degree of heat, fuffer very little or no change from

** the viciflitudes of the weather.

« This
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" This watch was exceedingly ufeful to us in our obfer-

" vations on land, as the other time-keepers could not

" fafely be moved : and indeed, in the prefent voyage,

" where they were on trial, it was contrary to the intent

" for which they were put on board, and might have been

" attended with accidents by which the rate of their going

" might have been greatly aileded.

" The longitudes by Mr. Arnold's larger time-keeper

" are very different from thofe by the watch in our voyage

** back from Spitfbergen to England ; owing, probably, to

" the balance-fpring being rufted, as we found when it

*' was opened at the Royal Obfervatory at Greenwich,

" on our return.

" The longitudes found by the Moon are deduced from'

" diftances of the Moon from the Sun's limbs, or from

" Stars, taken with the fextant j whilft the altitudes of

" the Moon and Sun, or Star, were taken by two other.

" obfervers.

" In one inftance (June 26th) the obfervations were a\Y

" made by Captain Phipps with the fmall fextant fuc-

*' ceffively ; and the altitudes of the Moon and Sun at the

" very inftant the diftances were obferved, are deduced

" from the changes in thefe altitudes during the interval

" of obfervation.

'* I have

231
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" I have calculated the longnude from each fet of

" obfervations feparately, to fhew how near they agree

" with each other, and what degree of precifion one

^* may exped in jQmilar cafes.

" Obfervations of the diftances of the Moon and Sun, or

^' Stars, may be ufeful to inform us if the time-keepers

*' have fufFered any coniiderable change in their rate of

'*' going. For if the longitude deduced from the moon
" differs above two degrees from that found by the

" watches, it is reafonable to imagine, that this difference

" is owing to fome fault in the watch, as the longitude

" found by lunar obfervations can hardly vary this

" quantity from the truth : but if the difference is much
" lefs, as about half a degree, it is more probable that the

'• watch is right, fince a fmall error in the diftance will

" produce this difference.

" The diftances of the Moon from Jupiter were ob-

" ferved, becaufe Jupiter is a very bright objed; and the

*' obfervations are eafier and lefs fallacious, particularly

" that of the altitude, than thofe of a fixed ftar, whofe

*' light is much fainter. This method, however, requires

*' a different form of calculation, from that of the obferved

" diftance of the Moon from a fixed ftar, whofe diftances

** are computed for every three hours, in the Nautical

" Almanac. The principal difficulty in the calculation

" is to find the Moon's longitude from the oblervation of

« the
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" the dlftance. This I have endeavoured to faciHtate 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 R O B L E M.

" Having given the diftance of two obje£ls near the

" ecliptic, with their latitudes, to find their difference of

" longitude.

"SOLUTION.
" Find an arc A, whofe logarithmic fine is the fum of

" the logarithms of the fines of the two latitudes and the

*' logarithmic tangent of half tlte diftance, rejeding twenty

" from the index of the fum.

" Find an arc B, whofe logarithmic fine is the fum of

" the logarithmic verfcd fine of the difference of latitude,

" and the logarithmic cotangent of the diftance, rejeding

" ten from the index of the fum.

" Then A added to the obferved diftance, and B fub-

" tra£led 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 fubtradled from the

*' diftance, leaves the difference of longitude.

Mm "EXAMPLE.

23,
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" E X A AI P L E.

" Auguft the thirty-firft, the obferved diftance of the

" Moon's center from Jupiter, cleared of refrafliion and

" parallax, was 32° 35' 52", the Moon's latitude being

" 1° 47' N, and that of Jupiter 1° 36' S.

"Latitude D 1° 47' Sine 8,4930 Difference of Latitude, 3" 23' Vers. Sin. 7,2413

" Lat. !(: - I 36 Sine 8,4459

«* Half diilance 16 18 Tang. 9,4660 Dlllnnce 32 36 Cotang. 10,1941

" Arc A. o' 52"- - - Sine ^'6,4049 Arc B. 9' 23" ... 5111617,4354

The fum of thefe Arcs — 10' 1
7" Subtrafted from

" the diflance - 32° 35 52

"leaves 31 25 35 the difference of Longitude betu'cen the Moon and Jupiter»

" Knowing the longitude of Jupiter from the Ephe-

•' meris, and the difference between it and that of the

" Moon, we may infer the longitude of the Moon by

" obfervation : and from the longitudes fet down for

" noon and midnight of each day in the Nautical

*' Almanac, find the apparent time at Greenwich when
*' the Moon had tliat longitude^ which compared with

" the apparent time at the Ship, will give the difference

" of meridians.

A Table
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A Table fhevving what
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Obfervatlons for finding the Longitude by the Time-keepers.

Muy 30, P. M. off Sheeniefs.

Time by
the

Watch.

5 48 4^

5 S3 I-

Alt. of the
I

Alt. of the I Apparent

Sun's lower Spin's I
Time,

Limb.
I

Center.

17 46
17 14
16 57

'7 55
1'7 23

S 53 47

5 57 25

5 59 'o

Mean
Time.

5 50 57

5 54 35

5 56 20

Watch
too

flow.

2 I I

5 23

3 8

Mean of the

two lall,

3' 15"

Ec]. Time 2'

—

§0"

.-\t 1 2'' by the Watch, mean Time at the Ship, iz 3 15

it Greenwich, by the Waicii,

Difference of Meridians,

Longitude of the Ship^

15 12 3 15

12 I 13 by Arnold, 12 o 27 by Kendal, 11 59 49

0° 30' 30" E.
48

o" 42. o

o 3 26

o' s i' 30'

June 4, A. M.

Time by Alt. of the

the

Watch.

9 44 15

9 47 30

9 50 o

Sun's lower

Limb.

Alt. of the

Sun's

Center.

51 47 30 5' 5^ 30

j;2 8 o k2 17 o

52 27 30 I52 36 30

Apparent
Time.

9 52 4+
9 55 32

9 58 16

Mean
Time.

9 SO 37

9 53 25

9 56 9

Watch
t'lO

flow.

6. 22

5 55
6 9

At 12'^ by the Watch, mean Time at the Ship, 12 6 9

Mean 6' 9"

12 6

Eq. Time 2'— 7''

At Greenwich, by the Watch,,

Difference of Meridians,

Longitude of the Ship,

12 2 15 by Arnold, 12 1 16 by Kendal, 12 o 25

o 3 54
0° 58' 30" E

o 4 53
1° 13', 15"

o 5 44
1° 26' o'

June 6, A. M.

Time by
the

Watch.

9 49 15

9 5' 'o

9 5^ 45

Alt. of I he
I

Alt. of the

Sun's lower Sun's

1-imb. Center.

52 25 o

5^ 38 45
5= 5' 30

52 33 5°

52 46 3S

53 o zo

Apparent

I'ime.

9 59 43
10 141
io 3 43

Mea
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Obfervations for finding the Longitude by the Time-keepers.

June 8, A. M.

Time by
the

Watch.

9 28

10 54

Alt. of the

Sun's lower

Limb.

48 48

57 10

Alt. of the

Sun's

Center.

48 56 4;

57 19 o

Apparent
Time.

9 35 II

Mean
Time.

9 33 45
II I 19I10 59 5^

Watch
too

ilow.

S 4i
S 54

Mean 5 49'
Eq. Time

At 12*' by the Watch, mean Time at the Ship, 12 5 49 . . . .12 C 49 .

At Greenwich, by the Watch, 12 5 4 by Arnold, 1 2 • 2 b by Kemlai.

Difference of Meridians, o 2 45'

Longitude of the Ship, 0° 41' 15" E
o 3 41

5S' 'i'"

1'—
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Obfervations fof finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time-keepers.

June 15, A. M.

Time by

Arnold!



2 4*^
APPENDIX.

i

Obfervatlons for finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time-keepers.

June 25, A. M.

Time by
Arnold.

i8 27
o 40
2 58

3 S^
4 58

5 42

Alt. of the

Sun's lower

Limb.

32 3: o

32 36 15

32 42 30
32 46 1^
32 50 30
32 54 o

Alt. of the
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Obfervations for finding the Longitude by
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Obfervations for finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time-keepers.

July 12, P.M.
Correclion for Error of Sextant, —4' 30"

Time by
the

Watch.

7 26 25

7 ^7 SS

7 2*^ 44
7 29 48

Alt. of the

Sun's lower

Limb,

16 5 o
16 3 o
16 2 jS
IS 59 o

Alt. of the
Sun's

Center.
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Obfervations for finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time -keepers.
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Obfervations for finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time-keepers.

3ay of the
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Obfervations for finding the Longitude by the Time-keepers.
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Obfervations for finding the Longitude by the Time-keepers.

Sept. 6, P.M.

Alt. of the
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Obfervations for finding the Longitude by the Moon.

June 13, A. M.

Time by
Arnold.

10 16 17
10 20 17

10 25 35

Alt of the

Sun's lower

Limb.

49 39

49 55
50 iS

Air. of the IDlftance of the

Moon's
lower Limb.

21 17
20 54
20 20

Sun and Moon's
neareft Limbs.

74 Zl

74 37

74 37

True Di (lance

of the

Centers.

74 30 53
74 30 39
74 30 22

Apparent
Time at

Greenwich.

22 17 17
22 17 47
22 18 23

Ap!)arent

Time at

the Ship.

22 20 37
22 24
22 29 27

Diff. of

Meri-

dians.

3 20
6 21

II 4
Mean

I ongitude

of the Ship.

50
1 35 15

2 46 o

• 43 45

oE

June 14, A. M.
Correiflion for Error of the Sextant, — 3' 46"

Time by
Arnold.

9 44 3^

9 4*^ 4<

9 52 Si

Alt. of the

Sun's lower

Liinb.

45 57
46 2

1

46 41

Alt. of t^e

INIoon's

lower Limb.

30 42
30 26

30 10

Dirtance of the

Sunand Moon's

neareft Limbs.

63 47 30

63 44 o

63 41 30

True DUfance
of the

Centers.

63 45 45
63 41 54
63 39 3

Apparent

Time at

Greenwich.

o 42
6 59

Apparent

Time at

the Ship.

21 43 56
2t 48 20
ZI 52 4

Dlff. o

Meri-
dians.

8 16

12 22

•4 55
Mean

Longitude

of the Ship.

2 4 oW
3 5 30

3 43 45
2 57 45W

June ij;, A. M,

T
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25^ APPENDIX.
Obfervations for finding the Longitude by the Moon.

June 26, P. M.

Time by
the

Watch.

Alt. ofthe Sun's

I M ^4
I 2.8 14
1 29 4

I 32 5
I 3A- 3

I ^6 9

lower

Limb.

3S 5^

35 41

Ce .er.

36 '8

'.6 I

Alt. of the Moon's

lower

Limb.
Center.

12 50 o

12 58 30

12 51

13 6

Diftance of the

Sun and Moon's
nearefl Limbs.

True Dif-

tance ot

the Cen-

ters.

75 39 3°

75 43 o

75 41 30

75 45 >3

Apparent
Time at

Greenwich

Apparent
Time at

the Ship.

I 25 I

I 3* 5

Diff. of

Meri-

dians.

h '

2 4 15

SS

Longitude

of the bhip,

39 50

39 50

9 57 50 E

9 57 30

Arnold too flow for Apparent Time 47' 35''

July II, A, M.
Correftion for Error of the Sextant, -j- 4' 24"

Time by

Arnold.

3 28 15

3 30 '2

3 32 22

3 34 7

3 38 4«

3 40 24

Alt. of the Sun's



APPENDIX.
Obfervations of the Moon and Jupiter.

^53

Auguft 3 i, P. M.

Time by

j the

! Watch.

8 51 33

9 3 27

9 32 45

: 9 51 54
1 10 58 25

ill 43 iS

Alt
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