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THE KING.

SIRE"',

JA .S a Sea Officer addreffing Your M A-
jesty on a profeffional fubjeft, I might
juftly be accufed of Angular ingratitude,
did I not avail myfelf of this opportunity
of reminding the World, that the Voyage

to
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to explore how far NaVigation was prati-
cable towards the North Pole was under-
taken at a Period peculiarly ditinguiihed
by Your M ajesty’s gracious Attention to

Your Navy.

In a Time of profound Peace Your M A-
JESTY, by a liberal Addition to the Half
Pay of the Captains, relieved the Neceilities
of many, and gratified the Ambition of
all, at once demonftrating Your M ajesty’s
Regard to their Welfare, and the Remem-

brance of their Services.

The Armament which followed -in a few
Months, eanti Your M ajesty 3 Review ;ajf
that Armament, which, by the Dilpatcb
of its Equipment, had prevented « War,
afforded to Your Navy the mefi fiattering

and
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and diftiftguilhed Mark of Royal Favour”
and to Yoar M ajesty an additional Proof
of that Alacrity for Your Service, which
had fo recently received both its Reward
and Encouragement from Your M ajesty's

Protection.

Permit me, Sire, to add, that Your
M ajesty’s gracious Approbation of my
Endeavours, and the Permiilion I have
been honoured with, of infcribing the
following Account of them to Your Ma-
jesty, are ftrong Proofs of that Indul-
gence with which Your M ajesty receives
every Attempt to promote Your Service.
— — An Indulgence, which, at the fame
Time that it cannot fail of animating

the Zeai of others more worthy of Your

M AJESTY'S
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M ajesty’s Notice, has added to the mod
devoted Attachment, the warmeft Grati-

tude of,

SIRE,

Your M ajesty’s moft dutiful

Subject and Servant,

CONSTANTINE JOHN PHIPPS.
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INTRODUCTION.

H E idea of a paflagelo tbe Eaft ladies by

the North Foie was fuggeftcd as early as the

year 15*7, by Rohert Thorae, merchant, of Brv
Rol, as appears from two papers preferved by
Hackluit 5 the oae addrefled to king Henry V Uli
the other to Dr. eLey, the king’s ambaflador to
Charles V. In that addrefled to the king he (ays,
*1 know it to be my bounden duty to manifeft
“ this fecret to- your Grace, which hitherto, I fup-
“ pole, has been hid.” This fccret 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
bad obtained by their dUcoveries Eaft and Weit,
and exhorts the king to emulate their fame by un-
dertaking diicoverics towards the North. He
Hates in a very mafterly Hyle the reputation that
mult attend the attempt, and the great benefits,
Ihould it be crowned with fbceeft, likely to accrue
B to
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a INTRODUCTION.

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

To remove any objection to the undertaking
which might be drawn from the fuppofed danger,
he infifts upon “ the great advantages of confiant
*day-light in feas, that, men fay, without great
** danger, difficulty, and peril, yea, rather, it is im-
“ poflible to pais; for they being pail this little
“ way which they named fo dangerous (which may
“ be two or three leagues before they come to the
“ foie, and as much more after they pafe the Pole),
“ it is clear from thenceforth the feas and lands
‘“ are as temperate as in thele parts.”

In the paper addrefled to Dr. Ley he enters more
.minutely into the advantages and practicability of
the undertaking. Antongil many other arguments
to prove the value of the diicovery, he urges, that
by iailing northward and palling the Pole, the na-
vigation from England to the Spice Iflands would
be ihorter, by more than two théufand leagues,
than either from Spain by the Straits of Magellan,
or Portugal by the Cape of Good Hope; and to
ihew the. likelihood of fuccels in the enterprize he
fays, it is as probable that the. cofmographers
ihould be miilaken in the opinion drey entertain

of the polar regions being impaflable from extreme
cold,
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INTRODUCTION. 3

cold, as, it has been found, they were, in fuppofing
the countries under the Line to be uninhabitable
from exceffive heat. With all the fpirit of a man
convinced of the glory to be gained, and the pro-
bability of fuccefs in the undertaking, he adds,—
“ God knoweth, that though by it I ihould have
“ nq'great intereft, yet I have had, and HU have,
“ no little mind of this bufinefs: fo that if I had
“ faculty to my will, it ihould be the firft thing
Mthat I would underftand, even to attempt, if
“fens Northward be  navigno."
Notwithftanding the many good arguments, with
which he fupported his proportion, and the offer
of his own fervices, it does not appear that he pre-
vailed fo far as to procure an attempt to be made.

Borne, in his Regimentwritten about
the year 1577, mentions this as one ofethe five
ways to Cathay, and dwells chiefly on.the' mild-
nefo of climate which he imagines muft be found
near the Pole, from the confiant prefénce of the
fun during the fummer. Thefe arguments, how-
ever, were foon after controverted by Blundeville,
in his Treatife on Univerfal Maps.

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

B a No
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4 INTRODUCTION,

No voyagé, hoWtvér, appears t6 haVty beeft
Undertaken to ékplore the circumpolar feas, till
the year 1607, When Henry Hiidlbi was let
*forth, at the Charge of éertaio Worlhipfbl mer-
“ chants of London, to difcover a paflhge by the
*f North Pole to Japan and China.” He failed
ftorfi Gravefend on the firft of May, in a (hip
called the Hopewell, having with hirft ten men
ahd a bby. I havé takch great pains to find his
original journal, as well as thole of fame others of
the adventurers who followed hin) ; but without
(Uceéis : the only account. I have leen is an impenr»
feft abridgment in Purchas, by which it is not pot
fible to: lay down bia track4 from which, however*
I have drawn the following particulars :—He fell
ia- With the land to the Weftward in latitude 73%
onShetwenty-firft ofJune, which he named Hold*
With"Hope. The tWeatj-iéventh, he fell ia with
Spitihergen, and iktet with much ice ; he got to
eighty degrees twenty-thrée minutes, which was
the Nortliernmoft latitude he oWeérved in.  Giving
an account o f the cooclufion of his difcoveries, he
fays, “ On the fixteénth of Auguft I few land, by
“ reaibn of the clearnefe of the weather, firetc
?fur  B8bty-two ;{greet, and, by the bowing
“ and (hewing of the Iky, much farther * which

when I firft few, I hoped to have had a free lea

bejween the land and the ice, and meant to have
“ compafléd this land by the North 4 but now find-

- - (13 ing
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INTRODUCTION.

togit was impoffible, by meat» of the abundance
“ of ice compalfing us about by the North, and
*“joining to the land ; and feeing Cod did biefs us
“ with a wind, we returned, bearing up the helm ”
He afterward? adds: “ And this I can a(Ture at
“ this prefeqt, that between feventy-eiglu degrees
“ and an half, and eighty-two degrees, by this
“ way there ia no paftige.”—In confequenc¢ of
this opinion, he was the next year employed on
the North Eaft difcovery.

[13

In March 1609, old ftyle, “ A voyage was fe{
*forth by the right woribipful Sir Thomaa Smith,
* and the reft of the Mufcovy Company, to Cherry
w Iftand, and for a further difcovery tp be mad?
“ towards the North Role, for the likelihood pf a
“ tradeor a paffage that way, in the (hip called the
“ Amity, of burthen fcventy tun?, in which Jonas
“ Pople was mailer, having fourteen men and pm?
t(boy.”—He weighed from Blackwall, March the
furft, old ftyle$ and after great feverity of weather,
and much difficulty from the ice, he made the
Sopth part of Spitfbergen on the 16th of May. He
failed along and founded the coaft, giving names to
feveraj places, and making many very accurate ob-
fervations. On the 26th, being near Fair Foreland,
he lent his mate on fhore j-"and (peaking of the ac-
count he gave at bis return, fays, *Mereover, 1
“ was certified that all the ponds and lake? were
“ unfrozen, they beipg fre/h water j which putteth

B3 “ me
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6 INTRODUCTION.

“ me in hope of a mild fummer here, after io (harp
“ a beginning as I have had j and my opinion ia
“ fuch, and I afliire myfelf it is fo, that a paflage
“ may be as loon attained this way by the Pole, as
“ any unknown way whatibever, by realbn the lun
u doth give a great heat in this climate, and the
u ice (I mean that freezeth here) is nothing fo huge
“ as I have feen in feyenty-three degrees.”

Thefe hopes, however, he was loon obliged to
relinquilh for that year, having twice attempted in
vain to get beyond 790 S0  On the 21ft of June,
he Hood to the Southward, to get a loading of fifh,
and arrived in London the laft of Auguft. He was
employed the following year (1611) in a fmall
bark called the Elizabeth, of 50 tuns. The in?
ftrudtions for this voyage, which may be found at
length in Purchas, are excellently drawn up : They
direét him, after having attended the fiihery for
fbme time, to attempt diicoveries to the North
Pole as long as the feafon will permit ; with a dit
cretionary claulfe, to a;t in unforefeen cales as (haii
appear to him moil for the advancement of the
difcovery, and intereil of his employers. This
however proved an unfortunate voyage : for having
ftaid in Crois Road till the |6th of June, on ac-
count of the bad weather, and great quantity of
ice, he failed from thence on that day, and fteered
W b N fourteen leagues, where he found a bani?
pf ice : he returned to Crofc-Road ; from whence

wheq
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INTRODUCTION. 7

when he (ailed, he found the ice to lie clofe to the land
about the latitude of 80° and that it was impof-
lible to pals that way ; and the ftrong tides making
it dangerous to deal with the ice, he determined to
ftand along if to the Southward, to try if he could
find the fea more open that way, and fo get to the
Weftward, and proceed on his voyage. He found
the ice to lie neareil SW and SW b S and rap
along it about an hundred and twenty leagues. He
had no ground near the ice at 160, 180, or 700
fathoms : perceiving the ice (lili to trend to thp
fouthward, he determined to return to Spitibergen
fo fhe fiihery, where he loft his (hip.

In the year 1614, another voyage was under«
taken, in which Baffin and Fotherby were em-
ployed. With much difficulty, and after repeated
attempts in vain with the (hip, 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 dilap-
pointed. Fotherby adds, in his account : “ Thus,
“ as we could not find what we defired to lee, io
*did we behold that which we wilhed had not
“ been there to be feen; which was great abun-
“ dance of ice, that lay dole to the (hore, and
* alfo off at fea as far as we could difcern.” On
the eleventh of Auguft they (ailed from Fair-
Haven, to try if the ice would let them pals to the
Northward, or Northeaftward ; they fteered from

B 4 Cape
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Cape 'Barren, or Vogti Sang, N EDb E eight
leagues, where they met with the ice, which lay
£bSand WbN. The fifteenth of Auguft they
&w ice frozen in the (ba of above die thicknei of
an half-crown. s

fotherby was again fitted out the next year in a
prhftace bf twenty tons, called the Richard, with
ten men. In this voyage he was prevented by the
ice from getting farther than in his laft. He refers
to a chart, in which he -had traced the (hip’s
CGoiirib on every traverfe, to (hew how for the ftate
of that fea was diicovered 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 fob
lowing manner :

“ Now, if any demand my opinion concerning

“ hope of a paflage to be found in thofe feas, I
“ aniwer j that it is true, that I both hoped and
Mmuch defired to have palled further than I did,
4*bat was hindered with ice * wherein although I
“ bave not attained my defire, yet forafmuch as it
** appears not yet to the contrary, but that there is
*a ip&cious lea betwixt Groinland and king James
** his new land {Spitibergen] although much pef-
“ tered with ice} I will not feem to difwade this
* worlhipful company from the yearly adventuring
#of
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INTR OPUCTION. 9
“ of 150 or sao pounds tt the moft, till fome fur*
¢ ther difcovery be made of the ikid feas and lands
“ adjacent.” It appears that the Ruffia company*
either fetisfied with his endeavour” and deipairing
of further fuccefe, or tired of the expence of the

undertaking, never employed any more (hips on
this difcovery.

AU thefe voyages having been fitted out by pri-
vate adventurers, for the double purpofe of difco-
very and prefent advantage ; it was natural to fup-
pofe, that the attention of the navigators had been
diverted from purfuing the more remote and left
profitable objed of the two, with all the attention
that could have been wifhed. 1 am happy, how-
ever, in an opportunity of doing jufiice to the me-
mory of thefe men * which, without having traced
their Heps, and experienced their difficulties, it
would have been impoffible to have done. They
appear to have encountered dangers, which at that
period muft have been particularly alarming from
their novelty, mvith the greateft fortitude and per-
feverance ; as well as to have (hewn a degree of
diligence,and (kill, not only in the ordinary and
practical, but more identifie parts of their profe£
fion, which might have done honour to modero
feamen, with all their advantages of later improve-
ments. This, when compared with the accounts
given of the (late of navigation, even within thefe

forty
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forty years, by the moft eminent foreign authors,
affords the moft flattering and fatisfadtory proof 6f
the very early exiftence of that.decided fiiperiority
in natal affairs, which has carried the power of
thi6 country to the height it has now attained.

This great point of geography, perhaps the moft
important in its confluences to a commercial na-
tion and maritime power, but the only one which
had never yet been the objeit of royal attention,
was ihf&red to remain without further inveftiga-
tion, from the year 1615 till 1773, when the Earl
of Sandwich, in confequence of an application which
had been made to him by the Royal Society, laid
before his Majefty, about the beginning of Febru-
ary, a propofal for an expedition to try how far
navigation was praticable towards the North Pole ;
which his Majefty was pleafed to direit ihould be
immediately undertaken, with every encourage-
ment that could countenance fuch an enterprize,
and every affiftance that, could contribute to its
fuccefs.

As foon as I heard of the defign, I offered my-
felf, and had the honour of being entrufted with
the conduit of this undertaking. The nature of
the voyage requiring particular care in the choice
and equipment of the ihips, the Racehorfe and
Carcals bombs were fixed upon as the ftrongeft,

and
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INTRODUCTION. it
and therefore propereft for the purpofe. The pro-
bability that fuch an expedition could not be car-
ried on without meeting with much ice, made
feme additional ftrengthening neceflary : they were
therefore immediately taken into dock, and fitted
in the moft compleat manner for the fervice. The
complement for the Racehorfe was fixed at ninety
men, and the ordinary eftablifhment departed
from, by appointing an additional number of offi-
cers, and entering effédive men inftead of the
ufual nurrjber of boys.

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 charajters of thole upon
whom lo much depended in the performance of
this fervice. Two mafters of Greenlandmen were
employed as pilots for each (hip. The Racehorfe
was alfo furniihed with the new chain-pumps made
by Mr. Cole according to Captain Bentincki im-
provements, which were found to anfwer perfeét-
lywell. We allo made ufe of Dr. Irving’s apparatus
for diHilling frelh water from the ifea, with the
greateft fuccefs. Some fmall but ufeful alterations
were made in the fpecies of provifions ufually fup-
plied in the navy ; an additional quantity of Ipirits
was allowed for each (hip, to be iffiled at the dip
pretion of the commanders, when extraordinary

fatigue
f
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fatigue or feverity of weather might make inexpe-
dient. Aquantity 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 expert, was
ordered to be put on hoard, to be given to the
feamen when we arrived in the high latitudes, It
was forefeen that one or both of the ihips might
be facrificed in the profecution of this undertak-
ing} the boats for each (hip were therefore calcu-
lated, in number and fize, to be (it, on any emer-
gency, to tranfport the whole crew. In (hort, eve-
ry thing which could tend to promote the fuccefe
of the undertaking, or contribute to the fecurity,
health, and convenience of the (hips’ companies*
was granted.

The Board of Longitude agreed with Mr. llrael
Lyons'to embark in this voyage, to make aftrono-
mical obfcrvations. His reputation for mathema-
tical knowledge was too well eftabliihed to receive
any addition from the few opportunities which a
voyage in fuch unfavourable climates could afford.
The fame Board fupplied him with fuch inftro-
ments as they imagined might be ufefol for making
obfervatioDS and experiments. The Royal So-
ciety favoured me with fuch information as they
judged might (erve to dired my enquiries, when-
ever the circumftances of the voyage ihould afford
me leifure and opportunity for making obfervations.

Befides

oisnzes ny GOOEIE



INTRODUCTION. i3

Befides thefe learned bodies, I was obliged to many
individuals for hints) amongft whom it is with
pleafare 1 mention Monfieur D ’Alembert, who com-
municated to me a (hort paper, which, from the
concifenefs and elegance with which it was drawn
up, as weU as from the number of interefting ob-
jeds that it recommended to my attention, would
have done honour to any perion .whole reputation
was not already eftabliihed upon io folid a founda-
tion as that leirned philofijpher's. To Mr. Banks
1 was indebted for very foli inftrufions in the
branch of natural hiftory, as I have iince been for
his affiftance in drawing up the account of the pro-
ductions of that country*, which I acknowledge
With particular fatisfalion, as inftances of a very
long friendihip which I am happy in an opportu-
nity of mentioning.

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

The lengthof the Second Pendulum in fo high

a latitude as I was likely «0 reach, appearing to me
an experiment too interefting to be negleied, I
deftred Mr. Cutuming to make me fuch an inftru-
ment as he thought would beft anfwer the purpofe.
That
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14 INTRODUCTION.

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 furniih me with one of
his own conftrudtion ) but the judgment as well, as
ikill with which the apparatus joined to it was con-
trived and executed, notwithftanding the ihortneis
of the time, will, I am Gure, do him credit.

The Board of Longitude lent two watch ma-
chines for keeping the longitude by difference of
time; one conftrudted by Mr. Kendal, on Mr.
Harrilbn’s principles ; the other by Mr. Arnold.

I had allo a pocket watch conftrudted by Mr. Ar-

nold, by which I kept the longitude to a degree of
exadtitude much beyond what I could have ex-

p ed te d sthe watch having varied from its. rate of
going only 2'40" in 128 days.

In the Journal which follows, I mean to confine
myfelf to the occurrences of the voyage as they
iucceeded in order of time ; which, for the con-
venience of the generality of readers, 1 have re-
duced from the nautical to'the civil computation:
to this I fhall add, by way of Appendix, an ac-
count of all the experiments and obfervations un-
der their relpedtive heads, that thofe who intereft
themfelves in any particular branch, may find
whatever they want, unmixed with foreign mat-
ters ; while thofe who may wilh only to trace the

whole
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whole progrelsof the voyage, as well as thofe who
may be fetisfied with the general refults of the ex-
periments, will find the account unincumbered
with that detail which I wilh to fubmit to others"
who may chufe to examine more minutely, and
compare the fads with the conduirons.

A voyage of a few months toan uninhabited ex-
tremity of the world, the great objed of which
was to afeertain a very interefting point in geogra-
phy, cannot be fuppofed to aftbrd much matter for
the gratification of mere curiofity. The experi-
ments and obfervations may poi&bly from their
novelty, and the peculiar circumftances of the cli-
mate in which they were made, aftbrd feme en-
tertainment to philolbphers ; and might perhaps
have been more numerous and fetisfadory, if the
purluit of the great objed of the voyage had not
rendered them, however interefting in themfelves,
but a fecondary conlideration.
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C>9 ] May-

PRIL 19th, 1773* I received my commif-

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

23d. The foip was hauled out of dock.

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

22d. We received on board the powder, with
eight (ix-pounders, and all the gunner’s dorea.
Lord Sandwich gave us the lad mark of the oblig-
ing attention he had (hewn during the whole pro-
grefe of the equipment, by coming on board to fa-
tisfy himfelf, before our departure, that the whole
had been compleated to the with of thofe who
were embarked in the expedition. The Eaderly
C 2 winds
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winds prevented our going down the river till the
26th, when 1 received my inftru&ions for the
voyage, dated the 25th ; direding me to fall down
to. the Nore in the Race-horfe, and there taking
under my command the Carcais, to make the beft
of my way to the Northward, and proceed up to
the North Pole, or as far towards it as pofiible,
and as nearly upon a meridian as the ice or other
obftru&ions might admiti and, during the courfe
of the voyage, to make fuch obfervations of every
kind as might be ufeful to navigation, or tend to
the promotion of natural knowledge : in cafe of
arriving at the Pole, and even finding free navigar
tion on the oppofite meridian, not to proceed any
farther ; and at all events to fecure my return to
the Nore before the winter ftiould fet in. There
was alio a claufe authorizing me to proceed, in un-
forefeen cafes, according to my own diferetion; and
another claufe directing me to profecute the voyage
on board the Carcafs, in cafe the Racehorfe ihould
be loft or difabled.

27th. 1 anchored at the Nore, and was joined
by Captain Lutwidge, inthe Carcais, on the 30th :
her equipment was to have been in all refpeéts the
fame as that of the Racehorfe, but when fitted,
Captain Lutwidge finding her too deep in the wa-
ter to proceed to fea with fefety, obtained leave of
the Admiralty to put fix more guns on ihore, to
reduce the complement to eighty men, and return
a quantity
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a quantity of provifions proportionable to that re-
duttion. The officers were recommended by Cap*
tain Lutwidge, and did juftice to his penetration
by their condudt in the courfe of the voyage. Dur-
ing our ftay here, Mr. Lyons landed with the as-
tronomical quadrant at Sheerneis fort, and found
die latitude to be 51° 31' 30", longitude o® 30'
Eaft. The Eafterly winds prevented our moving
this day and the following.

June 2d. Having the wind to the Weftward of
North, at five in the morning I made the figtiaJ to
weigh} but in Ids than half an hour, the wind
Ihifting to the Eaftward and blowing freih, I furled
the top&ils. The wind came in the afternnon to
N bE; we weighed, but did not get far, the
tide of flood making againft us.

3d. The wind blowing freih all day Eafterly,
we did not move.

4th. The wind coming round to the Weft-
ward at fix in the morning, I weighed immediate-
ly, and fent the boat for Captain Lutwidge, to de-
liver him his orders. At io 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 Cliff, between Orford and
Harwich. Little wind at night.

C3 Sth.
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Sth. Anchored in Hofeley Bay at half pail 1é-
ven in the evening, in five and an half fathom
water. Orford Caille N EbN.

Angle between Aldborough Church and! ,, fi

Orford Light Houié, J? 3
Light Houfe and Orford Church, . . 18 16
Orford Church and Caille, .

Caille and Hofeley Church, . . . , 100 59
Hofeley and Balfey Church, . . . . 35 27

6th, At five in the morning, the wind at
SSW, weighed, and flood out to lea, finding I
mightlofe two tides by going through Yarmouth
Roads. Examined the log line, which was marked
forty-nine feet ; the glafs was found, by comparing
it with the time-keeper, to run thirty féconds : at
noon latitude obferved 520 1 54", longitude by
the watch i° 30' 15" E.

Angle between Southwold and Walderfi? = o

WICK, . . eeeeeeceeeeesnneee Vo 3o
Walderfwick and Dunwich, . . . . 20 21
Dunwich and Aldborough, . . . . 46 53

Southwold N W i N, iuppoiéd diftance three
leagues. We concluded the latitude of South-
would to be 520 22', and longitude i° 18' 15" E.
The dip was 730 22'.

Tth.
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th. The wind was Northerly all day, 'and
blew freih in the morning. We had flood far oat
in the night and the day before, to clear the Le>
mon and Oweér.

8th. Little wind moft part of the day, with a
very heavy fwell. Stood in for the land. At half
paft ten longitude by the watch 0° 41' 15" E. At
noon the latitude was 53038' 37". We uw the
high land near the Spurn, in the evening.

9th. About nbon Flamboroiigh Head boreNW.
b N diftant about fix miles : we were by obferva-
tion in latitude 54® 4' 54", longitude o® 27' 15".
E ; which makes Flamborough Head, in latitude
54° 9', longitude o® 19' 15" E. In the afternoon
we were off Scarborough. Almoft calm in the
evening,

10th. Anchored in the morning for the tide in
Robin Hood’s Bay, with little wind at N W :
worked Up to Whitby Road next tide, and anchor-
ed thereat four in the afternoon, in fifteen fathom»»

with very little windt

. nth. Calm .in the m°m’hgi Coémpleated our
ewater, Jive flock and vegetables. At nine in the
morning longitude obferved by the watch I

30 W iWhitby Abbey bore S * W. Weighed
C4 with
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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 Wéfterly,.without being too near
either fhore, before we were clear of. Shetland and
the coail of Norway.

12th. The Windat S E, and the ihip well ad-
vanced, I ordered the allowance of liquor to be
/ altered, forving the.fliip’s company one-fourth of
/  their allowance in héér, and the other three-fourths
I in brandy ; by which means the beer was made to
laft the whole viyége, and the water confiderably
foved. One half of this allowance was ferved im-
mediately after dinner, and the other half in the
evening. It was now light enough all night to
read opon deck.

13th. The weather ftill fine, but confiderably
lefs wind than the day before, and in the afternoon
more Northerly. .The longitude at ten in the
morning'was found by hay watch oP 6'W. We
look three obfervations of the mooq and fun for the
longitude; the extremes differed from one another
near two degrees : the mean of the three gave the
longitude i°® 37' E. At noon- the latitude obferved
was 59° 32' 31". We found a difference of 36
between the latitude by dead reckoning arid obfer-
vation, the ihip being fo much more Northerly
than the reckoning. The diftance by this log W3S
too
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too (hort by forty-three miles. A log marked forty-
five feet, according to the old method, would have
agreed with the observation within two miles in the
two days’ run. The circumstance of Steering upon
a meridian, which afforded me fuch frequent op-
portunities of detecting the errors of the log, in?
duced me to obferve with care the comparative
accuracy of the different methods of dividing the
line, recommended by mathematicians, or pra&iSed
by Seamen. In the afternoon I went on board the
Carcafs to compare the time-keepers by my watch.
At fix in the evening the longitude by my watch
00'4' E. This evening the Sm Set at twenty-four
minutes paft nine, and bore about N N W by the
compais. The douds made a beautiful appearance
long after to the Northward, from the reflection of
the fun below the horizon. It was quite light all
night : the Carcafs made the fignal for feeing the
land in the evening.

14th. Little wind, or calm, all day; but very
clear and fine weather. Made Several different ob-
servations for the longitude by the fun and moon,
and by my watch. The longitude of the Ship was
found by my watch, at ten in thé morning, to be
iQ11' 45" W. The longitude by the lunar ob-
servations differed near two degrees from one ano-
ther. By the mean of.them the Ship was in longi-

tue 20 57' 4 5W Some Shetland boats came on
board with filh. At noon the latitude by observa-
tion

owiized by (3OO ElE
g



16 JJOURNAL. [June;
tion was 60° 16' 45".. At one in the afternoon
the dip was obferved to be 730 30'; and at eight,
750 18': the evening calm, and very fine; the
appearance of the iky to the Northward very beau-
tiful. Variation, by the mean of léverai obferva-
tions, 22® 25' W.

15th. By an oblérvation at eight in the morning,
the longitude of the Dip was by the watch 0° 39"
W : Dip 74? 52'. At half pali ten in the morning,
the longitude, from léverai .oblérvations of the lia
and modén, was o® 17' W ; at noon being in lati-
tude 600 19' 8", by oblérvation, I took the dis-
tance between the two lhips by the Megameter ;
and from that bafe determined the pofition of
Hangcliflj which had never before been afcertain-
ed, though it is a very remarkable point, and fre-
quently made by Thips. According to thele oblér-
vations it is in latitude 609 9', and longitude
56' 30" W. In the Appendix I ihall give an ac-
count of the manner of taking lurveys by this in-
ftrument, which I believe never to have been
pra&ifed before. At one, obferved the dip to be
75®. A thick fog came on in the afternoon, with
a fiat calm; we could not fee the Carcais, but
heard her anfwer the lignais for keeping company.
Variation, from the mean of léverai obfervations,

*5° ' W.
16th.
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16th. A very thick fog in the morning ; latitude
obferved at noon 60° 29' 17": the dip was ob-
ferved at nine in the evening to be 76045'. In the
afternoon, the weather clear, and the wind fair,
fleered N N E : fent Captain Lutwidge his further
orders and places of rendezvous.

17th. Wind fair, and blowing freih atS S W,
continued the courfe N N E : ordered the people a
part of the additional clothing : few an Englith
Hoop, but had no opportunity of fending letters on
board, the fea running high. At ten in the morn-
ing, longitude by the watch 0° 19' 45" W.: at
noon, the latitude obferved was 620 59' 27'".
The (hip had out-run the reckoning eleven miles.
I tried Bouguer’s log twice this day, and found it
give more than the common log. Variation 19°
22' W,

18th. Little wind all day, but fair, from S SW
to SE : ftill fleering N N E: latitude obferved at
noon 650 18' 17"'. At three in the afternoon,
founded with 300 fathom of line, but got no
ground. Longitude by the watch i° o' 30" W.

19th. Wind to the N W. Took the meridian ob-
fervation at midnight for the firfl time : the fun’s

lower limb o° 37' 30" above the horizon from
which
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which the latitude was found 66° 54' 39" N : at
four in the afternoon, longitude by the watch o° 58'
45" W : at fix the variation 190 11' W.

r20th. Almoft calm all day. The water being

/ perfectly fmooth, I took this opportunity of trying

/

/
/
i

- e

=\ - g —

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 260 of Fahrenheit’s thermometer ; the tem-
perature of the air being 480 1.

We began this day to make ufe of Dodor Irv-
ing’s apparatus for diftilling freih water from the
fea : repeated trials gave us the moft fatisfadory
proof of its utility : the water produced from it
was perfedly free from fait, and wholefome, being
ufed for boiling the thip’s provifions ; which con-
venience would alone be a defirable objed in all
voyages, independent of the benefit of fo ufeful a
refburce in cafe of diftrefs for water. The quantity
produced every day varied from accidental circum-
fiances, but was generally from thirty-four to forty
gallons, without any great addition of fuel. Twice
indeed the quantity produced was only twenty-three
gallons on each diflillation ; this amounts to more
than
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than a quart for each man, which, though not a
plentiful allowance, is much more than what is
neceffery for fubfiftence. In cafes of real neceffity
I have no reafbn to doubt that a much greater
quantity might be produced without an inconve-
nient expence of fuel,

2ift, A freih gale at S E all day - fleered NNE.
At four in the morning we fpoke with a fnow from
the feai fifhery, bound to Hamburgh, by which
we fent fome letters. At fix in the morning the
variation, by the mean of feveral obfervations,
was 23® 18' W. Longitude by the watch at nine
was o° 34' 30" W. Latitude obferved at noon.
68° 5-

22d. Calm mod: part of the day ; rainy and ra-
ther cold in the evening. At noon obferved the
dip to be 77052'.

23d. Very foggy all day ; the wind fair} alter-
ed the courfé 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 morning, being by our
reckoning to the Northward of 72°, we few a piece
of drift wood, and a imaii bird called a Redpoll
Dip obferved at nine in the evening to be 8x° 30'.

24th.
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24th. Very foggy all the morning} the wind
came round to the Northward. The dip obferved
at noon was 80° 35'. In the afternoon, the air
much colder than we had hitherto felt it; the
thermometer at 34°. A fire made in the cabin for
the firft time, in latitude 730 40a

25th. Wind Northerly, with a great fwell ; ibme
ihow, but in general clear. At eight in the morn-
ing, the longitude obferved by the watch was
70 15' E. Made feveral obfervations on the vari-
ation, which we found, by thofe taken at feven in
the morning, to be 1709' W i by others at three in
the afternoon, only 70 47' W. 1 could not account
for this very fudden and extraordinary decreafe,
as there were feyeral different obfervations taken
both in the morning and evening, which agreed
perfedtly well with each other, without any appa-
rent caufe which could produce an error affedting
all the obfervations of either fet. At eight in the
evening the longitude by the moon was 12° 57' 30"
E, which differed 2? 35' from that by the watch.
Little wind at night.

26th. Little wind all day ; the weather very fine
and moderate. The latitude obferved at noon was
740 25'. The thermometer expofed to the fun,
which fhone very bright, rofe from 410 to 610 in
twenty
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twenty minutes. By each of two lunar obferva-
tions which I took with a fextant of four inches
radius, at half paft one, the longitude was 90 57'
50" E swhich agreed within thirty-feven minutes
with an obfervation made by the watch at halfan

hour after three, when the longitude was 8° Sa’
30" E. Dip 7 zzl

27th. At midnight the latitude obferved was
740 26". The wind came to the S W, and con-
tinued io all day, with a little rain and ihow. The
cold did not increafe. We fteered NbE. At
feven in the morning the variation, by a mean of
leverai obfervations, was found to be 200 38' W.
We were in the evening, by all our reckonings, in
the latitude of the South put of Spitibergen, with-
out any appearance of ice or fight of land, and with
a fair wind.

28th. Leis wind in the morning than the day
before, with rain and ileet: continued fteering to
the Northward. At five in the afternoon picked
up a piece of drift wood, which was fir, and not
worm-eaten : founded in 290 fathom ; no ground.
At fix the longitude by the watch was 70 50'E :
between ten and eleven at night, few the land to
the Eaftward at ten or twelve leagues diftance.
At midnight, dip 8i° 7'.

$9*.
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9th. The wind Northerly ; flood clofe in with
the land. The coaft appeared to be neither habi-
table nor acceilible ; it was formed by high, barren,
Jblack rocks, without the leaft marks of vegetation4
/in many places bare and pointed, in other par
/ covered with fnow, appearing even above the
/ clouds : the vallies between the high cliffs were
filled with ihow or ice. This proipeét would have
1 fuggefted the idea of perpetual winter, had not the
j mildnefs of the weather, the fmooth water, bright
j funfhine, and confiant day-light, given a chearful-
i nefs and novelty to the whole of this flriking and
romantiek fcene.

I had an opportunity of making many obferva-
tions near the Black Point. Latitude obferved at
noon 770 59' 11". The difference of latitude,
from the laii obfervation on the 27th at midnight
to this day at noon, would accordingto the old me-
thod of marking the log have been two hundred
and thirteen miles ; which agrees exactly with the
obfervation. At three in the afternoon, brought
to and founded 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 exaftly) to run half a knot North ; Black
Point bearing ENE. At four the longitude by
the watch was 90 31' E : at eight the variation,
by the mean of nineteen obfervations, n? 53' W.

I could
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I could not account from any apparent caufe for *
this great change in the variation: the weather
was fine, the water fmooth, and every precaution
we could think of ufed to make the obfervaticn»

accurate. The dip was 26'. Plying to the
Northward.

30th. At midnight the latitude by obfervation
was y8® o' 50". At four in the morning, by
Lord Charles Cavendifh’s thermometer the tem»
peratiire of the water it the depth of 118 fathoms
was 310 of Fahrenheit’si that of the air Was at
the fame time 400f At nine in the rooming we
faw a ihip in the N W, ftanding in for the land.
Having little wind this morning, and that Nor-
therly, 1flood in for the land, with an intention to
have Watered the (htp, and got out immediately,
but was prevented by the calm which followed. At
noon the latitude obferved. was 780 8'e the dip
79° 3°-At two in the afternoon we founded io
115 fathom i muddy bottom : at the fame timo
we fent down Lord Charles Cavendiih’s thermo-
meter, by which we fobnd the temperature of
the water at that depth to be 331* that of the
water at the furface was at the fame time 400,
and in the air 4® iFahrenheit’s thermo
plunged in water brought up from the fame depth,
flood at 380i. This evening the mafler of a
Greenland Ship came on board, who told roe, that
b« was juft come out of the ice which lay to the

D Weftward
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Weftward about fifteen leagues off, and that three
ihips had been loft this year, two Englith, and one
Dutch. The weather fine, and rather warm. At
fix in the evening the longitude by my watch was
. 9° 28' 45" E.

July ift. Little wind Northerly, or calm, all
day: the.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
780 13' 36"» Black Point bearing S 780 E;
which makes the latitude of that point nearly the
feme as that of the ihip, and agrees very well with
. the chart of this coaft in Purchas.

ad. Little wind, and calms, aU day ; the wea-
ther.very fine. At fix in the morning five fail of
Greenlandmen ;a fight. At noon the latitude ob-
ferved was 78a ax' 41". i took a. forvey of the
coaft, as fer as we could fee : I took abb with the
megameter the altitudes of léverai of die moun-
tains : but as there is nothing particularly intereft-
ing to navigators ia. this part of the coaft, I thali
only mention the height of one mountain, which
was fifteen hundred and three yards. This may
ferve tb give feme idea of the appearance andfcale
of the coaft. At half paft fix the longitude by the
watch was 908' 30" E : Variation 14955' W.

3. Latitude
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3.* Latitude aj Imidnight .78*
45% Thé weathet iihe, and tfife wind fair all day.
Running along by the coaft of Spitfbfcrgen all day :
léverai Greenlandmen in fight. Between nini* and
ten in the evening we were abréaft' 6f thé Nortfi
foreland, bearing E b S i 5, diftince i i' ttil'e
Bounded ;/n twéiity fathom ; rocky ground. " '1

4th* Very little yfind in the morning. At noon
the latitude by obfervation was 79° 31'.. .Mag-
dalena Hook bore N 390 K diftant about four
miles} whicfi gives the latitude of that place .79°
g4* ; the ikm&fs Fotherby obferved it. to bé in
(614.. Btood, ;Mio a Imaii bay to the Southward
of Magdalena and. H”mburgher’s Eay : anchored
with the ftream anchor, and feht the boat for wa-
ter. About three in the afternoon, when' the boat
was fent on (hore, it appeared to bé high water,
and ebbed about thcee feet. This makes high wa-
ter full’ and change at half an hour paft onfe, or
with a S S W-;mooni which exa&ly with
.Baffin’s obfervation in iérg. The flood comes
from the Sopthward. Went aihore with the aftro-
nomer, and jnftruments, obferve the variation.
A thjcjf fqgeameon before we had completed the
.ot)fervayons. The. ihip driving, I weighed and
ftood <Pju’to-iea under an eafy fail, fifing guns fre-
queadyito.ftysw the Caroais where we were j and in
D 2 leis
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Icis than two hours joined her. Soon after, (about
four in the morning of the Sth) the Rockingham
Greenland Ship ran under our ftern, and the mailer
told me he had juli (poke with fome ihips from’
WVijijch he learnt, that the ice was within ten leagues
qf Hacluyt’s Head Land, to the North. Weil. 1In
confequcnce of this intelligence, I gave'orders for
fleering in towards the Head Land ; andif it ihould
clear up, to fleer diredtly for it ; intending to go
North frp)m the,ncei till ibme circumftance fhonld
oblige me to alter my courfe.

5th.“ At five the cfficer informed mé, that wé
were very ‘near tomé ifonds off Dane’s Gat, and
that the pilot withed to fland" farther out j I ordered
the ihip t6 be kept N b'W, and hauled Tfarther
in, when clear of the jflaids. At hoori I fleered
North, feeing nothing of ""the' land ; toon after I
was told that they law the ice: I went upon deck,
and perceived fomethin'g white upon the bow, and
heard 'a noife like thé turfupon the fhore ; I hauled
down the fludding fails, and nailed the Carcafs to
let them Jtnow thatTfhoyld fland for it to make
what it was, having all hands upon deck ready to
haul up at a'moment’s'warning r 'l defiréd that
they would keepi clofeto us, the fog being fo
thick, and have every body up ready to fbHow our
motions inilantanéouilyV determining to ftand on
under fuch fail as ihould enable 1Is t6 'keep the
* ihips
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ihips under command, and not riik parting com-
pany. Soon after two fmall pieces of ice not above
three feet iquane pafled us, which we fuppofed to

have floated from the (hore. It was not long he*
fore we few fomething on the bow, part black and

part covered with fnow, which from the appear-
ance we took to be iilands,. and thought that we
had not ftood far enough out ; 1 hauled up im-
mediately to the N N W and was loon undeceiv-
ed, finding it to be ice which we could not clear
upon that tack ; we tacked immediately, hut the
wind and fra 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 frefti, the (hips would have
been in danger on the lee ice, had not the officers
and men been very alert in working the (hip. The
ice, as far as we could then fee, lay nearly Eb N.
and W I’S. At half paft feven in the evening, the
Thip running entirely to the Southward, and the
weather clearing a little, 1 tacked, and ftood for
the ice. When 1 faw it, I bore down to make it
plain ; at ten the ice lay from N W to Eaft, and
no opening. Very foggy, and little wind, all day ;
but not cold. At eleven came on a thick fog. At
half pali midnight, heard the furge of the ice, and
hauled the wind to the Eaftward.

D3 * 6th.
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6tb. Cicar weather ;i dsty, Yadd A« wind E*-
fberiy off the ka Io the nwwakgl ftood W b*
make the land plain. At fitcc was withi« few
tevika of the ice, whioh besr;, from BNB ifr
W N W : at ten near Vogel Sang : at nqo«,' kttb
tade obferved jp° 2g’s wind Bafterly
tinued plying to windward, between the lewd and
the ice: vira« withia « quarter of a mile of the
ice, which lay fréta i!NE to. NN W, when I
tacked at two in the aftetftooni and within half a
cable’s IcDgth at midnight t the Carcais. was a great
way-aftern and tq leeward «U day. Being fo neat
the laft rendezvous, J did not chufe tQ bring to. for
her, but was very anxious *q avail myfelf of this
favourable opportunity, having the wind off the
ka and dear weather, to fee whether there was any
opening to the N C of the Head Laud, By all the
accounts frota tbe Greenlanden this year, and
particularly the laft account from the Rockingham,
as well as from, what, we had feen omfd.veg, the ice
:appeared to. he quite «lofe to the N W. We had
feen it from B Sfr to WNW. It was. probable
. that the fea, ;I open any where, would be fo to the
Eaft.waid, where thq Greenlandmen do not oftqn
venture, for fear pf being, prevented, from return-
ing by the ice joining tQSpvtlhefgan, I determined
therefore, fhould the wind continue in the feme
quarter next day, to find whether the ice joined to

the
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the had, or was fo detached as to afford me as op-
portunity of paffing to the Esftward. In cafe of
the ice being faft I could» with the wind Eafterly,
range clofe along the edge of it to the Weftward.
The weather exceedingly fine. At fix in the af-
ternoon, the longitude by the watch was $° 4§'
jo“ E.

7th. At five in the morning the wind was Nor-
therly, and the weather remarkably dear. Being
near the ice I ranged along it. It appeared to be
clofe all round ; but I was in hopes that fome open-
ing might be found to get through to a clear feato
the Northward. I ran in amongft the finall ico»
and kept as clofe as poffible to the main body» not.
to mifs any opening. At noon, Goven CIiff
W i S feven leagues. At one in the afternoon,
being (till amongft the loofe ice, 1 fent the boat to
one of the large pieces to fill water. At four we
fboaled the water very fuddenly to fourteen fa-
thom : the outer part of Cloven CIliff bore W &N :
Reddiff, S iE. The loofe ice being open to the
ENE» we hauled up, and immediately deepened
our water to twenty-eight fathom ; muddy ground,
with fhells. 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 its. After getting clear of her, we ran
D 4 to
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to the Eaftward. Finding the pieces increafe ja
number and fize, and having got to a part Icis
crowded with the drift ice, I brought to, at fix in
the evening, to fee whether we could difcover the
lead appearance of an opening : but it being my
Own opinion, as well as that of the pilots and offir
cera, that we could go no farther, nor even remaip
there without danger of being befet, I fent the boat
On board the Carcais for her pilots, to hear their
opinion ; they both declared that it appeared to
them impraticable to proceed that way, and that
it was probable we Thould foon be befet where we
were, and detained there. The ice fet fo faft
down, that before they got on board the Carcais
we were faft. Captain Lutwidge hoifted our boat
tip, 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 flop-
ped. The people in both ihips being much fa-
tigued, and the Carcafs not able to keep up with
us, without carrying ftudding-iils, 1(hortened laii as
foon as we were quite out, and left orders to ftand
to the Northward under an cafy fail : I intended,
having failed in this attempt, to range along the
ice to the N W, in hopes of an opening that way,
the wind being fair, and the weather clear ; re-
volving, if I found it all (olid, to return to the Eaft-

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

8th. little wind in the morning, and a fwell
jetting on the ice, we were obliged to .get the boats
a-head, to tow the (hip clear ; which they effected
with difficulty. A breeze fpringing up when we
were within two cables lengths of the main body
of the ice, ftood in for the land, and attacked at
two, to ftand to the N W for the ice ; but the
weather coming thick between five and fix, I flood
in again fpr the land. It clearing up (bon after, I
bore away again N W for the ice. At ten, fpoke
with a Greenland Ship which had juft left the ice
all clofe to the NN W. Between eleven and twelve
the wind came to the SW, with an heavy fwell,
and thick weather, Double-reefed the topfails, and
tacked at twelve, to (land in for Hacluyt’s Head
Land, not thinking it proper to run in with the faft
'ice to leeward in thick weather, without even the
probability of an opening ; and propofing if that
weather continued, to complete the (hip’s water,
and be ready with the firft wind, off or along the
ice, to look out for an opening, and run in. To
avoid any inconvenience which from the experience
of the preceding day I perceived might happen,
from too many running to one place on any fudden
order, Idivided the people into gangs under the
midihipmen, and (lationed them to the ice hooks,
poles, crabs, and to go over upon the ice when
wanted.
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ptix. Having a fan opportunity, aw) SW wind,
flood to the Weftward shtendkng, v
ther was clear, to make the ice t6 the Northward,
and run along it. About twelve, clearer ; faw the
fait ice to the Northward, and the appearance of
loofe ice to the N W : flood diredUy for it, and got
amongft it between two and three; fleering as
much to the Northward as the fituation of the ice
would permit. At fix obferved the dip 1ia 52'.
At half paft feven, found the iee quite faft to the
Weft, being in longitude 2a 2* E, by our reokort-
ing, which was the fertheft to the Weftward of
.Spitlbergen that we got this voyage. At eight the
fog was fo very thick, that we could neither fee
which way to pufti for an opening, npr where the
Carcais was, though very near us. That we might
not rtfk parting company with her, 1 was obliged to
ply to windward under the topfails, tacking every-'
quarter of an hour to keep in the opening in which
we were, and clear of the ice which fiirrounded
us. At four in the afternoon we were in 80° 36'.

10th. We loft the Carcais twice in the night,
from the very thick fog, and were working all
night amongft the ice, making very ihort tacks ,
the opening being fmall, and the floating ice very
thick about the fhip. The fituation of the people
from the very fatiguing work and wet weather, made
the moft minute precautions neceifary for the pre-
fervatioo of their health: we now found the ad-
vantage
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vantage of dia fpirita which had heen allowed for
extraordinary occafionaj as well as the additional
ctothing fornithed by the Adrétraky. Notwith-
ftariding every attention, feveral of die men were
confined with colds, which «defied them with
pains m their bones ; but, from the careful attend-
ance given them, few continued in the fick lift
abate two daya af a tinae. At nine id d» morn-
ing, when it cleared a little» we ftw the Carcaft
much to the Southward of us, Jtook the oppor-
tunity of the clear weather to run to the WeftwardL
and found the ice quite iblid there; I then ftood
through every opening to the Northward, but
there ahi) fon got to the edge of the (olid ice. 1
was forced to haul up to weather a point which ran
but from it. After I had weathered that, the ice
clafutg Aft upon roe, obliged me to fet the fore&il,
which, with the freih wind and fawoth water, gave
thé fhip fuch way a« to force through it with a vio-
lent ftroke. At one in the afternoon, immediately
cm getting out into the open fea, we found a heavy
fwell fetting to the Northward- though amongft
the ice, the minute before, the water had been as
froooth as a mill pond. The wind blew ftrong at
&SW. The le«, as far as we could fee from the
maft bead, lay RN E : we fteered that courfe clofo
to it, to look for an opening to the Northward. I
now began to conceive that the ;ce was one com-
p os impenetrable body, having tun along it from
Eaft to Weft above ten degrees. 1 purpoléd how-

ever
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everto {land over to the Eaftward, in order to ascer-
tain whether the body of icejoined to Spitsbergen.
This the quantity of loofe ice had before rendered
impradicable} 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 obftruftion till I Should .come to where it
joined the land; and in cafe of an opening, how-
ever Small, I was determined at all events to pufh
through it. The weather clearer, and the land
in Sight.

nth. At half paft four in the morning the*
longitude by the lunar observation was 90 42' E.
And at the fame time by my watch ® 2 'E. Clo-
ven Cliff SSE, diftant eight miles. This would
make the longitude of Cloven Cliff9038' E ; which
is within twenty minutes of what it was determined
by the obfervations and furvey taken in Fair Ha-
ven. At noon the latitude obferved was 80° 4';
Vogel Sang WSW, Little wind and a great fwell
in the morning. Calm moft part of the day.

12th. Calm all day, with a great fwell from
the SW, and the weather remarkably mild. At
eight in the evening longitude by the watch io°
54' 30" E: Cloven Cliff SWbS. The Carcafs
drove with the current fo near the main body of
the ice, as to be obliged to anchor ; She came to

in twenty-fix fathom water.
13th.
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13th. Calm till noon, thé (hip driving to the
Weftward with the current, which we obferved
to be very irregular, the Carcafs being driven at
the feme time to the Eaftyvard. Near the main
body of the ice, the detached pieces probably affedt
thé currents, and occafion the great irregularity
which we remarked.- We had found an heavy
fwell' from the S Wthefe two days. At two in
thé afternoon it came on very fuddénly to blow freih
from that quarter, with foggy weather ; we work-
ed.into Vogel Sang, and anchored with the beft
bower in eleven fathom, foft clay.

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

body
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body 6f the ice lying (b near m to prevent any great
fea; nor ate (hips in any danger from the loofi: ice'
letting in, as this road communicates with léverai
others formed by différent iflaods, between all
which there are fefe paffagesi. To all the founds
and hatbottrS formed by this knot ofiihnds, die
old Englifh navigators had given the general natde
of Fair Havefli of which Fotheriby took a piat io
t6t 4 : that in which the Racehorfeand Circuis iay
at this time they called thé North Harbour-, thé
harbour of Smeetenberg, diftaflt about eéévén
miles, (in which Weé anchored in Augoft) theynun*
ed the South Harbour. Befides thele, there are
léverai Others) particularly two, called, Cbtk’s
Hole, and the Norway«, m botb Which foVeril
Dutch Thips were lying at rhfe time. Here
jlhore being fteep-to, we Completed our water With
great cafe, from thé ftreams which fall in many
places down the fides of the rocks, and tre pro*
duced by the melting of thé feoW -I fitted 6poo t
fmall flat ifland, or rock, about ihre« miles from
the Thip, and almoft in the center of thofe ifiandi
which form the many good road# hére, -as thé
propereft place for erefting a tent, and making
obfervations. The foggy weather on thé 14th
prevented us from ufing the Inftrufnerits that day.
T regretted this drcnmffance much, fearing It
would deprive me 6f the only probable oppor-
tunity of making obfervations on ihofé ’in thofo
high elatitudes, as our water was nearly recruited-:
however,
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however, having little wind, With the weather
very fair from the 15th to the «6th k>the ifjofn-
iog, I made the beft ufe of tbit tine. Even in the
deareft weather here, the fky Was wever free from
cloud«, which prevented our feeing the moon dur-
ing the whole of our flay, or even being fure of
our folar obfervations, Mr. Lyons never having
been able toget equal altitudes for fettling the rates
ofgoing of the time-keepers. Once indeed we
were fortunate enough to obferve a révolution of
the fivo, of which I availed myfelf to determine
the going of the; pendulum adjufted to vibrate fé-
conds at London. During tbe courfe of this ex-
periment, a particular and confiant attention was
paid to the ftate of the thermometer, which !
Was ferprifed to and differ fe little.about noon
and midnghtj its greuteft height was $7°i, at
eleven in the forenoon ; at midaaght it was 5 i°.

-On the 16th, it noon, the weather was re-
markably fine and clear. The thermometer in the
fhade being at 49°, when expofed to the fun rofe in
a few minutes to §9%, and remained feme
time, till a Imaii breeze ipringing up, made it faH
io 0 almoft inftantly. The weather at this time
was rather hot i ib that 1 imagine, if a thermome-
ter was to be graduated according to the feelings
of people in thefe latitudes, the point of tempera-
ture would be about the 44th degree of Fahren-
heit’s fcale. From this ifland 1 took a furvey, to

alc-rtain
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afcertain the fituation of all thé points and openings,
and the height of the moft remarkable mountains :
the longed bafe the ifland would aflbord was only
618 feet, which I determined by a crois bafe, as
well as adual meafurement, and found the refults
not to differ above three feet. To try how far the
accuracy of this furvey might be depended upon, I
took in a boar, with a fmall Hadley’s fextant, the
angles between feven objeéls, which interfered
exadtly when laid down upon the plan. I had a far-
ther proof of its accuracy fome days after, by tak-
ing the bearings of Vogel Sang and Hacluyt’s Head
Land in one, which correfponded exa&ly with their
pofition on my chart.

On the 17th, the weather being very clear, f
went up one of the hills, from which I could fee
feveral leagues to the NE: the ice appeared uni-
form and cornpaT, as far as my view extended.
During our day here, We found thé latitude of the
ifland on which the obfervations were made, to be
79° 5°'» longitude io® 2' 30" E ; variation 20°
38' W ; dip 820 7' : latitude of Cloven CIiff 79°
53'i longitude 90 59' 30" E: Hacluyt’s Head
Land 79® 47'; longitude 90 11' 30" E. The
tide rofe about four feet, and flowed at half an
hour after one, full and change. The tide.fet ir-
regularly, from the number of iflands between

which it pafled sbut the flood appeared to
from the Southward.
i8th.
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18th. The calm weather fince the 14th had
given us full time to finifh the obfervations, and
complete our water: a breeze fpringing up in the
morning, I went afhore to get the. inftruments oil
board. Between one and two we weighed, with
the wind Wefterty, and flood to the Northward.
Between eleven and twelve at night, bavijg run
about eight leagues, we were prevented by the
ice from getting farther. We flood along the edge
of it to the Southward. At two in the morning,

being embayed by the ice, I tacked, and left or- .

ders to fland to the Eailward along the edge of the
ice, as fbon as we could weather the point* hop-
ing, if there fhould be no opening between the land
and the ice, that1 fhould at leaft be able to afcer-
tain where they joined, and perhaps to difcover
from the land, whether there was. any profpeél of
a paflage that way : At that time the ice was aft folid
as.far as we could fee, without the leaft appearance
of water to the Northward. . '

19th. At fix in the morning we, had got to the
Eaftward among the loofe ice which lay very thick
in fhore, the main body to the Northward and East-
ward : the fend pear Deer Field -not four miles off,
and the water foaled to twenty fathoms. Jcfere
we found ourfelvea nearly in the feme place where
wé had twice been flopped, the ice fituated as be-
fore® locked with the fend, without «ny .paiTagcei-
ther to the Eaftward or Northward: I therefore
M flood
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flood back tothe Weftward. At noon the North-
ernmoft part of Vogel Sang bore-S W b §j diftant
about (even leagues. The weather being very fine,
and the wind to the Eaftward, we were enabled to
cdaft 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 afhip’s length.

aoth' At half after three in the morning the
land was out of fight, and we imagined ourfelves
in rather more than eighty degrees and an halfi
fdme of the openings being near two leagues deep,
had flattered us with hopes of getting to the North-
ward ; but thefe openings proved to be no more
than bays in the main body of the ice. About one
in’ the afternoon, we were by Our reckoning in aboqt
80° 34', nearly in; the fame place where we had
been on the pth. ' About three we bore away
for- what ,appeared -like an opening to the S W
we found the ice run far. to the Southward.

'2ift. We ftilf eontintied to run along the edge of
the-icé, which trended tothe Southward.1 At nooa
we were in the latitude-of y90 -by obfervation,
which Jvas twenty-five miles to the Southward of
ofif.f.sspkoning. -Finding that the direction of the
icfe led-us- to-the ";Southward, atfd that the current
fet-ibe fame-way,i Iiftood to the Northward and
Weftward clofe alorig the ice, xa trywvhcther the

o - 1'"j 5 feft
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fea was opened to the Northward by the wind
from that quarter. At nine in the evening we had
no ground with 200 fathom of line. At ten we
got into a ftream of loofe ice. The weather fine,
but cool all day, and lbmetimes foggy.

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

*23d. At midnight, tacked for the body of the
ice. Latitude obferved 80° 13' 38". Rainy in the
morning ; fair in the afternoon: ftill working up
to the Northward and Eaftward, with the wind
Eafterly. At fix in the evening, the Cloven CIiff
bearing South about fix leagues, (bunded in 200
fathom, muddy ground; the lead appeared to
to have funk one third of its length in the mud. At
two in the morning, with little wind, and a fwell
from the South Weft, I ftood to the Northward
amongft the loofe ice: at half pali two the main
body of the ice a cable’s length off and the logfe
ice (cclofe that we wore (hip, not having room
way enough to tack; (truck very hard againft the
iee in getting’the (hip round, and got upon one
piece, which lifted her in the water for near a mi-
nute, before her weight broke it. The (hips had

E 2 been
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been fo Well ftrengthenéd, that they received no
damage from thele ftrokes; and I could with thé
more confidence pufh through the loofe ice, to try
for openings. Hacluyt’s Head Land bore S 50f*
Wdiftant about feven leagues.

:24th. By this fituation of the ice we were dis-
appointed of getting directly to the Northward,
without any profpeft after fo many fruitlefs attempts
of being able to fuCceed to the Weftward ; nor in-
deed, could I with an Eafterly wind and heavy
fwell attempt it, as the wind from that quarter
would not only pack the loofe ice clofe to the Weft-
ward, but by Setting the fea on jt, make It as im-
proper to be approached as a rocky lee (hore. To
the Eaftward on the contrary it would make Smooth
water, and detach all the loofe ice from the edges ;
perhaps break a ftream open, and give us a fair
trial to the Northward; at all events, with an
Eafterly wind we could runout again, if we did not
find it praticable to proceed. Finding the ice fo
faft to the Northward and Weftward, it became a
deTirable objet to afeertain how far it was poifible
to get to the Eaftward, and by that means purfue
the voyage to the Northward. Thefe considera-
tions determined me to ply to the Eaftward, and
make another puih to get through where 1 had
been three times repulfed. In working to the Eaft-
ward, we kept as near the body of the ice as pof-
fible. At noon the Cloven CIliff bore SWbS

about .
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about (even leagues. At fix we were working to
ihe NE, and at nine we (leered to the SE, the
ice appearing more open, that way: we had freih
gales and cloudy weather. The ihip (truck very
hard in endeavouring to force through the loofe
ice. At midnight the wind freihened, and we
double reefed the topfeils. It was probably owing
to the freih gales this day, as well as to the fum-
mer being more advanced, that we were enabled
to get farther than in any of our former attempts
this way. We continued coafting the ice, and at
two in the morning the north part of Vogel Sang
and Hacluyt’s Head Land in one bore S 650 W *
.Cloven CIliff S 520 W ; the neareft part of the
ihore about three leagues off. When I left the
deck, at four in the morning, we were very near
the fpot where the (hips had been faft in the ice
on the yth in the evening, but rather farther to
the Eaftward ; we had paffed over the feme 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
tie loofe ice. At noon we bad deepened our water
to feveuty fathom, with muddy bottom, at the
diftance ,of about three miles from the neareft
land. By two in the afternoon we had paffed
Deer Field, which we had fo often before at-
E 3 tempted
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tempted without fuccefs 5 and finding the fea open,
to the NE, had the moft fiattering psolpedfc of
getting to the Northward. From this part, all the
way to the Eaftward, the coaft wears a different
face ; the.mountains, though .high, are neither fo-
fteep or fharp-pointed, nor of fo black a colour as
to the Weftward. It was probably owing to this
remarkable difference in the appearance of the
ihore, that the old navigators gave to places here-
abouts the names of Red Beachi and Red'
Clifff: One of them, (peaking of this part, has.
defcribed the whole country in a few words : “'Here
‘ (fays he) 1 faw a more natural earth and clay than,
“ any that I have feen in all the country, but no*
“ thing growing thereupon more than in other
“ places.” At two in the afternoon we had little
wind, and were in fight of Moffen Ifland, which is,
very low and flat.

|l

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

“ At io P M, the body of Moffen Ifland bearing
“E b S diftant two miles-, founded thirteen fa-.
“ thorns * rocky ground, with light brown mud,
“ and broken (hells. Sent the mafter on ihore,
“ who found the ifland to be nearly of a round
“ form, about two miles in diameter, with a lake

[13 or
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“ 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 lo (hallow they walked through
“ it, and went over upon thé fern folid ice. The
“ ground between the fea and the pond is from
“ halfa cable’s length to a quarter of a mile broad,
“ and the whole ifland covered with gravel and
“ fmall ftones, without the leaft verdure or vege-
* tation of any kind. They faw only one piece of
“ drift wood (about three fathom long, with a root
“ on it, and as thick as the Carcafs’s mizen mail)
 which had been thrown up over the high part of
“ the fand, and lay upon the declivity towards the
pond» They faw three bears, and a number of
“ wild ducks, geefe, and other fea fowls, with
“ birds neft$ all over the ifland. There was an in-
“ icription over the grave of a Dutchman, who
“ was buried there b July 1771. It was low water
at eleven o’clock when the boat landed, and the
tide appeared to flow eight or nine feet j at thac
time we found a current carrying the Ship to the
"N W from the ifland, which before carried us to
“ the S E (at the rate of a mile an hour) towards
“it. On the Weft fide is a fine white fendy 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
E4 coaft.
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coaft. To the Weftward the rocks were high,
and the ihores bold and fteep too; here the land
lhelved more, and the foundings were ihoal, frorii

j thirty to ten fathom, ft appears extraordinary that
none of the old navigators, who are fo accurate and
minute in their deforiptions of the coaft, have
'taken any notice of this ifland, fo remarkable and
different from every thing they had feen on the
Weftern coaft; unlels we ihould foppofe that it did

! not then exift, and that the ftreams from the great
ocean up the Weft fide of Spitsbergen, and through
the Waygat’s Straits, meeting here, have raifed
this bank, and occafioned the quantity of ice that
generally blocks up the coaft hereabouts.—At four
io the afternoon, hoifted out the boat, and tried the
current, which iet 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 Sb W, diftant about
five miles.

26th. About two in the morning, we had little
wind, with fog; made the fignals to the Carcais
for keeping company. At half an hour after three
in the afternoon, we were in longitude 20' 45"
E; variation, by the mean of five azimuths, 12®
47" W. At nine we faw land to the Eaftward j
fleering to the Northward with little wind, and no
ice in fight, except what we had paffed.

27th.
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27th. "Working (lili to the N E, we met with
fome loofe ice ; however from the opennefs of the
fea hitherto, fince we had palfed Deer Field, 1 had
great hopes of getting far to the Northward } but
about noon, being in the latitude of eighty and
forty-eight, by our reckoning, we were ftopped
by the main body of the ice, which we found lying
in a line, nearly Eaft and.Weft, quite folid. Hav-
ing tacked, I brought to, and founded dole to the
edge of the ice, in 79 fathom, muddy bottom.

The wind being ftill Eafterly, 1 worked up clofe
to the edge of the ice, coafting it all the way. At
fix in the evening we were in longitude 140 59' 30"
E, by obfervatioq.

28th. At midnight the latitude obferved was
S0037'. The main body of the ice ftill lying in
the fame dire&ion, we.continued working to the
Eaftward, and found feveral openings to the
Northward, of two or three mijes deep ; into
every one of which we ran, forcing the ihip,
wherever we could, by a prefs of fail, amongft the
loofe ice which we found here in much larger
pieces than to the Weftward. At fix in the morn-
ing the variation, by the mean of fix azimuths,

was i P®' W ; the horizon remarkably clear.
At noon, being clofe to the main body of the ice,
the latitude by obfervation was 80° 36' : we found-
ed in tot fathom, muddy ground. In the after-
noon the wind blew freih at N E, with a thick
¢ fog;
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fogi the ice hung mttch about the rigging. The
loofe ice being thick and clofe, we found ourfelves
ib much engaged in it, as to be obliged to run
back a confiderable diftance to the Weftward and
Southward, ' before we could extricate ourfelves :
we afterwards had both the fea and the weather
clear, and worked up to the North Eaftward. At
half paft five the longitude of the lhip was 150 1
45" E. At feven the Eafternmoft land bore E | N
diftant about feven or eight leagues, appearing like
deep bays and iflands, probably thofe called in the
Dutch charts the Seven Ifla; they 1
furrounded with ice. I ftood to the Southward, in
hopes of getting to the Southeaftward round the
ice, and between it and the land, where the water
appeared more open.

29th. At midnight the latitude by ohiervatioft
was 80° 21'. At four, tacked clofe to the ice,
hauled up the forefail and backed the mizen top-
fail, having too much way amongft the loofe ice.
At noon, latitude obferved 80° 24' 56". An
opening, which we fuppofed to be the entrance of
Waygat’s Straits, bore South ; the Northernmoft
land N Eb E ; the neareft ihore diftant about four
miles. In the afternoon the officer from the deck,
came down to tell me, we were very near a fmalf
rock even with the water’s edge ; on going up, I
few it within little more than a ihip’s length on the;
lee bow, and put the helm down : before the fbip
got

Digitized by v 4 O O Q L C



July.) J OURNAL. 59

got round, we were clofe to it, and perceived it to
be a very imaii piece of icé, covered with gravel,
in the evening, feeing the Northern part of the
iflands only over the ice, I was anxious to get round
it, in hopes of finding an opening under the land.
Being near a low fiat ifland oppofite the Waygat’s
fitraits, not higher, but much larger than Moffen
Ifland, we had an heavy fwell from the Southward,
with little wind, and from tea to twenty fathom ;
having got paft this ifland, approaching to the
high land to the Eaftward, we deepened our water
very fuddenly to i 17 fathom. Having little wind,
and the weather very clear, two of the officers went
with a boat in purfuit of fome fea-horfes, and after-
wards to the low ifland. At midnight we found by
©bfervation the latitude 80° 27' 3", and the dip
$2° 2 bAt four in the morning 1 found, by
Bouguer’s log, that the current fet two fathom t6
the Eaftward. At fix in the morning the officers
returned from the ifland ¢ in their way back they
had. fired at, and wounded a fea-horfe, which dived
immediately, and brought up with it a number of
others. They all joined in an attack upon the
boat, wrefted an oar from one of the men, and
were with difficulty prevented from ftaving or over*
fetting her : but a boat from the Carcafs joining
ours, they d.ifperfed. One of that fhip’s boats had
before been attacked in the fame manner off
Moffen Ifland. From Dr. Irving, who went on
this, party, I had the following account of the low
ifland, " ® * We

oisnzed vy GOOEIE



6p JOURNAL, {July;

We found feyeral large fir trees lying on the
“ ijhore, fixteen or eighteen feet above the level
‘“ of the fea: fome of thele trees were feventy feet
“ long, and had been torn up by thé roots ; other?
“ cut down by the axe, and notched for twelvp
“ feet lengths: this timber was no ways decayed,

or the itrokes of the hatchet in the leaft effaced.
**There were likewile fome pipe-ftaves, and wood
“ fafhioned for ufe. The beach was formed of
“ old timber, fand, and whale-bones.

“ The ifiand is about feven miles, long, fiat, and
“ formed chiefiy of ftones from eighteen to thirty
“ inches over, many of them hexagons, and com-
“ modioufly placed for. walking on : the middle
“ of the ifiand is covered with mois, fcurvy graft,

fbrrel, 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 alight grey-coloured fox ; and a creature

| “ fomewhat larger than a weafel, with ihort ears,

| ¢ long tail, and ikin fpotted white and black. The

ifiand abounds with fmall fnipes, fimilar to the

“ jack-fnipe in England. The Ducks were now
 hatching their eggs, and many wild geefe feeding
‘“ by the water fide.”

When 1 left the deck at fix in the morning, the
weather was remarkably clear, and quite calm.
To the N E, amongft the iflands, I fiiw much ice,
but alfi) much water between the pieces ; which

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

30th. Little winds, and calm -all day ; we got
ibmething to the Northward and Eaftward. At
noon we were by obfervation in latitude 80° 31'.
At three in the afternoon we were in longitude
18° 4iP E, being amongft the iflands, and in the
ice, with no appearance of an opening for the (hip.
Between eleven and twelve at night 1 fent the
raafter, 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 (hip which
might give us a profpea of getting farther ; with
diredtions if he could reach the (hore to go up one
of the mountains, in order to difcover thé 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 mailer returned between feven and eight, and
with him Captain Lutwidge, who had joined him
on (hore. They had aicended an high mountain,
from whence they commanded a profpect extending
to the Eaft and North Eaft ten or twelve leagues*
oyer one continued plain of fmooth unbroken ice,
bounded only by the horizon : they allo faw land
ftretching to the S E, laid down in the Dutch
Charts as iflands. The main body ofice, which
we had traced from Weft to Eaft, they now per-
ceived to join to thefe iflands, and from them to
what
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what is called the North Eaft laad. In returning,
the ice having dofed much fince they went, they
were frequently forced to haul the boat over it to
other openings. Thé weather exceedingly finé and
mild, and unufually clear. The fcene was beau-
tiful andlpidurelque ; the two (hips becalmed in a
large bay, with three apparent openings between
the iflands which formed it, but every-where fur-
rounded with ice as far as we could fee, with (bme
dreams of water ; not a breath of air; the water
perfedly fmooth ; the ice covered with (now, low,
and even, except a few brokén pieces near the
edges : the pools of water in thé 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 endea-
voured to force through the ice. At noon the ice
was fo clofe, that being unable to proceed, we
moored again to a field. In the afternoon we filled
our ca(k with frefh water from the ice, which we
found very pure and foft. The Carcafs moved,
and made fall to the fame field yith us. The ice
meafured eight yards ten inches in thicknefs at one
end, and feven yards eleven inches at the other.
At four in the afternoon the variation was 120 24'
W : at the fame time the longitude 1900' r5" E ;
by which we found that we had hardly moved to
the Eaftward fince the day before. .Calm moft

part of the day ¢ the weather very fiqethe ice
. clofed
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clofed faft, and was all round the.(hips'; no open-
ing to be feen any. where, except an hole of about
a mile and a half, where the (hips lay faft to the
ice with ice-anchors. We completed the water.
The (hip’s company were playing on the ice all day. .
The pilots being much farther than they had ever
been, and the féafbnadvancing, feemedalarmed at
being befet.

Auguft ift. The-ice prefled in faft; there was
not nofr the fmafleft opening ; the two (hips were
within kis than two.- lengths of each other, fepa-
ratéd by ice, andr 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 haany placeé forced higher than the main yard,
by the pieces, (qucezing together. Our latitude
thia, day at noon, by the doable altitude, was
80P 37..-

2d. Thick foggy wet weather, blowing freih
to the Weftward ; the-ice immediately about the
(hipa rather looter-than the day before, but yet
hourly fetting in fo faft upon us, that there feemed
to be no probability of getting the (hips out again,
without aftrbngEaft, or North Ealt wind. There
was not the fmalleft appearance of operi water, ex-
cept a little towards the Weft point of the North
Eaftland. The fevetvii(lands and North Eaft land,,
with the frozen fea, fbrmed almoft a bafon, leaving
but about four points .opening for the ice to drift
out, in cafe of a change of.wina  .....

3d
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3d. The weather very fine, clear, and caini;
we perceived that the (hips had been driven far to .
the Eaftward; the ice was much clofer than before,
and the paflkgé by which we had come in from the
Weftward clofed up, no open water being in fight,
either in that or any other quarter. The pilots
having exprefled a wiih to get if poflible farther
out, the (hips companies were iet to work at five
in the morning, to cut a paflage through the ice,
and warp through the imaii openings to the Weft-
ward. We found the ice -very deep, having
fawed fometimcs through, pieces twelve feet thick.
This labour Was continued itHe- whole day,' but
without any fucceis ; our utindft efforts not baving-
moéved the (hips above three hundred yards dae
Weftwatd through the ice, at the tame time that.:
they, had been driven (together with the ice itfdf,.
to which they were faft) far to the N E and Raft-..
wSrd, by thp currept.; which-had ajfo'forced .the .
loofe ice from’theWcft"ard,- between thc iflajjds, -
where it became: packed, and. as firm as, the main .
body. y S
N ! 1o\ m* I >*T
4th. Quite calm till *eycniqg, when we.-were
flattered with;a ligh,t air to the ,Eaftward, which
did not laft long, and had favourable effect.
The wind w"S.ndw at N W, with a very thick fog, :
the Thip driving to the Eaftwaid* The pilots feeth-. -
ed to apprehend'that, the ice extended very far to
the Southward and Weftward
Sth.
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S5th. The probability of getting the ihips out ap-
pearing every hour leis, and the feaibn being a
ready far advanced, fbme ipeedy reiblution became
necefiary as to the fteps to be taken for the pre-
fervation of the people. As the fituation of the
ihips prevented us from feeing the ftate of the ice
to the Weftward, by which our future proceeding*
muft in a great meafure be determined. I fent
Mr. Walden, one of the midihipmeti, with two
pilots, to an ifland about.twelve miles off, which
I have diftinguiihed in the charts by the name of
Walden’s ifland, to feewhere the open wa

moth Mr. Walden and the pilots, who were fent
the day before to examine the ftate of the ice from
the ifland, returned this meaning with an account,;
that the ice, though clofe all about us, was open to
the Weftward, round the point by which we cart]«
in. They alio told me, that when upon the ifladd
they had the wind very freih to the Eaftward"
though where the Ihips lay it had been almoft:
calm all day. This circumftance confidcrably
leifened the hopes we had hitherto entertained of
the immediate effeft of an Eafterly wind in clearing
the bay. We had but one alternative either pa-
tiently to wait the event of the weather upon the
ihips, in hopes of getting them out, or to betake
ourfelves to the boats. The ihips had driven into/
ihoal water, having but fourteen fathom. Should\
they, or the ice to which they were faft, take the
F ground,
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ground, they muil be inevitably loii, and probably
overfet. The hopes of getting the ihips out wis
not hailily to be relinquiihed, nor obilinately ad-
hered to, till all other means of retreat were cut off.
Having no harbour to lodge them in, it would be
impoffible to winter them here, with any probability
of their being again ferviceable ; our provifions
would be very ihort for fuch an undertaking, were
it otherwife feafible ; and fuppofing, what appeared
impoffible, that we could get to the neareil rocks,
and make fome conveniences for wintering, being
now in an unfrequented part, where ihips never
even attempt to come, we ihould have the fame
difficulties to encounter the next year, without the
fame reiburces ; the remains of the ihip’s company,
in all probability, not in health; no provifions }
and the fea not io open, this year having certainly
been uncommonly clear. Indeed it could not have
been expe&ed that more than a very fmall part
ihould furvive the hardfhips of fuch a winter with
every advantage ; much leis in our prefent fituation.
On the other hand, the undertaking to move fo
large a body for fo confiderable a diitance by boats,
was not without very ferious difficulties. Should
we remain much longer here, the bad weather
muil be expedted toiet in. The ilay of the Dutch-
men to the Northward is very doubtful : if- the
Northern harbours keep clear, they ilay till the
beginning of September ; but when the loofe ice
fets in, they quit them immediately. I thought it

proper
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proper to lend for the officers of both fhips, and
informed them of my intention of preparing the
boats for going away. 1 immediately hoilled out
the boats, and took every precaution in my power
to make them fecure and comfortable : the fitting
would necelfarily take up fome days. The water
ihoaling, and the ihips driving faft towards the
rocks to the NE, Ilordered canvafs bread-bags to
be made, in cafe it ihould be neceflary very iud-
denly to betake ourfelves to the boats : I allo fent a
man with a lead and line to the Northward, and
another from the Carcais to the Eaftward, to found
wherever they found cracks in the ice, that we
might have notice before either the ihips, or the
ice to which they were fait, took the ground ; as
in that cafe, they muft inftantly have been crufthed
or overfet. The weather bad; mod part of the
day foggy, and rather cold.

7th. In the morning I fet out with the Launch
over the ice; ihe hauled much eafier than I could
have expedted ; we got her about two miles. I
then returned with the people for their dinner.
Finding the ice rather more open near the ihips, I
was encouraged to attempt moving them. The
wind being Eafterly,- though but little of it, we fet
the fails, and got the fhips about a mile to the
Weftward. They moved indeed, but very ilowly,
and were not now by a great deal fix far to the
Weftward as where they were befct. However, I
F kept
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* kept all the fail upon them, to force through when-
ever theice flacked the leaft. The people behaved
very well in hauling the boat ; they feemed recon-
ciled to the idea of quitting the Thips, and to hav.e
jthe fulleft confidence in their officers.' The boats
could not with the greased diligence be got to the
water fide before the fourteenth if the fituation of
.the (hips did not alter by that time, I ihould not be
juliified in flaying longer by them. In the mean
lime I refolved to carry on both attempts together,
moving the boats conftantly, but without omitting
any opportunity of getting the ihips through.

8th. At half paft four, lent two pilots with three
men to fee the ftate of the ice to the Weftward,
that I might judge of the probability of getting thé
ihips out. At nine they returned, and reported'the
ice to be very heavy and clofe, confifling chiefly of
large fields. Between nine, and ten this morning,
Jfet out with the people, 3ndgot the Launch above
three jniles, The Weather being foggy, and the
people having worked hard, I thought it beft to
return on board between fix and feveh. The ihips
had intha mean time moved ibmething through
the ice, and the ice itfelf had drifted ftill more to
jhe Weftward. At night therb was little wind,
gnd a-thick fcg, i6 that I could notjudge,preciiély
pf the advantage we had gained} but I .ftill feared
that, however flattering, it was not jich as tojuftify
A my
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my giving up the idea of moving the boats, the
feafon advancing fo faft, the prefervation of-the

thips 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 afternoon, upon its clearing up, we were a-
greeably furprized to find the ihips had driven much
more than we could have expected to the Weft-
ward. We worked hard all day, and got them
fomething more to the Weftward through the
ice; but nothing in companion to what the ice it-
felf had drifted. We got paft the Launches; 1
font a number of men for them, and got them on
board. Between three and four in the morning the
wind was Wefteriy, and it fnowed faft. The peo-
ple having been much fatigued, we were obliged to
defift from working for a few hours. The pro-
greis which the ihips had made through the ice
was, however, a very favourable event: the drift
of the ice was an advantage that might be as fudr
denly loft, as it had been unexpectedly gained, by
a change in the current: we had experienced the
inefficacy of an Eafterly wind when far in the bay,
and under the high land; but having now got
through fo much of the ice, we began again to con-
ceive hopes that a briik gale from that quarter
Vrould foon effectually clear us.

F 3 loth.
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loth. The wind fpringing up to the NN E in
the morning, we fet all the laii we could upon the
ihip, and forced her through a great.deal of very
heavy ice: ihe ftruck often very hard, and with
one ftroke broke the (hank of the beft bower an-
chor. . About noon we had got her through all the
ice, and out to fea. 1 ftood 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 ftanding to the Weftward, be-
tween the land and the ice, both in fighti the

weather hazy.

nth. Came to an anchor jn the harbour of
Smeerenberg, to refrefii the people after their fa-
tigues. We found here four of the Dutch ihips,
which we had left in the Norways when we failed
from Vogel Sang, and upon which I had depended
for carrying the people home in cafe we had been
obliged to quit the Thips. In this Sound there is
good anchorage in thirteen fathom, fandy bottom,
not far from the fliore : it is well iheltered from all
winds. The ifiand clofe to which we lay is called
Amfterdam Ifiand, the Wefternmoft point of
which is Hacluyt’s Head Land : here the Dutch
tifed formerly to boil their whale-oil, and the re-
mains of ibme conveniencies ereéted by them for"
that purpofe are ftill vifible. Once they attempted
to make an eftabliihment, and left fbme people to
winter here, who all periihed. The Dutch ihips
ftill
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ftill refbrt to this place for the latter feaibn of the
whale fifhery.

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

13th. Rain, and blowing hard: two of the
Dytch (hips failed for Holland.

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

18th. Completed the obfervations. Calm all
day. During our ftay, I again fet up the pendu-
lum, but was not fo fortunate as before, never hav-
ing been able to get an obfervation of a revolution of
the fun, or even equal.altitudes for the time. We
had an opportunity of determining the refra&ion at
midnight, which anfwered within a few féconds
to the calculation in Dr. Bradley’s table, allowing
for the barometer and thermometer. Being within
fight of Cloven Cliff, Itook a furvey of this part of
Fair Haven, to connect it with the planof the.other
part Dr. Irving climbed up a mountain, to take
its height with the barometer, which I determined
at the fame time geometrically with great care. By
repeated obfervations here we found the latitude to
be 790.44', which by the furvey correfpoaded
exaétly with the latitude of Cloven Cliffi determin-
ed before; the longitude 90 50' 45" E; dip 820
8' i yariation 180 57' W; which agrees allo with
F 4 the
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the obfervation made on lhore in July. The tide,
flowed here half pali one, the fame as in Vogel
Sang harbour.

Oppofite to the place where the inftmments;
flood, was one,of the moft remarkable Icebergs in
this country. Icebergs arelarge bodies of ice filling;
the vallies between the high mountainsi the face
towards the lea is nearly perpendicular, and of a
very lively light green colour. This was about
three hundred feet high, with a cafcade of water
iifuing out of it. The black mountains, white
fnow, and beautiful colour of the ice, make a very
romantiek and uncommon pi&ure. Large pieces
frequently break off from th¢ 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 j it was fifty feet
high above the furface of the water, and of the
fame beautiful colour as the Iceberg.

A particular defeription of all the plants and ani-
mals will have a place in the Appendix. I fhalll
here mention fuch general obfervations as my
fftort 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
df minerals of “py kind, nor the leaft appearance,
of prefent, or remains of former Volcanoes. Nei-
ther did we meet with infefts, or any fpecies of
reptiles; not even the common earthworm. We
faw no fprings or rivers, the water, which we

found
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found io great plenty, being aU produced by the
melting ofthe foow from the mountains. During
the >vhole time we were in- thefe latitudes, there
was no thunder or .lightning. 1 muft aUb add, that
I never found what is mentioned by Marten (who
is generally accurate.in his obfervations, and faith-
ful io his accounts) of the foa at midnight rcfem-
bling in appearance the moon; 1 few.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 hght ap-
pearing there, as well as elfewhere, to depend up-
on the obliquity of his rays. The Iky was in ge-
neral loaded with hard white clouds; fo that I do
not remember to have ever feen the fon and the
horizon both free from them even, in the cleared
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 #knk  cf theHudfon remarked,
that the fea where he met with ice was blue; but
the green fea was free from it. I was particularly
attentive to obferve this difference, but could never
difcem it.

The Driftwood in thefe feas has given rife to
various opinions and conjectures, both as to its
nature and the place of its growth. Ali that which
we faw (except the pipe-ftaves taken notice of by
Doctor Irving on the Low Ifiand) was fir, and not
worm-eaten. The place of its growth I had no
opportunity of afcertaining. The
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The nature of the ice was a principal objeét of
attentionin this climate. We found always agreat
fwell near the edge of it; but whenever we got '
within the loofe ice, the water was conftantly

fmooth. The loofe fields and flaws, as well as the
interior part of the fixed ice, were flat, and low:
with the wind blowing on the ice, the loofe parts
were always, to ufe the phrafe of the Greenland- m
men, packed; the ice at the edges appearing rough .
and piled up; this roughnefs and height I imagine ;
to proceed from the (mailer pieces being thrown up
by the force of the fea on the folid part. During
the time that we were faft amongft the Seven
lilands, we had frequent opportunities of obferving*
the irrefiftible force of the large bodies of floating ’
ice. We have often ieen a piece of feveral acres
fquare lifted up between two much larger pieces, ’
and as it Were becoming one with them; and af-'
terwards this piece fo formed aCting in the lame
manner upon a fécond and third ; which would -
probably have continued to be the effeCt, till the
whole bay had been fo filled with ice that the dif-
férent pieces could have had no metion, had not
the ftream taken an unexpected turn, and fet the
ice out of the bay,

19th. Weighed in the morning with the wind at
NNE. Before we got out of the bay it fell calm.'
I obiérved for thefe three or four days, about eleven '

in the evening, an appearance of duik.
20th.
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20th. At midnight, being exactly jn the latitude
of Cloven Cliffi Mr. Harvey took an obfervation
for the refra&jon ; which we found to agree with
the tables. The wind Southerly all day, blowing
freih in the afternoon. About nopq fell in with a
ftream of loofe ice, and about four made the main
ice near us. We ftood-to the W N W along it-at
night, and fopnd it in the (Ame fituation as wheq.
we (aw it before ; the wind frelhened and the wea-
ther grew thick, fo that we loii fight of it, and
could not venture to (land nearer, the wind being
SSW.

2 1ft. At two in the morning we were clofe in
with the body of the Weft ice, and obliged to
tack for it ; blowing freih, with a very heavy fea
from the Southward. The wind abated in the af-
ternoon, but the fwell continued, with a thick fog.

'\ 22d. The wind fprung up Northerly, with a
thick fog 5 about ridon moderate and clearer but
coming on to blow fre(h again in the evening, with
a great fea, and thick fog, I was forced to haul
more to the Eaftward, left we (hould be embayed,
or tun upon lee ice.

'J'he feafon was fo very far advanced, and fogs
as well as gales of wind fo much to be expedted,
that nothing more could now have been done, had
any thing been/ left untried. The fummer ap-
pears to have been uncommonly favourable for our

purpofe,
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purpofe, and afforded us the fulleft opportunity of
aicertaining repeatedly the fituation of that wall of
ice, extending for more than twenty degrees be-
tween the latitudes of eighty and' eighty-one, with-
out the fmalleft appearance of any opening,

I'ihould here conclude the account of the voy-
age, had not (bme obfervations and experiments
occurred on the pafTage home.

In fleering to the Southward we fbon found the
weather grow more mild, or rather to our feelings
warm. Auguft 24th, we faw Jupiter : the fight
of a ftar was now become almoft as extraordinary
a phenomenon, as the fun at midnight when we
firft got within the Ar&ic circle. The weather
was very fine for feme part of the voyage ; on the
4th of September, the water being perfettly fmooth
with a dead calm, I repeated with fuccefs the at-
tempt I had made to get foundings in the main
ocean at great depths, and flruck ground in fix
hundred andeighty-three fathoms, with circutn-
fiances (which will be mentioned in the Appendix}
that convince the. I was not njiftaken in the depth3
the bottom was a fine foft blue clay. From the
yth of September, when we were off Shetland,
till the 24th, when we made Orfordnefs, we had
very hard gales of wind with little intermiffion,
which were conilantly indicated fevcral hours be-
fore they came on by the fall of the barometer,
and rife of the manometer : this proved to me the

utility
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utility of thofe inftrurnents at fea. lo one of thefe
gafes, the hardeft, 1 think, 1ever 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
ihore, to clear the. (hip of water. 1 cannot omit
this opportunity of repeating, that 1 had the great-
eft rcafon on this, as well as every other critical oc-
casion, to be fatisfted with the behaviour both ef
the officers and feamen. io one of thefe gales on the
12th of September, Dr. Irving tried the tempera-
ture of the fea in that ftate of agitation, and ftmqd
i it confiderably warmer than that of the atmofphere.
Thisobfervation is the more interefting, as it agrees
with a paiTage in Plutarch’s Natural Qieflions, 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 (ailing from England was the
propereft that could have been chofen. Thefe
gales are as common in the Spring as in the Au-
tumn : there is every reafon to fuppofe therefore,
that at an early feaion we (hould 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 flores and provifions, ren-
dered the (hips-fe deep in the water, that in heavy
gales the boats, with many of the flores, mult pro-
bably
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bably have been thrown overboard; as we expe-
rienced on oar way home, though the ihips were
then much lightened by the confumption of provi-
fions, and expenditure of flores. Such accidents
in the outfet muft have defeated the voyage. At
the time we failed, added to the fine weather, we
had the further advantage of nearly reaching the
latitude of eighty without feeing ice, which the
Greenlandmen generally fall in with in the latitude
of feventy-three or feventy-four. There was alfo
moft probability, if ever navigation ihould be
practicable to the Pole, of finding the fea open to
the Northward after the iblftice; 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 Spitibergen.

APPENDIX.
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Eftabliihment of o rricers and M e~ for the
R ACEHORSE.

NE Commander.
Three Lieutenants.
One Matter.
One Boatfwain.
One Gunner.
One Carpenter. .
One Purfer.
One Surgeon.
One Surgeon’s Mate.
*One Cook.
Three Matter's Mates.
Six Midihipmen.
One Captain’s Clerk.
Two Quarter Matters.
One Quarter Matter’s Mate.
TwoBoatfwain’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 Carpenter’s Mates.
Two Carpenter’s Crew.
One Steward.
One Corporal.
Fifty Seamen.
Two Pilots.
In all Ninety-two,
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A PPENDTIX

OBSERVATIONS on difféerent M ETHODS of mea»
luring a SHIP’S W AY.

HE degree of accuracy with which the di-
T {lance run by a ihip can be meafured, is a
thing of great importance, but unfortunately not
eafily to be afcertained, from the great variety of cir-
cumdances which may occafion errors in the reck- .
oning, and which, though not depending upon the
meafure of the (hip’s way, may in voyages not near-
ly upon a meridian be confounded with thofe that
do. The circumftances of the preient voyage gave
me the faired opportunity of trying this experi-
ment, 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 didance. When the diffe-
rence of latitude is the (ame as the didance, it
gives frequent opportunities of comparing the reck-
oning with the obfervation, and whatever error is
found mud be attributed to the imperfections in
the manner of meafuring the didance. Mod of
the writers on this fub}e;t have attributed the er-
rors to a faulty divifion of the log-line.

Before Norwood meafured a degree, the length
of a minute had been erroneoufly fuppofed 5000
feeti in confequence of which, the log line, from
the fird ufe of that indrument about the year 1570,
was invariably marked forty-two feet to thirty <€

K tends.
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conds. Norwood, when he publiihed his Seaman's
Praélice, ftated the trtie meafure to be fifty-one
feet to thirty féconds ; but, as the (hip would really
run more than is given by the log, and it is right
to have the reckoning ahead of the (hip, he recom-
mended marking the log line fifty feet to thirty fé-
conds. It does not appear at what time an altera-
tion either in the marking the log, or the length
of the glaii, took place in confequence of thele
obfervations : Sir Jonas Moore in his Navigation
which was publiihed in the reign of Charles Il
mentions* that the feamen, having found the old
log not to anfwer, had fhortened the glafs to
twenty-five féconds, which was equal to a line
marked fifty feet with a glafs of thirty féconds j
but he rather recommends reftoring the Half mi-
nute 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
compenfation for the accidental errors to which the
log is fubjeCt, or from a preference of a meafure
nearly equal to the ftatute mile, have uiéd a line of
forty five feet to thirty féconds, or a glafs of
twenty-eight féconds to forty-two feet.

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

furement
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furement derived from theory. In the preface to
his SaenwrisBdfiice he fays, “ Becaufe I am per-
**loaded we have at this day as many excellent na-
“ vigators in this kingdom, and as great voyages
* performed, as from any other place in the world,
* ] ihould be glad to hear of the experimental re-
“ iblution of this problem by fome of them, though
" it were but running eight or ten degrees a»>r the
“ meridian j 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 injthe diftance arifen only from
a fault in marking the line, nothing would have
been more eafy than to have removed that diffi-
culty, by comparing carefully the different mea«
fures with the obfervations, and adhering to that
which had been found to correipond beft with them.
But the diftance meafured by the log being renr
dered uncertain by many accidental circumftances,
it becomes difficult, or rather impoffible, to find
any length of line which will fhew invariably the
diftance run by the (hip, or even to alcertain with
precifion that meafure which will at all times come
neareft the truth. Some of thefe circumftances
are:

i .The effe&s of currents.
2. The yawning of the (hip going with the

wind aft, or upon the quarter, when (he is feldom
K zRerad
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fleered within a point each way : this I mention a*
an error in die diftance, and not in the courie $
fierce, though the ihip by being yawed equally
each way nay make the intended courfc good upon
the whole, yet the diftance will be Shortened as the
verfed fine of the angle between the fine intended
and that fleered upon.

3. By the Ihip being driven on by the fwett, or

the log during the time o leavin
up nearer the ftiip.
4. By the log comingborme keing drawn aft

the ihip, by the fridtion of the reel and the light-
nefe of the log. Norwood mentions thefe two lafii,
and fays,#For thefe caufes, it is fike, there may
4 fometimes be allowed three or four fathoms more
44 than is veered out; but this, (asa thing mutable
" and uncertain) being fometimes more, fometimes
* lefs, cannot be brought to any certain rule, but
41 fuch allowance may be made as a man in his ex-
Clperience 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 in*
te.rvals, for which an arbitrary corredlion is made
by the officer of the watch ; and though men of
fkili and experience come near the truth, yet this
allowance muft, from.its nature, be inaccurate.

*
>

e * 'Thefe
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Tfadé circumftances did not dicape M. Bbu-
guer’s attention, and his ingenuity fuggofted to
him an improvement of the common log, which
would correct the errors likely to arifé from the
inoft material of thefe circumftances : a defcription
of this improvement he publiihed at large in the
Memoirs of the Academy of Sciences for the year
1747 » k A3 @®ncc “ecn »bridged in the edition of
his Navigation by De la Caille. It appears extra-
ordinary that this log Ihould never have been made
oié of by others *—the great reputation of the au-
thor, as we® as the very good reafons he offers in
favour of his improvement, were fuffieient induce-
ments to me to try the experiment.

In the log which I made ufé of,

The length of the eone was 12 inches.
The diameter of the taie — stj.

The weight of the «one — — 25 ounces.
The diagonal length of the diver 14 inches.
The length of each fidle — — 9},

The weight of the diver — 26 iouncéSi

The length of line from the diver to the oone,
50 feet; the log line 51 feet to a knot.

Whether M. Bouguer’s log will (as he expe&ed)
correi: the errors arifing from currents in the com-
mon leg, 1 had no opportunity of difcovering in
this voyage.

The fécond error, which no log will correft,
cannot be attended with any bad effeft, as it muft
K3 make
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make the reckoning, in whatever degree it takes
place, ahead of the Thip.

By obferving M. Bouguer’s rules in comparing
it with the common log, which for that purpofe
muft be reckoned at fifty-one feet, it will, I think,
very fully corred! the third and fourth, which are
the moft material errorsi as the agitation of the
fea fromwinds does not exceed the depth to which
the diver is let down, and the weight of the whole
machine prevents thefridtion of the reel from hav-
ing an effedt 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 paiTage out, I contented myfelf
with having Bouguer’s log occafionally, to obferve
what precautions were neceflary to be taken to
prevent errors, as well as to find whether its varia*
tionsfrom the common log were on the fame fide as
the meridian obfervation required. 1 found that it
was necelfary to take care that the divér ihould be
of fqch a weight as to let only the top of the eone
fwim % but not heavy enough to fink it, as in that
cale it would be liable to an error in excels, by mea-
furing the depth that the diver would fink in addi-
tion to the Thip’s way. It was neceflary to put a
weight of lead to the bottom of the diver, to fink
it. down to its place before the ftray line was out.

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

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

aftern, two miles ahead of the (hip.
On the paflage home it was tried from the lati-

tude of eighty degrees eleven minutes tofixty-eight
degrees eleven minutes ; in which diftance, though
the ihip was much yawed from the fea being fre-
quently upon the quarter, this log was only thirty-
one miles ahead of the ihip, which might be owing
entirely to that circumftance without any other caufe.

The ftate of the common log on the paflage out,
when the weather was remarkably fine and water
in general fmooth, was, from the latitude of fixty
degrees thirty-feven minutes to feventv-eight de-

grees eight minutes, with the line marked, fifty-
K 4 ene
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one feet to thirty feconds, one degree fifty-eight
minutes aftern of the ihip, with the line marked
forty-five feet to thirty feconds, four miles ahead
of the ihip. On the paflage home, the log at
fifty-one feet to thirty feconds, thirty-five miles
aftern of the ihip ; at forty-five to thirty feconds,
one degree feven minutes ahead of the ihip. As
far therefore as the experience of this voyage ex-
tends, it appears that the errors of the log marked
forty-five feet are always on the fafe fide» and
that thofe of the longer marked line are always
ihort of the run; but that Bouguer’s is much more
accurate than either.

m It is not to be expected that the obfervations of a
Tingle voyage can be fufficient to determine the rae-
Htof any inftrument, particularly one of fo much
Confequence as the log. 1 thought it right, howe-
ver, to give an account of the trial I made of the
different methods, and of fuch remarks as occured.
to me.

In the following table the courfe is put down, in
the firft colum, for all the diftances and latitudes»
aftér the diftance and latitude, according to each'
marking of the log, there is a column for the dif-
ference between that latitude, and the latitude ob-
ferved. I thought it beft to continue the reckon—
ings without corrections, as if there had been no
obfervation, in order to (hew the difference upon-
the whole run, as well as from one obfervation to an-.
Other. - TABLE
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27
136
131

54

cQ

60
62
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I alto tried two perpetual logs; one invented Uy
Mr. Ruffell, the other by Foxon, both conftrufted
upon this principle, that a Spiral, in proceeding
its own length in the dire&ionof its ans through a
refilling medium, makes one revolution round the
axis ; if therefore 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
thele the motion of the ipiral in the water is com*
municated to the clock-work within board, by
means of a (mali line, fattened at one end to the
(pira!, which tows it after the (hip, and at the other
to a fpindle which (éts the clock-work in motion.
That invented by Mr. Ruffell has a half (piral of
two threads, made of copper, and a fmalldial with
clock-work, to regifter the number of turns of the
ipiral. 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 (hew
the rate by the half minute glafs, for the conve-
nience of comparing it with the log.

* This log, like all others, is liable to the firft
érror, as well as to the fécond. The third it par-
takes of in a very imaii degree, only afteéling the
reckoning by that quantity which the fpiral is
thrown towards the (hipi whereas in the log the
fame circumftance affects the whole rate for the
hour. The fourth it is entirely free from, as well

as
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as the fifth. It will have the advantage of every
other in fmooth water and moderate weather,
when it is neceffary to (land on one courfe for any
particular diftance, efpecially in the night, or a fog,
as it meafures exattly the diftance run. It will alib
be very ufeful in finding the trim of a (hip, when
alone ; as well as in Purveying a coaft in a fingle (hip,
or in meafuring diftances in a boat between head*
lands or (hoals, when a bafe is not otherwiie to be
obtained ;. both which it will do with thegreateft ac-
curacy inimooth water, with a large wind, and no
tide or current. ' Eut notwithftanding thele advan-
tages, which .will make it very ufeful and worth
having, I doubt much whether it might ever be
fubftituted entirely in the room of the common log.
Machines eafily repaired or replaced have advan-
tages at fea, which (hould not lightly be given up for
others more (pecious.

OBSERVATIONS
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Observations on the Ufe of the M egamecter
in Marine Surveying.

HE greateft difficulty in marine furveying is

T 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 Ihoals, when either want of time
or othér circumftancés make it impracticable to
land and meafure a bafe. The ulua! way is, to
eftimate the diftance by the log, and to take the
angles by the compais. This method is liable to
many errors, and affords no means of correcting
or difcovering them. The Megameter, conftruCt-
ed upon the principles of the objeCt-glais micro-
meter, deferibed by M. de Charniere and applied
by him to find the longitude at fea, I thought
might be ofefully applied to marine furveying.
That which 1 ufed was made by Ram(den, with
ibme improvements. The advantages I imagined
might be derived from this inftrument were, a
more correCt and expeditious manner of determining
the polition of coafts, and the diftance of Ihoals or
the ihip from headlands. This inftrument being
divided to ten feconds, an angle may be taken by
it with great accuracy to fivefeconds. The height
of a (hip’s maft-head above the water being known,
it is eafy to find with this inftrument, by a fingle
obfervation, the diftance between two ihips, and
con-

Google
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confequently to determine a bafe. The angles
being taken with an Hadley's quadrant from each;
of the ihips, to the objeas whofe fituations are de-
figned to be afeertained, the diftance may be found ;
and, ponfequently, their relative fitnations. If
there is a megameter ;a each ihipy the altitudes
taken from both ihips at one inftant, and the
angles of the different parts of the coaft intended
to be furveyed obferved with an Hadley's quadrant
at the feme time, will give the fituation with more
accuracy and expedition than any method of farvey-
ing from (hips hitherto pradtifed ; with the farther
advantage of the certain means of detedting any
error in the obfervation, fo as tojudge whether it is
of fufiicient importance to be attended to. The
only precautions neceflary are ; to make the obfer-
vations at the fame inftant, to prevent their being
affedted by any alteration in the relative pofition of
the (bips, as a very imaii one there would occafioa
a confiderable error in the diftance; and to be care-
ful in chufing objedts fufficiently defined and re-
markable. This method of furveying has the fur-
ther advantage of giving the fcale of a coaft ; Sea-
men, though they judge very accurately of their
diftance from places upon coafts well known to
them, are very often miftaken when they fall in
with land they have never feen before ; of which
we had, at firft, feme inftances in this voyage, the
height of the mountains, before we knew the (bale
of the coaft, making us always think ourfelves

nearer
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nearer the land than we really were. Where the
coaft is at all high, the megameter affords a very
accurate and expeditious method of determining
tile height of all the points, when their diftances
are found ; and thence, the heights being-known,
of afcertainin® immediately by a {ingle obifrvation
the lituation of the fhip, or the latitude of any
point by the bearings at the time of a meridian
obiervanon : the direétion and rate of currents os
tides may alfo be found io this manner with great
accuracy. I made feveral obfervations during this
voyage with the megameter, ibme of which I ihall
give as examples ; they were fufficient to prove to
me the great accuracy that may be attained with
this inftrument after fome pra&ice. 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 fingle obfervation,
is obvious.

June the fifteenth, the ihip being in latitude 60°
19', longitude 0° 39' W, Hangdiffbore S 63000’
W ;'"'variation, 230

The altitude of the Carcais’s maft, by the mega-
metes, was 35' 48'"; height of the maft, 102,75
feet} hence the diftance between the Racehorfe
and Carcafs was 9861 feet: angle between the
Carcafc and Hangcliff, 85048'; between the Race-
horfe and Hangcliff 870 .00'; From whence the
difference of latitude was found io' S ; difference
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of longitude 17' W. Therefore, the latitude of
Hangcliff is 60°9'} longitude 0° 56' W.

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

Difference 2,375 feet.

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

Difference 183 feet.

Which is not more than the ihips might have
changed their pofition in the time of reading offand
fetting down the firft obfervation before taking the

fécond.

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 iixteen feet. At other

diftances the error decreafes as the fquares of the
diftancea
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diftances decreafe; and at other heights it decreafes
as the heights decreafe.

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

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

The only calés which can occur in pradtice are
two; the one when the height is given to find the
diftance ; the other when, the diftance being known,
the height of the objedt is to be deduced from the
obfervation : both which are eafily lolved by the
following pradtical rules.

To find the Diftance.

To the apparent altitude of the objedt above the
fenfible horizon, add the complement of the dip
anfwering to the height of the obiérver’s eye above
the fea ; the fum is the angle BAE (fig. 1.) ; $nd
lay : As the femi-diameter of the earth increafed
by the height of the objedt, is to the femidiameter
increafed by the-height of the eye ; fo is the fine of

B AE,
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BAE, to abother fine, which is thatof the angle
B ; the difference between i 80°, and the fum of
the two angles BAE and B, is the value, in de-
grees and minutes, of the arc G C of the earth’s
furface intercepted between the eye and object
Multiply the number of minutes and decimal parts
of a minute in this arc by the value of one minute
in miles, fathoms, or fuch meafure as may be moft
convenient, and you will have the diftance in the
like meafure.

EXAMPLE

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

obferved to be — — i° 47" 6"
The height of the eye being 16 feet,
the complement of the dip is 820 56' 11"

The fiim isE A B 9t0 43' 17"

To the femidiameter of the earth

in yards 6966382 - - 6966382
Add the height Add the height
of the objedt 1503 of the eye 5%
Semidiam. + Semidiam. +
height af* the height of
objedt 666788 Je eye 69663874
As
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As 69(57885 6x. 3*1568990
To 6966387 168430076
Sois Sine EAB 90°43' 17" 9,9998040
To fine B 8754 30 *9,9997106

m 373

Subtraded from 180 0 o

0 22 13 the diftance.
Therefore the diftagce is 22*22 muwtes* or nautical
mile?.
This multiplied by - 2040 the number of yards
-—---—  in one minute,

The prodad 45328*8 is the diftance in
-=—m—=mem— - yards.

To find the Height

To the apparent altitude of the objed aboye the
fenfible horizon, add the complement of the dipan-
fweri.pg to the.height of the obferver’s eye above the
fea* fumis the angle B A E ; to this add the ho-
rizontal diftance of the eye (uid objed in degrees
aud .minute?, and fubtrad the furp from 180°, the
remainder is.the angle B : then fay, as the fineof B
is to the fine of B A E, ibis die ftmtdiameter of the
earth increafed by the height of .the eye toa fourth
number; from which fubtrading.the femidiameter
of the earth, the -remainder is the height cf the ob-
jed.

L EXAMPLE”’
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EXAMPLE.
July the fécond, the apparent alti-
tude of Snow Peak was obférved to
be, at the diftance of 37507 yards or
le 30 2 12 20
The height of the eye being 5 *
yards, the complement of the

- 89 56 il

Hence the angle BAE 92 8 31
Horizontal diftance 18 39

92 27 i
Subtracted from 180

Angle B 87 32 59
Semidiameter ofthe earth 6966382

Heightof the Eye 57
Semidiameter + height of
the eye 69663877

As fineB 870 32' 59" Co. Ar. 0,0003972
TofineBAE92 8 31 9,9996965
So is femidiameter+ height

of theeye= 6966387 4 yards 6,8430076

To 6967888 .6,8431013
Semidiameter 6966382

Height 1506 in yards.
''n * DEMON-
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DEMONSTRATION.

'Let GF C (plate L fig. i.) reprefent the furface
of the earth, E its centre, B C the height of a hill
or other objedt rifing perpendicular from C; A is
the place of the obferver’s eye, whofe height above
the level of the fea is A G.. Draw A H perpendi-
cular to AE, and A F touching the circle GF C
m F. Then H AF is the dip, E A F its comple-
ment, D A B is the apparent aldtude of the objedt
above the feniible horizon ; to this add E A D, the
fumisEAB. In the triangleE AB, the fide E A
is the fum of the femidiameter EG and G A the
height of the obferver’s eye ; EB the fum of the
femidiameter E C and CB the height of the objedt ;
the angle A E B is meafured by GC the horizontal
diftance between the obferver and objedt. 'Now in
the firft cafe there are given in the triangle EAB,
the fides E A, E B, and the angle B AE, to find the
angle AEB; and in the fécond there are given the
angles BAE, AE Band the fide E A, to find the
fide E B and confequently BC. The trigonometri-
cal folutions of thefe:cafes are the above pradtical
rules.

OBSERVATIONS
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OBSERVATIONS on”iie VARIATION.

HE Variation of the compais, always an in-
T terofting object to navigators and philofo-
phers, became peculiarly io in this voyage from
the near approach tothte Pode. Many of the theo-
ries that had been pmpofed on this fulgeft> were
to be hrought to the teft of obfervations made in
high latitudes, by which «done their fallacy or uti-
lity could he difcoveied. They of courfe engaged
much of my attention, and gave me the fuUeft
opportunity of experiencing, with r*ret, the ma-
ny Hbperfe&ioos of what is called the Azimuth,
eompafe. This jiftnunent, though fuffciestly ac-
curate to enable us to obferye the variations fo as
to fleer the fhip without any material enoi» with
the precaution of always ufiog the femeCompté by
which they are taken, is far from being of fech a
conftruétion as to give the variation with that de-
gree of precifion, which fthould attend experiments
pa 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 varia-
tions from one another in very ihort intervals of
time ; nor is this difegreement of foocedrve cfefer-
vations peculiar to the higher latitudes, and to be
imputed to a near approach to the Pole, as1 found
it to take place even upon the Engliih coaft.

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

which
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which might be fiippofed to create an accidentel
errat; the obfervations being taken ibmetimes by
different people with the fame compels, in the
lame and différent places ; iometimes with differ-
ent compaflés, changing the places and the ob-
fervers repeatedly, to try whether there was any
error to be imputed to local attra&ion, or the dif-
fetent rhodepbfervation by different perfens. I
have fince my return tried the compaffes by a me-
ridian as well as by taking azimuths, and find
them to agree with one another, though the feme
compais fometimes differs Frbm itfelf a degree in
fuccefiive obfervations.

That every perion may (as far as is polfible
without having been prefent at the time) be en-
abled to judge of the degree of accuracy to be ex-
pected in fuch obfervations, as well as die degree
of attention paid to thofe made by us, I have fet
down every cireumitance that I thought material,
giving every part of each obfervation, with each
feparate refult, and the mean ofevery fet, with thé
Weather at the time. Whenever I mention its
blowing freih, it was only comparatively with re-
Ipeét to the reft of the voyage, no obfervation hav-
ing been made in any weather which might not
generally (peaking be called fine.

Having faid fo much of the inaccuracy of die
inftrument, I muft add, that 1 think feme general
and rather curious inferences may fafely bi drawn

from thefe obfervations. One is, that the variation
L3 near
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near the latitude of eighty, ifit alters at all wit *

time, does not alter in any degree as it does in thel ~

latitudes : the variation having been found by Poolt ° |

in 16x0 to be %' W in latitude 780 37" ;i8<

16' W in Crois Road in latitude 790 15' N; and, ; “

170 00' within the foreland in latitude 780 24'-2"

By Baffin in 1613, in Horne Sound, latitude 76a;

55", the variation from the meridian was 120 14' A

W but by his compals 17°: his compais “ was. s

touched  iEaflerly,”-that being the variation in #———

London at that time: in Green Harbour, latitude |,

770 40', he obferved the variation 130 ii' W.

Fotherby in 1614, made the variation in Magda-

lena Bay, latitude 79034' N, 25000' W ; andin '

latitude 790 8', two points. Neither Poole nor ;

Fotherby mention whether their variations are

reckoned from the meridian, or whether their com- ',

palles, like Baffin’s, were fitted to the variation at |

that time in London. If Fotherby’s were taken !

with a compafs in which a correction was made for r

the variation at London, his obfervation agrees ex- "

aétly 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 j_

regarded. But the variation in London now differs |

from what it was at that time above twenty-fix

degrees. I -
The other inference is, that in going to the

Eaftward in the latitude of eighty, the Wefterly

variation decreafes very confiderably from a differ- ,

enee in the longitude, Table —
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A ccount of the OBservaTioNs made with the
M ARINE DIPPING NEEDLE, conftruded for
the Board of Longitude by Mr. Nairne.

ST"T'HE inftrument, hanging by an univerfal
K '¥- joint on a triangular ftand, is adjufted fo
to hang in a plane perpendicular to the hori-

6n, by means of a plumb line, which is to be

“ Irfpended on apin above the divided circle, and
‘“ the dovetail work, which alters the pofition of
“ theinftrument, by turning a button. The two
“ po0 on the divided circle, are adjufted fo as to
“ .be perpendicular to the horizon, by the feme
“ plumb line and the adjufting fcrew : and at the
“ loweft 900, when it is adjufted, the pointer is
“ fixed. The length of the magnetic needle is
“ twelve inches, and its axis (the ends of which
“ were of gold alloyed with copper) refted on fric-
“ tion 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
“ fridion wheels were likewife of gold alloyed
“ with copper, and moved in fmall holes made in
“ bell metal ; and oppofite the ends of the of
“ the needle and the fridion wheels, were flat
‘ agates finely poliihed. The magnetic needle vi-
“ brated within a circle of bell metal,’ divided
“ from the lower 900 each way, as far as fixty-five
“ degrees, into degrees and half-degrees: the
LS “ other
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* other divifions were two degrees and a half; the
4 needle being very nearly balanced before it was
“ made imgnetical: but by means of the crofs,
44fixed on thé axis of the needle (on the arms of
which were cut very fine (crews, to receive the
4 (mali buttons, that might be leretired nearer or
* farther from the aids) the needle could be ad-
‘““jufted both ways to a great nicéfy, after it was
4 made magnetica!, by changing the fides of the
4 needle, and reverfing the Poles. As this needle
4 at fea could feldoni remain at reft ; to refiiedy
4in a great meaiiire this inconvenience, the di-
4 vided circle is made moveable by turning the
4 button ; fo that when it is ufed at fea, the di-
4 vided circle is moved till feme principal divifion
44is the mean of the vibrations : then that number
#of degrees and half-degrees diftant from the
44 pointer, fubtraded from ninety, gives the dip,
“ if the needle is properly balanced: but left it
44 (hould be Ibmewhat out of balance, the molt
* certain way is, firft, to take the dip with the
4 face of the divided circle to the Eaft, and after-
4 wards to the Weft, and then changing the ends
4 of the needle by reverfing the Poles, and taking
44 the dip as before, with the divided circle front-
4ing the Eaft and Weft: and the mean of thofe
4 four dips will be the moft accurate. In each cafe,
4 when the dip is taken, the inftrument muft be
44fo placed that die needle vibrates in the magnetic

4 meridian.”
The
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The obfervations on the dip of the needle, dur-
ing this voyage, were made with great care : firft
the dip was obferved with the divided arch to the
Eaft, the inftrument being placed as hear as polli-
irie in the magnetic meridian ; it was then turned,
and the obfetvattod made with the divided arch to
the Weft : the poles beingchanged, the obferva-
tion was repeated in the feme manner. The ac-
tual obfervations are expreifed in the fecond, third,
fourth, ttod fifth columns; and the mean refult in
Jhe ihtth. it appears by thefe obfervations that
the dip incitales in going North.

There is no realbn at prefent to fuppofe that the
dip is liable to any variation in the feme place at
different periods of time, it having been obferved
iii London by Norman, who firft difeovered it in
159«» to be 71° 50'-; and by Mr. Nairne, in 1772,
about 720. The difference between thefe obferva-
tions, taken at fuch diftant periods, is fmaller than.
that found between feveral of Mr. Nairfle’s obferva-
tions compared with each other ; and therefore we
have no reafon to conclude that the dip has altered
(lince Norman’ tinae: the care with which his
inftrutaent was conftru&ed, and fais obfervations
made, leaves no room to doubt of their accuracy.

TABLE.

onzes vy GOOEIE



h 6

APPENDIX

TABLE of the OBSERVATIONS made with the
Marine D 1PPING-NEEBLE.

Day of theWdT TufT wefe. Eaft. Mean Place of CQbfer-

Month.

Jane 2 P. M 73
2P.M 74

°173
3°73

SP. M70
6P M72

2073
075

3073
575

74
3075

76

°717
3080
3°79
3°77
3080

14P. M 72
8P. M~5
8A M7y
P M 74
16 B M 77
22 Noon 78
23,9 p Msi1
24 Noon 82
P.M. 77

26, 2P. M 77
28 Mid. g3
292 P. M9
30 Noor 76

»Sy

« 8t
4579

July 2, Mid 80 8 30

9,6 P M 8 458*

81 4581

>5 8a 4581

29 Mid. i583
Aaguft 1483 083

31 P. ML79 3¢ 77 45180 o179

Dip
«573 20 74 30 3*
°73 2073 3® 35
073 1572 15/ 12
m 74 3C73 22
74 714 7330
74 76 75 18
75 75 14 R
7575 o
76 30 77 76 45
78 78 H 52
083 81 30
3°8i 3079 80 35
381 82 79 30
082 78 79 22
o822 79 i g
OE 83 80 26
30 79 79 30
79 80 45
so 8 3

2 8

81
080 s s
08T s s 8i

«79

vatioo.

' Latitude 51 35
near the Buoy
® of the Uppei
Middle.
Off Harwich
Southwold
Bay.
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A CCOUNT of the INSTRUMENTS made ufe of for

keeping the M ETEOROLOGICAL JOURNAL.

HE Marine Barometer was made by Mr.

Nairne, from whom I received the following
defeription :

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

of this barometer ; and being filled with mercu-
“ ry, and inverted into a ciftern of the feme, the
“ mercury falls down in the tube till it is counter-
** balanced by the atmolphere,

“In a common barometer, the motion of the
« mercury up and down in the tube is fo great at
**fea, that it is not poflible to meafure its perpen-
“ dicular height; confequently, cannot ihew any
“ alteration in the weight of the atmolphere : but

in this marine barometer, that defett is reme-
“ died. The inftrument is fixed in gimmals, and
“ kept in a perpendicular pofition by a weight
¢ fattened to the bottom of it.

« The

oisnzes ny GOOEIE



HS APPENDIX?

« The perpendicular riling or falling of the mer-
“iscury is meafured by divifions, on a plate divided
**into inches and tenths» and  a Vernier divifion
“ into hundredths of an inch» which is fixed to the
“ fide of the tube.”

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

T ue partof M. Efe Luc’s Hygrometer which is
afie&ed by the imprelfiont of the moifture of the
air, is a hollow cylinder ofivory, two inches eight
lines long, and internally two lines and a half in
diameter. Itisopen only at one end $and the thtck-
neis of its fides» for the length of two indies fix
fines from the bottom, is but three-fixteenths of a
fine. Itis this thin part which does the officeof an
hygrometer ; the remaining part of the cylinder,
towards its orifice, muft be kept a little thicker,
being deilined for joining it toa tube ofglals, thir-
teen or fourteen inches long. This junction is
effe&ed by means of a piece of brais, and the
whole is cemented together with gum Iac.

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

made of it becomes more”capacious, in proportion
as
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as it grows moiftcr. Tbis is the fundamental prin-
cipie of the inftrumetrt. M De Luc has finoe
found, thatupon leuing this cylinder He fome time
in water ofan umform temperature, it fweils to a
certain point, after which itdUates no farther. This
circumstance furnUhed him with a of hu-
midity ; and, confequently, with one pointof com-
panion, in the fcale of the hygrometer; and diis
point he has fixed atthe temperature of melting ice.
For meafuring the differences in the capacity df
this ivory cylinder, and thereby éi(covering its
different degrees of moifture, M. De Luc makes
ufe of quickfilver, with which he fitis the cylinder,
and a port 6f the communicating glafc tube. The
moré capacious this cylinder is, or, which is the
the fame, the motfter it is, the lower does the
mercury ftand in the gfearfs tube; and vice verfS.
Now M. De Luc has found, that the Joweft point
to which it can fink, is that where it ftands when
the ivory cyfinder is foaked in melting ice : he there-
fore names this point zero, in the (cafe of his hy-
grometer; and cottfequentiy, the degrees of this
fcale Ane degreeso f dryntfs,.counted from belo
wards, as the quck&lver oifes in the glafs tube.

T o give theft degrees a determinate length), and
thus render the hygrometers capable of being cooa-
paied with each other, M. De Luc employs in con-
flru&ing them fuch glais tube&as have been previ-
ously prepared, by being made into thermometers,

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

b

This
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This proportion between the fcale of the hygro-
meter and that of the preparatory thermometer,
furniihes an eafy method of correcting in this in-
finiment the effects of heat upon the mercury it
contains.

It will eafily be conceived, from the conftruCtion
of the fcale of this hygrometer, that if its cylinder
of ivory was fuddenly changed into glals, the in-
finiment 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 limilarly divided into forty parts be-
tween the fixed points, be placed near the hygro-
meter, it will lhew immediately the correction to
be made on that infiniment for its variation as a
thermometer ; with fome reftriCtions, however ;
of which M.”De Luc has given an account in the
.paper he fent to the Royal Society on the fubjeCt
of this hygrometer.

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

Defcription
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Pelcriptian of the Manometer, oonftruéed by
Mr. Ramiien.

T ue Manometer ufed in this voyage was com-
pofcd of a tube of a froall bore, with a bad at the
end ; die barometer being at a {mali quan-
tity-of quickfilver was put into the tube to take off
the communication between the external air, and
that confined in the ball and the part of the tube
below this quickfilver. A fcale is placad op the
fide-of the tube, which marks the degrees. qf dila-
tation arifing from tbe increaif of beat ha di#>#Kte
4fthe weight of the air, and bas the Ame gradu-
ation «s that pf Fahieoheit’s dwwwwBCtcr, the
point of freezing being marked 32. In 4 as fl*se
therefore it will (hew the degrees qf beat in the
&me manner as a thermometer. But iff die air
becomes lighter, the bubble inclofed in the bail,
being leis compreiTed, will dilate itfelf, and take
up a fpace as much larger, as the compteffing ibrce
is Icis ; therefore the changes arifipg. from the in-
oreafeof heat will'be proportiapably larger; aod
the infiniment will fhew the différences in the.den-
fity of the air, aiifing from the changes in gs
weight aod hear. Mr. Ramfdeu found, that -a
heat, equal to that of boiling water, increafed .the
magnitude of the air from what it was at the freez-
ing point AV® of the whole. From this it fallows,
that the ball and the part of the tube below the

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

If we have the heihgt of both the manometer
and thermometer, the height of the barometer
may be thence deduced by this rule; as the
height of the manometer increafed by 414, is to
the height of the thermometer increafed by 414;
fo is 2p,7, to the height of the barometer.

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

M Meteorological
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APPENDIX.

MISCELLANEOUS OBSERVATIONS.

Observations fbr determhung the refra&ion ;a
high latitudes.

UNE the thirtieth, at midnight, the diftance of
J the two oppolite horizons, taken by me with
Ramiden’s (extant, was 179054' j the height of the
eye being fbtteen feet above the level of the fea.

Auguft the fifteenth, at midnight, by the aftro-

nomical Quadrant, the altitude of the fun's
upper limb 40 16' 55" lower limb 30 46' o'*

Error of the Quadrant 32 — — 32
4 16 23 — 3 45 23
Semidiameter — *§5 51  _______ + 15 §*
App. Ah. Sun’s
center 4 0 3= — 4 119
Co. Declin. 75 5¢ 13 _ 75 56
App. Lat. 79 56 45 — 79 57 3*
TrueLat. 79 44 3 - 79 44
Refrattion 2 42 13 29
Dr.Bradley’stables 11 13 —— 12 27
Allow for therm. 1I 53  ________ 13 a
Barometer, 29,6 Thermometer, 37°
M 5 Auguft

oisnzes ny GOOEIE



13* APPENDIX.

Auguft the twentieth, at midnight, the fun’s me-
ridian altitude by Mr. Harvey, *3'

Dip 3 49

2 21 H

Semidiameter + 15

Altitude of the Sun’s center a 37 3

Co. Declin. ,, 31 26

App. Latitude 80 8 9
Refr. by the tables 16 44

True Latitude 79 5, 45

Hakluyt’s Head-land S BE
Cloven CIiff .- EBSiS
Variation - 190 30' S.

It may not be improper to mention here that
Baffin, in 1613, made an obfervation of the re-
fraction when the fun was in the horizon, in lati-
tude y8° 46', which allo agrees exaétly with Dr.
Bradley’s tables. It may therefore be prelumed
that the refractions in the higher latitudes follow
the lame law as in thele.

Specific
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Specific Gravity of lee, tried by Dr* Irving,

A piece of the mod denfe ice he could find, be*
Ing immerfed in fnow water, thermometer thirty-
four degrees,—fourteen fifteenth parts funk under
the furface of the water.

In brandy juli proof, it barely floatedi iii
re&ified fpirits of wine it fell to the bottom at
once, and diffolved immediately.

September the fourth, at two in the afternoon,
we founded with all the lines, above eight hun-
dred fathom. Some, time befpre'the laii* line was
out,.we perceived a flack, and that it did not.run
off near fo quick as before- When wer got.the
lines in again, the firft coil came in vefy eafily,
and twenty fathom of the next, after which it took
a great (train to move the lead ; a mark was put
on at the place where the weight was perceived,
and the,line meafured, by which the depfhlwas
found to. be fix hundred and eighty-three' fathoms.
The lead weighed above one hundred and fifty
pounds, and had funk, as appeared by the iiné,' heaf*
ten feet into the ground, which was a very fifié bhie
foft clay. A bottle fitted properly by Dr. Irving
(none of thofe font out having given fatisfaftion)
was let down, faftened to the line, about two fa-
thom from the lead. A thermometer plunged into

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

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

Pay of the Depth i Tempera* Correction iTemperatureot Heat Ofthe
Fathom« to ture of the'for Com* [the Sea at the  Air.
which it Water a« fpreffion aodgreateft Deptf
was Tank. [hewa by 'onetjoal jto which it wai

the InftrttifExptnfion punk, corred*ec
pirits, jforCompreffion
land Expanfioo.

o) 0 0
une 20 780 11 z6 48*
0A.M.: 118 30 i 3% 40*
P.M. 115 33 0 33 44%

Auguft 473 22 10 3 g5l

It appears from the experiment of July 1ft, in
which the inftrument was compared with Fahren-
heits thermometer at different heats, that the ex-
periment cannot be depended on to lefs than two
cr tfirce degrees, as the refults drawn from the
different companions would differ by about five
degrees.

Experimenta
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1 36 APPENDTIX.

Sea water taken up at the back of Yarmouth

Sands, was in the following ratio to diftilled water ;
os. dwts. grt.

Sea-water 21 i 613,%] f Thermometer,

Diftilled water 21 4 16 y  53°i
which is, as 10192: 10477,7 ¢ or, as 1; 1,02803.
The quantity of dry fait produced from the above
water, was 13 dwts. 15 grs.; it appears, therefore”
that; fea-water contains more air than diftilled water.

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

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

-bottom:

. The bottle had a coating CFwool, three inches
**thick, which was wrapped up in an oiled ikin, '
¢ and lerinto a leatherpurfe, and the whole inclofed
“ in a-well-pitched canvafs-bag, firmly tied to the ;

“ mouth of the bottle, fothat not
5 *could
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“ could penetrate to its furface. A bit of lead
 (haped like a eone, with its bale downwards and
*a cord fixed to its (mali end, was put into the
“ bottlei and a piece of valve leather, with halfa
“ dozen flips of thin bladder, were ftrung on the
“ cord, which, when pulled, effectually corked the
“ bottle in the infide.”

The following is Mr. Cavendiih's account of the

corrections to be made fear Lord Charles Cavendilh’s
thermometer.

“ The Thermometer iifed in thefé experiments
“ is fully defcribed in the Philofophical TranfaCtions,
“ Vol. L. Page 308 ; fo that I imagine it is unneceC-
u (ary to mention it here. But lince the publication
**of that volume, the late Mr. Canton difcovered,
“ that lpirits of wine and other fluids are compref-
“ fible ; which muft make the thermometer appear
‘ to have been colder than it really'was, and renders
‘“ a correction neceflkry on that account. There is
“ another (mailer correction neceflTafy, owing to the
*“ expanfion of Ipirits 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 thele two corrections
*is not explained in that paper, »t may be proper
‘ juft to mention the rule which was made ufe of
“ in doing it.

“ In adjufting the degrees on the fcale of this
“ thermometer, the tube was intirely full of Mer*

* “.cury,
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« cury, or the Mercury fteed at na degreps on the
** (cale, when its real heat wap 65* of fabitpheit.
# Let the bulk of the Mercury contained at that
“ time in the cylinder be called M, and that of the
*fpirits, S-, let the expandan of fpirits of wine
*by i° of Fahrenheit, about the heat qf 65
" be to its whole bulk at that heat, as 1 to
“1ij and let its expanfipn by one degree at any
uother heat, as 650— x, be to its bulk at 65%
“asix i — * toi; let the expanfion of Mercury
“ by one degree of heat be to its bulk at 65q as

#toi; and let bS be called 6 let the com*

= preffion of Ipirits of wine by tbe-preffufe juf +cr
“ fathom o f fea-water, when the heat of the fpirits if
* pearly the fame as that of the fea at tjie depth tq
“ which the thermometer ,w?s Ipt downs be-ttriti
“ hulk at 650 as C to 1j the compreflion of the
“ Mercury is fo finall that it may be npg)e;ted let
“ the thermometer be let down N hundred fathom,
“and when brought up and put into water of
P —F degrees of h.eat let the Mercury in the tnjae
*fond at E degrees; copJéquently the heat? 35
u ihewn by the thermometer, is 650—EWE : andlet
‘ the real heat of the fea at the dppth to whic*h it
“ was funk be 65— x degrees” then 650— * =
firr F FI* ®'XE-f-FX Ni/xF
*G 21> * .
“ In this thermometer S= 1160} M = 97 ; the

* expanfion
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“ expanfion of the lpirits ufed io making it by i° at

“ the heat pf pras found to be of their
“ bulk at that heat ; thatis = _— 115004
¢ therefore G 5= 1,013. From M. D Luc’s expe-
“ riments ¢ it appears, that the expanfion of Ipirits
“ of wine by i° at any degree of heat, as 65®

«

“« — Mis to its expanfion by t° at 63Q) nearly as
“i— — toi: therefore, = -L. The com-
3*5 34

¢ prelHbility of the fpirits ufed for this thermometer
“ at the heat of 58q .was found to be exactly the
“ fame as Mr. Canton determines it to be at that
**heat * and therefore its coroprelfibUity St all other
“ degrees of heet is fuppofed to be the fame as he
“ makes it. According to his experiments t, the
“ compreffion of Ipirits of wine by the prelfiire of
“ 2pi inches of Mercury at the heat of

“ nearly the heat of the fea in thefe experiments, is

« millionth parts of its bulk at that heat;
“ therefore s= [, 9 and 65—F—H
« TKIVt n  ExE+F+Jf Nxf*xF+X.
CHNXI, 9 - g p + —

* Mbdifications de PAtmofphere, vol. 1. pag, 252.
t Philofophical Tranfaftions, Vol. L1V; page a6t.

OSBSRRVATIWS
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oBsErvaTioNs made by Dr. Irving of the hedt of
the lea agitated by a gale of wind, and that of
the atmoiphere.
September the twelfth, the thermometer
plunged into a wave of the lea, role to the
heat of the atmoiphere 50a

This experiment was frequently repeated during
the gale, and it gave nearly the lame difference.
At nighty when the weather became moderate,
the heat of water 30 fathoms below the furface
was 55® ithe furface and the atrhofphere were 54(

September the twenty-fecond. The fea-water
was 60°i the atmoiphere, 590: the wind at S W
a frefh gale.

OBsErvATIONS for determining the height of a
Mountain in Latitude 79° 44' ; by the Barometer,
and Geometrical Meafurement.

Obfervations taken by the Barometer, by Dr. Irving.

UGUST the eighteenth, the day remark®

A ably clear :

At 6n in the morning, the barometer by inch«
the fea fide flood at 30,040

The Thermometer

On the fummit of the mountain, about an
hour and three quarters later than the firft
obfervation bélow, * - *8,2

Thermometer 420

About an hour later at the feme place 28,258

Thermometer
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Thermometer 420 inches.
By the fea fide, where the firft obfervation

was made, and about three hours later 30,032
Thermometer 440

Height of the mountain calculated by M. De Luc

from the firft obfervation - 1585 feet
From the fécond obfervation - 1592
Mean - - . i588*fee*

Means uféd 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 fum-
mit of the mountain (a well-defined objeft) and the
fea-fide j from hence, in a right line from the
mountain, a ftaffwas placed at the fea fide, by a
Theodolite made by Ramfden, with two telefcopes
and double Vernier divifions. The inftrument was
carefully adjufted Sfirft, by levelling the ft:
a circular level, and afterwards the whole inftru-
ment by the crofs levels. From hence (A) at right
angles to theftation at the fea fide (C) and the top of
the mountain (E), a bafe was meafured each way to
(B) and (D) of eight lines of feventeen fathom each ;
in all, five hundred and forty-four yards. The
divifions of both the Verniers were carefully exa-
mined, both at fetting off the ftation by the fea fide,
and thofe at the extremities of each bafe, the fixed

telefcope
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telefcope being kept direfted to the fummit of the

mountain, and the moveabie one directed at right

angles each way, both divifions of the Vernier co-

inciding exactly. Station ftaves wére fixed perpen-

dicular by the vertical hair of the telefcope. The

altitude of the mountain was then taken with the

vertical arch, as a means of detecting any error in
the obfervation, and was found to be 8° 50'. The
diftance not enabling me to take the depreffion of

any particular part o f the ftaff by the fea fide under

'the land on the other fide accurately, 1lent a man
to ftand clofe before it, and took the depreffion
nearly to his eye, which was found to be i° 54'.

sl he infiniment was then removed to the ftation on
the right (6). The infiniment being adjufted with
the fame precautions as before, and the fixed tele-
foope pointing to the tenter ftation (A) $ the angle
to the mountain was 84° 58', the angle to the ftation

by the water fide (C) 294° 44\ T h e inftfwnent
was then removed to the ftation by the foa fide(C),
the fame precautions ufod in adjufting, and the

fixed telefcope pointing to the center (A) m one
with the mountain, the angle to the ftaff on the

right (B) was 24° 44'. Intending to make the tri-
angle BC D tfbfceies, and imagining there might

be fome little error from the unevennefs of the

ground, I fot offthe theodolite an angle equal to
the laft, having a perion ready with a ftaff 00 the

bafe line to fix it where that angle iheukl interfett
on looking through the telefcope ¢ I found it cut
exaotiy
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exa&ly at the ftaff D 3330 16', and from thencfc
concluded the meafure of the bafe to bé éxali. I
then took Ute altitude Of the mountain by the ver-
tical arch 70 44'. 1 then removed the irtfttument
.to the ftation (D) to take the third ahgle ; but from
the badnefs of the ground* I could not place the
inftrument éxaétly over- the fpot where the ftaff
flood ; from hence I took the ‘third angle of the
triangle ; the fixed telefcope pointing to (A) and
the fame precautions of adjuftment being obfervtd,
the angle to C came out 650 15'; left by one mi-
nute than it (hould have been. 1 then took front
the fame place the angle to the mountain (E) ;75°
1'; more by one minute than the correfpbndiag
angle at the oppofite ftation <B) : but the errors
correcting each other® the whole angle CDE*=
1500 14' = the whole angle .CBE. feet :

By the triangle ABC, A C comes out 17*714

By the triangle A BE, AE comes out 9265,0

Therefore the diftance C E is 11036.4 feet.
Angle of the mauntain’s elevation feén from C 7°44' :
Height of the mountain above C 1498,8 feei:

.+ height of C above the Water’s edge 5:
Height of the mountain above the water’s
edge - - - i503,8feet.

I prefer- this obfervation to the others, becaufe
the thrte angles of the triangle ABC came out
fexaétly 180 degrees by the obfervation. The dif-
tance A Cfound by the computation, differed only
four feet from that by the meafure * but, the ground

being
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being uneven, Jdid not depend upon the meafure,
but took it merely as a check upon the operation,
tb detett an error, in cafe of any great difference;.
The diftance found by the fimilar triangles
BCE and C D E 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 feet :
Depreffion of Cleen from A was t° 54 ;

Hence the height of A above C is 58,7
Heightof the mountain above C 1498,5
4. height of C above water’s edge 5;
Height of mountain above the level of

the fea - - 1503,5
which differs from that found by the fuigle 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. 1 have no reafon to doubt the accu®
racy of Dr. Irving’s obfervations, which were taken
with great care. As to the geometrical meafure,
the agreement of fo many triangles, each of which
mull have dete&ed even the fmalleft error, is the
moil fatisfaftory proof of its corre&nefs. Since my
return, I have tried both the theodolite and baro-
meter, to difcover whether there was any fault in
either, and find them upon trial, as I had always

done before, very accurate.
OBSERVATIONS
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A P PEN D I X

OBSEKVATibiis for détgrftlttiiBg the Aetélémlon
of thé f*INDUttfM.

B8fcriptlon fef the Pendulum with which the Ob-
ftrvatiofi* W«é tttadé-, by Mr. CiMttfoing.

“AI'H E apparatus with which the following
JL experiments were made, was prepared for
“ the voyage with all the care which the (hortnels
*of the time would admit, and particular atten-
“ tiea was paid to its fimplicity, The pendulum
“ Was that which the late Mr. George Graham
“ had tOnftru&ed* to afceftain the exadt diftance
*between the center of motion end center of
“ biciUation of a pendulum to vibrate féconds at
“ Lonfon.
“ The bah is a iphereof folid brafs, whole dia»
* meter is three inches and ninety two hundredth
¢ parts of aninch $ and whole weight is nine pounds
*and one quarter.
“ The rod Ua mind fteel wire, one tenth of
“ an inch thick, and A fo firmly ferewed into the
** ball, that it cannot be gofcrewed by hand, nor
** the length of the pendulum altered without the
“ application of proper inftruments for that purpolé,
there being bo abutting (crew as in clock-pen-
“ dulmtis.
“ The axis of the pendulum is of hard-tempered
fteel, nearly two inches long, and moves on an-
guiar, or knife-pivots, whole edges are formed
N **with

[13

o

¢

(13
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“ with great care, 'fo as to lie exaftly in the fame
“ right line; the pivots are. formed nearly to an
angle of thirty-eight degrees from the edge to
the back 5 the lharpneis 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,
“ whole diameter is rather leis than the two hun-
“ dredth partof an inch.

** Thofe pivots move in angular notches made’
“ in two pieces of hardened fteel, each a quarter
“ of an inch thick; the notches are formed to an
“ angle of one hundred and twenty degrees, with
‘ their bottoms fomewhat rounding, and formed'
“ fo that the whole length of the pivot has an equal
“ bearing in them ; the ends or extremities of the
“ pivots are doped 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, fa

as to confine them always to the fame place in the
“ notches, and prevent fuch irregularities as might
** otherwife happen if the ftiouklers of the pivots
* fhould chance to touch.

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

13 pin

(19
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¢ pin which paffes horizontally through it and the
“ axis, that both the pivots may have an equal bear-;
“ ing, and the pendulum may hang truely perpen-
“ dicular, without any tendency to bend its rod, and
“ by that means alter its time of vibration, even
“ though the axis be not accurately adjufted to a
“ level pofition : The error which might arife from e
“ accidental fri&ion on the above fuppofition, of an
“ inaccurate levelling of the axis, is obviated by
“ means of the fteel plates againft which the
“  centralpointof the loweii pivot muft in fuch cafe
« att.

“ To the other end of the axis, is (crewed a pair
“ of pallets, conftructed nearly on Mr, Grahami
« principle of the #ut differing from it

in having a degree of recoil which tends to ren-
“ der the longer vibrations of the pendulum as
“ quick as the ihorter : 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 ihorteft, that
“ will admit of the wheel to efcape the pallets : by
“ this means, if the oil applied ihould become
“ glutinous, fo as to diminifh the aflion of the
“ wheel on the pendulum, or if any other circum-
“ ftance ihould happen to (horten the arc of vi-
“ bration of the pendulum, the weight which
“ keeps it in motion muft be increafed, till it is

N “ found

[13

13
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*found juft fufficient to keep the machine going -

“ by which means there is a Certainty that the pftn-

u dulum vibrates limitar arcs in each experiment,

“ even if the obferver Thould hot attend to that
circumftance.

“ The iwing-wheel is made of tempered fteel,
*and the points of its teeth are left much thicker
** than they ufuatly are in clocks, ih Order to avoid
*accidents ; it has thirty teeth, and carries with
**it a divided circle which (hews féconds.

uOn the axis of the fwitig-wheel there is a pi-
*pion, on which another wheel ajts: 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 deicribed by
“ Huygens in the eighth and eighteenth pagesof
< his Horologiumo/cii/atoriumthis method is the
**fimpleft of any for keeping the wheels in motion
** while the weight is winding up, and is peculi-
arly advantageous in fuch machines as this, which
“ require frequent winding: the weight applied
* to this machine was fix ounces Troy, which with
“ a defcent of thirty-two inches kept it going for
“ three.hours, with a vibration of three degrees.
The whole is contained in a ftrong brals frame,
“ fcrewed on the top of a three-legged wooden
“ ftand, three feet four inches high : the front
“ legs extend three feet eight inches in the direc-
tioo of. the vibration, and the back leg extends
Mthree
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 three feet four inches from each of the front
“ legs, at which diftance the three legs “re fo
** conoefted at bottom, by horiontal rods, that
 they cannot polfibly alter their relative pofition *
“ by thefe means the point of fufpenfion of the
* pendulum is rendered much more immoveable
“ than could be done in any portable clock having
*a cafe of the ufual dimenfions, without great
Mtrouble, and an apparatus ill fuited for experiments
** of this nature.

“ In the middle of the horizontal bar that con-
“ nedts the front legs is fixed a piece of filvered-
“ glafe, by means of which the whole machine is
“ readily adjured to its proper pofition : the lovret.
“ part of the pcndulum-baU hangs dire&ly over
** this mirror, on whichis drawn a line from back
“ to front” and when the image of a fmall pin»
** which is fcrewed into the lower part of the pen«
“ dulum, is feen bifetted by this line viewed di«
“ reftly in front, the pofition of the machine is
** properly adjufted.

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

“ hind the pendulum, is a hook to hang a ther-
4* mometer on, for making frequent obfervationa
* of the temperature of the air. In order to pre«
Mpare for an experiment, the pendulum is made
u to vibrate till 60 on the fecond-circle comes to the
*index, and is then to be held at the extremity
N3 Mfo
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“ of its vibration by a trigger ; on preffing which
“ with the finger, the pendulum is difengaged in
‘“ an inftant: hence the vibrations muft be of equal
“ extent in every experiment.

“ The wooden ftand which fupports the pen-
“ dulum is fo conftru&ed, that it forms an oblong
“ iquare 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 th¢ whole is fo portable,
“ that it may with eafo be carried on a man’s
‘ Thoulder to any accelfible place.

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

July the fixteenth the Pendulum and the Equa-
torial Inftrument were landed on a Imaii rocky
ifland in latitude 79° S0' N; and the pendulum
being carefully fet up'in a fmall tent erected for
that purpofe, and its pofition truly adjufted, a
thermometer was fuipended on the hook behind the
.pendulum rod ; and the pendulum being repeat-
edly put in motion, it was found to ftop, till a
mufket bullet and a half was added to the weight,
which was found, ftifficient to keep it in motion ;

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

From the vertical pofition of the wire and the
time of the day, the iiin’s motion had a degree of
obliquity with refpedt to the wire, which muft occa-
fion its diameter to take a longer time in palling
than if it croifed the wire at right angles : this po-
fition of the wire, together with thé change of the
fun’s declination, prolong the time of the fun’s com-
ing again to the wire; fo that there was an inter-
val of twenty-four hours, forty-nine fecbnds and a
half, from the time that the fun’s limb touched the
wire on the fixteenth day of July, to the time

N 4 of

oisnzes ny GOOEIE



AS? APPENDIX -
of ity r¢*ucn to the (4me wh« og Ute feyefltf*ntb
day *.

Dwriog the time of tbie r«volulion of tho fun,
on eccQuot wee kept of the thetn”“motei, and, ft«
verai comp*ri(bna mad« of the WWof tho going of
the pendulum with my ftqond-watch = in making
whfth, I always togfc the time hy the watch, when
the pendulum (hewed 60": theft ccuuparifqn? wete
chiefly intended to prevent a miflake of a whole
minute in eftifpating the acceleration of the pem»
dulunv which only (hewed ftcouda. Having no

ip<te*

. ft* P. M *t ih 190 *&'
by the watch : the 2ade S between the vei-
tlcaf circle of declination was 10%49: the
txah “hiiude aa* ; fea dectidl™™0 z|+ V':
tfe cb™yge, ir rte fqo> fecfeptiw ho|
was io' 11'' : hence the time of the fun’s
coming to the fame vertical hair of a telef-
cope, will be retarded44°,1 : for (by Cotes, S
& fim ftii 15)
AS fae '4if gx fiifne feitufe. Caqp. Af
Is to taog, S .19° 49" ; -, 9,28 »7
So i* the change in declin. i,0' 11''fee, 7.4716*

To M S§* tfecfegg™ 1Atbefeoc™pglc fee, 73WW
W ieh turmed into SipnQx gives
The change in tfic equation of time is

Thorgfot# tfe fetgtvai fe*Wen the two |

w fofe 34 6'49S
It was obferved . ¢ B (2) 4"

The difference is the gaie of ft# pendulum ' @ »J

To
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jndex for minuca; »Pd M «erndid inveftigatk»
of a matter that had fo much engfgqd the at-
tention pf the heft philofopjiers and msthemati-
€i80$ was the only objeft of my wiih, I judged it
hfifo> in the firft place, tq give the ohffrvations
juft as they were made;, regularly numbfred, that
they may be readily, referred lo from the following
tables, in whieh the order of the original obferva-
tions is varied» according |q the period* of time
between each pair of obferrationa. By thus giving
the fouedatiops on which the concfufcqt depend,
all perfqns, who chufe it, may trace and examine
every ftep towards the cpnclufion, and by that
means he éfiabM to detea any error that may bare
crept iqto the operation 5 qr draw fgoh further
coi“clufipns as their ingenuity may fuggeft, and
the materials here given may warrant. '

To fifd the ibnf of the fun’ diameter paffioqa vertical hair,
(Cotes, M fiim . Jfvror.-Thear.ai*)

A, the pnodafi of | Coniia* d
r-+ P * | ConfineS. —  Conp. Al *.«077*
Tt to the prodf$ of Radius and Qof. Altitude I “9*97299
So is the fun's diameter in tigje 1356, 2y1322%
/ m*
To the tipie (faght t9v ~ **1432%
Py
It was obffirved 2" *i",t
difference N9

AUhQugh the ohfbrvatifs> of thf fun’s diameter pafiing thf
‘WHHT hf# o< inmediffte connexion with our conclu!on ; yet thf
agreemment between the calculated and the obferved time of its
palling, fervet to Thow that the proper allowance was nade for
the obliquity qf the dircitfon in which it pafled the wire.

Day
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Day of the N° Time by the Time by the Thermo-jRemarks.

Month. Watch. 1 meter. I
h ° I /; 1
July 16 7 Equatorial
P.}IM. : 519 28 60 £ ixed,
2 6 30 00 49*
3 700 00 50
4 800 00 49
5 830 00 49
6 9 00 00 45
7 9 3000 45
810 00 00 45
9 H 00 00° 45
io 1i 30 00 48 i
I 12 00 00 48*
12 12 30 00 46
*3 12 39 14 60 5r
17 AM. 14 1 00 00 50%
19 25 9 60 49
16 5 00 00 45
17 6 00 00 44
18 7 00 00 49*
*9 8 00 00 47 -
20 *9 00 00 49%
21 il 2 73 60 S»*
22 12 00 20 60 . 3¢
P.M.>3 i 00 00 . 54
24 -2 39 00 . 5]%
25 3 30 00 . 56
26 4 00 00 . 55%
27 4 46 ioi 60 52%
Tranfit of
28 [5 r9.24] m 4¥ the Sun’s
W. limb.
. I’ Tranfit of
2 e .. 25 I the Sun’s
E. limb.
3 524 9 60 51 v,
It
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A PPENDIX. 155

It has already been faid that the watch was ufed
only to prevent an error of in efti-
mating the time gained by the pendulum in twen-
ty-four hours; the exa& period of twenty”four
hours being determined by the revolution of the
fun.

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

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

The fécond, ixprelfes the interval of time
by the watch, between each pair of obfervations
referred to in the firft.

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

The fourth thews the mean height of the
Thermometer for each period.

-
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Diiy of the
Monti*.

Aug. 14th, )

P.M.

15th'A. M.4

' P-M

Vi

A P PEN

TI' ‘'Ivinie 'by tie

¢ Watcbi

h
6
7

*a

5

NSO N W

io

12
13

o 0N AW B,

>5

16 10
171
18 12

20 2
21 3

00 00
29 531
13 3Q

00 09
.3 00

09 225

89,
00 00

00 oar
00 00 .
00 00,
OG0 00,
aa'oo
000Q
00IQO
00
00
00
00
39V

H»

D I X.

I

60

60
60

60
60

60
60

60
60

Time bj iher-
Pendutun. room.

0

44

43
40

36
35

i3
i36
37
536
*36;
37
36

37

36?

37
37
-37
.3
37
37
37
37
-31

Reinai ;s.

The Pendu-
ann fet ago-
ing with the
additional
Weight.

Day
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Obfervations with the Pendulum from the

| 2 é 5
%amdgl).s Ti mn&e m’gngflﬁglltofﬂt
v{let}]ew byof Thermometer at

of Qbfervation. |
H /i /i 0 0
21——22 0 5, 55 3 57 3
ek - 2 js5 s5 5 49%* 107
22—— 27 4 45 50i 9* 53* 6*
22——30 5 23 49 H 53 7
21—__ 30 6 21 46 14 54%* 5%
i—_ 13 7 *9 46 H 47* IZi
s —21 8 - H 46 48 % Ir*
1s——22 ¢ 5 11 49 5 9 *
- IS 9 35 41 9 48 12
B~—- 211023 o 51 49 N
/3——2211 21 6 54 50 10
Is- —27 j3 51 H °* 58% 52 8
I5¢ — 30 g 29 0 60, 5i* 8*
x»__ 27 16 56% 63* 54 6 )
16 * 6*
*3_ —3(0 44 55 65 53
i— — 21 17 42 55 65 48* 11*
r——22 18 40 o, 68 491 10*
1— —27 ;5 26 42% 7% 59« 9*
I— _ S© 24 4 41 79 50* 91

oigitzed by (J le
000)
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A P M N D i“X- V.158?
it appears by thé original obfervations fhat the'. -

pehdiihifh bfcgan its vibrations at £on, the inftant.
Th which the 1itil limb of the Tim was obiérved to
«ouchthe fide of the vertical wire in the teleicqpe
of the -Equatorial, that is, at five hours, nineteen
minutes, twenty eight féconds in the afternoon by
the watch, (X the i6fh of Julyj and by every
comparHot) of the pendulum with the watch, that
the pendulum wascbnftamly gaining on die watch,
andin a period Oftwenty-four hours, Tour minutes,
fofty-one féconds, had gained On the watch feven-
ty—nftlt feeonds ; and when the revolutibn of the
ftih was Completed, ft appeared, that the watch
had lofl'féut ieconds in the exaCt period of twehty-
ibiir hours; therefore, if four feconds loft by the
Watch, be fiibtra&ed from leventy-nine, the time
gained by the pendulum on the watch,, it will leave
févélify-five féconds for the time gained by the pen-
dulum on the meanor true time, no dedu
being here made For the contraction of the pendu-
lum rod by the cold.

The odd fifteen féconds are determined by ob-
lerving, that the pendulum fhoWed four féconds
and a half exarftly when the funhad again return-
ed to the vertical wire ; b that this period is de-
termined wholly by the fun, and totally indepen-
dent of the Watch * but as the watch is found by
the lame obfervation to have loft only four féconds,
recourfe is had to the intermediate comparifons of

. it with the pendulum, which clearly ihow that the
pendulum

onzes vy GOOEIE
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pendulum had gained one mimic,together
with the fifteen féconds determined by the pendu-
lum and the revolution of the fun: and although
it appears by the eleventh column of the foregoing
table that the watch did not lofe uniformly at the
rate of four féconds in twenty-four hours, yet its
mean rate leaves as little doubt with regard to the
whole minutegained by the pendulum, as if its go-
ing had been perfe&ly uniform during the whole
time. For, if from the fum of all the periods in
the fécond column, and of all the accelerations in
the tenth, a mean rate be taken, it makes the ac-
celeration of the pendulum on the watch to be 80"
79 in twenty-four hours, which differs from the
acceleration obiérved by the revolution of the fun
only 5", 75; and from the rate of going of the
watch, determined by the revolution of the fun,
only i",79: hence there can be no poflible room
to fuppofe an error of a whole minute.

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

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

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

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

As the companion of the watch and the pendu-
lum in this one inftance is not from a;tual obferva-
tion, at theinfiant, but fuppofes that the watch
had kept for thirty-four minutes to the fame rate
of lofing at which it had been obferved to lofe
for nearly twenty-four hours immediately preced-
ing ; the time by the watch is inferted
in the table of obfervations within hooks to dif

tinguiih it, that every perfon may have an oppor-
tunity

oisnzes ny GOOEIE



,0% APPENDIX.

tunity of judging how far it ought to be admitted.
Upon the whole it appears, that by the revolution
of the fun, corre&ed for the oblique dire&ion in
which it palled the vertical wire in the télefcope,
the change of declination and the équation from thé
time of its Weft limb touching the wire on the
i£th, to the time of its touching tht fame wire on
the 17th of July, that the pendulum gained leven-
ty-five féconds in twenty-four bouts. But as the
mean height of the thermontetef fot the time of
this experiment was p°l lower than 60°, the height
at which it was at London when the pendulum
Was compared with the clock, the pehdilluW
ought on this account, according to Mr. Smeaton's
experiments, to have béén Contracted of an
inch, and to have gained on that account .2,*72%
lo that the acceleration Of the pendulum Arifi'ng
only from the difference between the latitude <5
London and 79* 50- N, is 72'%,2S.

The pendulum was continued ia motion, and
the oomparifens between it and the watch made as
before, with intention «o take a fécond revolution
of the (ufi: but at eleven o'clock irex* morning,
the wind being fair, and the weather cloudy»fo as
to afford profpeét of feeing the fun iu the after—*
boon, the i&ftrumeits wera taken on board, tmd
the ihips tailed immediately.

Auguft
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Auguft the fourteenth, we landed the Pendu*
lum, Equatorial Inftrument, and aftrongmical
Qyadrant on Smeerenberg Point, latitude 799 44/
N ; and let up the pendulum in every refpect as
formerly described. The equatorial and quadrant
were alfo fet up, and prepared for obfervation.

The pendulum was let a going when it was ex-
actly 6h o' 6P M. by my watch, from which
time it was frequently compared with the watch,
till Sh 50' «A. M. the 15th v when the pendulum
Hopped. It was again fet a going, with die .addi-
tional weight which had formerly been ufed, when
the watch was exa&ly 6P 00", and continued
going from that time till after five in the morning
of the 18th, in which timr the thermometer was
obferved, and the watch and pendulum compared,
as in the following table: many altitudes of the fun
were taken with the quadrant, on the 15th A. M.
but without any further opportunity till the 18th
A. M. when they were ropeated'to afcertain the rate
of the watch’s lofing.

Day
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DYy of the ITT Tune >y the Time hi "lher~ Remarks.

Month. ‘Watch! Pendulum  eex).
h ' " V4 0
Aug. 14th,
P.M. 6 00 00 60 44
7 «9 53= 60 43
ia »3 3PF 60 40
15th A. M.4 5 00 09 60 36 The Pendue
6 os 00 60 35 4 fet age-
- ing with the
P.M.fc 2 Op 22? 60 136 qdtoml
3% Waght.
7 859 49, 60 37
16th, A, M.8 2 00 00 f;ﬁﬁ
9 30000 - 37
—i0 4 00 00 . : 36,
ti 5 00 00, 37
12 6 00 00, 365
13 7 00 00 37
H 8 0000 37
16 10 00 00 .37
1711 00 00 37
Noon 1812 00 00 37
P. M. 19 100 00 37
20 201 39V o0 37
21 3 01 34* 60 37
vJ
Day

oizes sy GOOZIE



APPENDTIX

Day of the H® Time by the Time by Ther- Rcuiaiks.

Month. Watch. Pendulum mom.
Rt i 0
22 7 13 >6 60 38
23 9 00 00 38
24 io 00 00 37*
2511 00 57 60 37
Midnight, 26 12 00 00 38
A.ug.i7th,
AM 127 1 00 GO 38
28 2 00 00 38
29 3 00 0O 38
30 4 00 00 37i
31 5 00 00 37i
32 6 00 00 38
33 7 00 00 37i
34 8 00 00 378%
Noon 35 9 00 00 37$
P.M. 36i0 00 00 38s
37 it 00 00 37
38 12 00 00 39¢
39 i 00 00 40
40 2 02 58 60 41
41 4 23 as* 60 40
4210 00 19i 60 39

letween five and fix in the morning of the eighteenth,
it blew hard, and the Pendulum flopped.

03 The
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The following table is conftru&ed in every re-
fpeft the lame as that defcribed page 155, and
differs from it only in having an
in which is given the rate of acceleration of the
Pendulum in twenty-four hours, according to the
time by the watch, corre&ed 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 loii, during the
interval of the three days, at the rate of
per day. The rate of acceleration of the pendulum
in twenty-four hours being thus determined, agree-
able to the acceleration obferved in each of the laii
eight periods, being thole of the longell duration ;
and thele obfervations being already corrected for
the thermometer ; a mean is taken from the whole
as the true rate of acceleration of the pendulum on
mean time in twenty-four hours.

TABLE
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ift, 1773» in Latitude 790 44' N.

10 I 12
Ohe f Time gained by Ratio of Ratio of accelera-
> the Pendulum on Accelera- tion of the Pendu
s the Mean Time, tion per lum on the Mean

\Zofgoing., allowing for the Hour. Time in Twenty-
1 Thermometer, four Hours.
s and Rate of the
leudes. Watch’s lofing.
W =
I Vi
240,99 3>75 3,75
I M7 4.78 3»J9
4<2>31 9765 4>ii
556 3 >9,12 34r
6,14 21,95 3%52
8,04 27,20 3,34
Jro,86 37,44 34i P
i4.79 41,04 2,73
262,71 69,04 3,% e o 72,07
2,i2,73 67.9i 295 e e 7979
43*55 72,85 3905 o o 73,24
20-3,72 7178 299 . . 7L71
A 4559 76,66 3,8« x 73>98
21<4,43 78,08 3,07 + + 73,86
<5>49 146,81 3%° e e 73,57
:»320 200,63 3A3 . - .77,23
Mean 73,06

Which gives ihe
Acceleration of
the Pendulum on
rmue Time from
‘she chanee of Ut.

From
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From the refait of this table, the time gained by
the pendulum in twenty-four hours of mean time,
after deducting the acceleration on account of the
contradlion of its rod by the cold, is feventy-three
féconds, and fix hundredths of a fécond ; which is
one fecond, and two hundredths of a fecond more
than by the refait of the obfervations of the 16th
and 17th of July. But although the rate of going
of the watch from the 15th to the 18th days of
Auguft, was afcertained by a mean of fifty-five al-
titudes of the fan, I am inclined to give the pre-
ference to the obfervations of July, where the exadt
period of twenty-four hours was determined by a
revolution of the fan, obferved with a telefeope
whofe magnifying power was fixty. And notwith-
ftanding that the height of the thermometer during
the time of obfervation in Auguft was remarkably
uniform, and that the watch was found by the
companions with the pendulum to have loft during
the whole time as uniformly as could reafonably be
expedted ; yet a fmall irregularity in its rate of going
near the beginning or end of the obfervation, might
occafion the difference of this refait from the former.

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

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

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

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

According
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According to Sir Ifeac Newton the
Pendulum gains in latitude 79°

50', - - 66", 9»
In which cafe the equatorial dia-
meter would be to the polar fts i$0 102:29"

According to Mr. Bradley’s -com-
putation, from Mr. Campbell’s

obfervations, - 76,6 ;
Equator»! diameter to the polar as 201 toa00:
According to Maupertuis, 86,5 »

Equatorial diameter to the polar as 178 to j 79t
According to my obfervations, 1 73*06

Equatorlal cliameter to the polar (212,9 to 211,9
as - *210,7 to 209, 7 :

The mean of which is very nearly as 212 to 211.

PSS NATURAL»
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NATURAL HISTORY,

HOUGH the (hortnefs of my day at Spits-

bergen, and the multiplicity of occupations»
in which I was neceflkrily employed, during the
greateft part of that time, rendered it impoffible
for me to make many obfervations on its natural
productions ; yet as there are among thofe few fome
which have not before been made public, I am in
hopes that this article will not be found wholly un-
profitable. The following catalogue, imperfeCt as
it is, may ferve to, give a general idea of,the fparing
productions of that inhospitable climate.

As modern naturalifts have formed the technical
terms of the fcience out of the Latin, it becomes
neceiTary to make lome ufe of that language, in or-
der to render the defcriptions of fuch things as are
new, intelligible to thofe for whofe ufe they are in-
tended ; I fhall always, however, annex Englilh
names to the fcientifick ones, when fuch are to be
found.

MAMMALIA.
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MAMMALTIA.

Trichechus Rofinarus, 49. 1,
Aritick Walrus. Sjuadr.
P-

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

Phoca Vitulina. Linn. 3
Common Seal. Syn.Quadr, p, 339.
Pound on the coaft of Spitibergen.

Canis Lagopus.  Linn. 95.63.
Arttick Fox. p. 155.
Found on the main land of Spitibergen and iflands
adjacent, 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 fleih of one, and found it good meat.

U RSUS

viiees oy GOOEIE



A P P E N D I X

Ursus Maritimus. Linti. 70.
Polar Bear. Pen* p- 192. T.
20. F.

Foundin great numbers on the main land of Spits-
bergen ; as alio on the iflands and ice fields adja-
cent. We Kkilled Several with our mufquets, and
the feamea ate of their fleih, though exceeding
coarfe. This animal is much larger than the black
bear the dimenfions of one were as follows :

Feet. Inches;

Length from the Thout to the tail. 7 1
Length from the fnout to the fhoulder-bone, a 5

Height at the ihoulder, - 4 3
Circumference near the fore legs, - 70
Circumference of theneck ckfetothe ear, 2 1
Breadth of the fore paw, - 07
Weight of the carcais without head, ikin
or entrails, . . . 610 Ib.
Cervus Tarandus. Linn. 93 .4
Rein Deer. Penn. Sawdrp.4 T. C

F. i.
Found every where on Spitibergen.
We ate the fleih of one which we Killed, and
found it excellent venifon.

Balaena Mypicetus.Linn 105. 1.
Common Whale. Penn. p- 85.
Thia
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This fpecies, which is fought after by the fiiher-
men in preference to aU other whales, is fou«4
generally near the ice. We faw but few of them
during our ftay.

Balaena Phyfalas. Linn. 106.2,
Fin Fifh. Penn.Bp. 4.1.
Found in the ocean near Spitibergen.

A VES.

A nas molliffima. Linn. Syp. ©8. 15.
Eider Duck. Penn. p- 454,
Found on the coaft of Spitibergen.

Alca aralica.Linn. Syf.211 .4.
The Puffin. Penn. p 405.
Found on the coaft of Spitibergen.

Alca Alle. Linn. S)3. NR1 5.
Foupd on the coaft of Spitibergen in great abun-
dance.

ProcellARia i« ). 213. 3.
The Fulmar. Penn. p- 431.
Found on the coaft of Spitibergen.

Colymbus Grylle.Linn. 20.1.
Found on the coaft of Spitibergen.

COLYMBUS
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CorLyMmBUs Troile. iyp.
Found on the coaft of Spitibergen.

Colymbus glaciallls*. Linn. 5
The great Northern Diver. Penn.
P 4.13.
Found on the coaft of Spitibergen.
Larus Riffa. Linn. Syp.
Found on the coaft of Spitibergen.
Larus Pardfiticus. Linn.
The Ardick Guii. p. 420«
Found on the coaft of Spitibergen.
L ARUS fiveus, immaculatus, pedibus
plumbeo-cinerers.

Found on the coaft of Spitibergen.

This beautiful bird is not delcribed by Linnaeus”
nor, I believe, by any other author ; it is nearly
related indeed to the Rathfher, delcribed by Marten
in his voyage to Spitibergen, (See page 77 of the
Engliih tranflation) but, unlels that author is much
miftaken in his defcription, differs eiTentially from
it. Its place in the Sypentafeems to be
next after the Larus where the Ipecifick
difference given above, which will diftinguilh it
from all the fpecies defcribed by Linnaeus, may be
inferted.

D ESCRIPTION.
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DESCRIPTION.

Tota avis (quoad pennas) nivea, immaculata.
Rofsrum plumbeum.

Orbita deroceae.
Pedescinereo-plumbei. Un igri.
Digitus firticulatus, unguiculatus.

Ala cauda longiores.
Cauda aequalis, pedibus longior.
Longitudo totius avis, ab apice roftri ad

finemcaudae, - - Uncias 16
Longitudo inter apices alarum expanfarum, 37
] Roftri, - - t

Sterna Hirundo. Linn. 27.2.
The greater Tern. p. 428.

Found on the coaft of Spitibergen.

Emberiza nivalis.  Lynn.Sy 38. 1.
The greater Brambling.

R1.
Found not only on the land of Spitibergen, but alio
upon thence adjacent to it, in large flocks : what
its food can be is difficult to determine ; to all ap-

pearance
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pearance it is a granivorous bird, and the only one
of that kind found in thefe climates, but how
that one can procure food in a country which pro-

duces io few vegetables, is not eafy to gueis.

AMPHIBIA.

CYCLOPTERUS Liparis. 44. 3.
Sea Snail. Penn.Brit. AL p. ioS.
Two only of thele were taken in a trawl near Seven
liland Bay.

PISCES.

Gadus carbonarius. Linn. Nat. 43 8.
The Coal Fiih. Pennlll. p. 152.
Though we trawled feveral times on the North
fide of Spitibergen, and the feameri frequently
tried their hooks and lines, yet nothing was taken
except a few individuals of this and the foregoing
ipecies.

INSECTA.

Cancer Squilla. Linn.  Syf1051.66.

The Prawn. Merr. 192.
Found
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Found in the ftomach of a feai, caught near the
coaft of Spitibergen.

C ANCES Mmmcrourus, thorace carinato
aculeato, manibus lzevibus, pollice fubulato

incurvo.
This iingular fpecies of Crab, which has not

before been defcribed, was found with the former
in the ftomach of a Seal ; its place in the
Naturafeems to be next after

D ESCRIPTION.

fhowovatus, tricarinatus :

tuberculofae, antice (pina acuta terminatae
dorfalisfpinis tribus vel quatuor validis armata;
antice produda in roftrum porredum, acutum,
breve, Thorace quintuplo brevius ; przeter *fpinas
carinarum, anguli laterales thoracis antice in fpinas
terminantur.

Ataraduae, thorace fere triplo breviores, bi-
fidse : Ramulus  prafliufculus, filiformis,
obtufus ; Inferiorgracilis, fubulatus.

Palpi duo, duplicati ; foliatus,
feu explanatus in laminataovalem, obtuf:
gitudine antennatum, iutus et antice villis ciliatani;
Ramus antenniformis, fubulatus, multiar-
ticulatus, antennis triplo longior.

viirea vy GOOZIE



iJo APPENDTIX.

ParaMdeSdecem, anteriores parvi; poflremi
magni, pediformes articulo ultimo explanato in
laminam ovali-oblongam.

Pedes decem, duo primores chelifer), carpis in-
craffatis, reliquiefimplices 5 pares fecundi et tertii
filiformes, graciles \quarti et quinti craffiu

Cauda horace longior, fexarticulata ; articulis
quinqué anterioribus carinatis, carinis Ipina dntror-
fum vergente armatis; aniculus fextus fupra bica-
rinatus, muticus, terminatustliOliS quinqué, arti-
culis caude Jongioribus; intermedio lanceolato,
acuto, porrefto, craflb, fupra planiufculo, quadri-
carinato carinis interioribus obfoletis, fubtus co6n-
cavo lateralibus ovali-oblongis, obtufis.

Maffadecem (nulli fub articulo ultimo) dupli-
cad : Foliolis lanceolatis, ciliatis.

@pecimina magnitudine variant, alia triun-

cialia, alia feptem uncias longa.

Cancer ﬁacrourus, articularis, corpore
ovali, pedibus quatuordecim fimplicibus, la-

minis femorum poftici paris ovato-fubrotun-
dis.

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

D ESCRIPTION.
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DESCRIPTION.

Infedum ex ovali-oblongum, glabrum, pundu-
latum, articulis quatuordecim compofitum, quorum
primus capitis eft, feptem thoracem mentiuntur, et
iéx caudam tegunt.

Capitis clypeus antice inter antennas in proceflum.
conicum, acutum deicendir.

Antenna qatuor, fubulatae, articulatae, fimplices,
corpore decuplo breviores.

Pedes quatuordecim, fimplices, unguiculati ;
morapoftremi paris poftice acut3, lamina dimidiato-
fubrotunda, integra, magna, quatuor lineas longa.

Caudaf)liata, foliolo unicobrevi bifido:
lanceolate, acute.

Heufleri diodecim, duplican, fubulati, pilis longis
ciliati, pofteriores retrorfum porredi.

%pecimina magnitudine variant, uncialia et

biuncialia erant.

CANCER Bnacrourus, articularis, pedibus
quatuordecim fimplicibus, laminis femorum

fex pofteriorum dilatatis fubrotundo-cordatis.

This animal, which has not before been de-
(cribed, fhould be inferted in the
near Cancer Pulex ; it was taken in the trawl near
Moften Ifland.

P Description.
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DESCRIPTION.

Inferum oblongum, compreflum, dorio rotun-
datum, glabrum, fefquiunciale, articulis quatuor-
decim compofitum, quorum primus capitis eft,
feptem thoracem mentiunter, et iéx caudam effi-
ciunt.

Capitis fihu obtufo antice pro antennis
emarginatus.

Antennaquatuor, fubulatae, multiarticulatae ;
Superiores corpore iéxtuplo breviores, Dbifidee : arti-
culo baleos communi, magno; interior
exteriori duplo brevior.

Inferiorestimplices, fuperioribus duplo longiores.

Pedes quatuordecim, fimplices, unguiculati, un-
guibus parum incurvis. iéx pofteriora po-
ftice audta.

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

Caudaapice foliata. duobus, oblongis,
obtufis, parvis.

Majziduodecim, duplicati, lineari-lanceolati,
pofteriores retrorfum porre&i, ut facile pro appen-
dicibus caudae fumantur.

Cancer Pulex. Linn.Syf p. i055.81
Taken up in the trawl along with the former.

VERMES.
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VE R M E S

siruNcuLus Lendixy corpore nudo cylindraceo,
apertura fubterminali.

Found adhering, by its fmall fnout, to the in-
iide of the inteftinesof an Eider Duck. Mr. Hun-
ter, who at my requeft diffe&ed it, informed me
that he had feen the fame fpecies of animal adher-
ing to the inteftines of whales..

DESCRIPTION.

(apserqeeum,  fubceylindraceum, tres lineas
longum, crailitie pennze paflérine, utraque extre-
mitate parum attenuatum, apice terminatum in
RofSrum anguftum corpore quintuplo brevius, quo
tunicis internis inteftinorum fefe affigit* prope al-

teram extremitatem Afnplex,
«tenfibilis.
ASCIDIA gelatinofa. Lin 1087.2.

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

P2 ASCIDIA

oisnzes ny GOOEIE

pro lubi



1&4 APPENDIX.

Ascidia ruflica. Lim. S$1087.5
Taken up fikewife in the trawl, on the North

fide of Spitibergen.

L ERNEA diklin Syf5. Nat. 1092.1.
Found in the gills of the Sea fnail mentioned be-
fore.

C1.10 /elicinanuda corpore fpirali.
MesSpitfiergen p. 141. t
fig. énail Hime fiih.
Found in innumerable quantities throughout the
Arttick feas.

DESCRIPTION.

(@pamagnitudine pifi, in ipiram ad inflar he-
licis involutum.
Ala ovatae, obtufée, expanfze, corpore majores.'

CLIO limacina mda, corpore obconico.
The Sea May Fly.
B fiab. P. 1. 5.

This little animal is found where the laii is, in

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

Medusa capillata. Linn.  1097.6.
Sea Blubber.
Taken up on the palTage home, about the lati-
titude 650.

ASTERIAS S, 1098. 2.

Taken up on the North fide of Spitibergen.

A sterias rubens.Linn. 099 .3 .
Sea Star.

Alfo taken up in the trawl on the North fide of
Spitibergen.

ASTERIAS Ophiura. Linn. 1100. 11.
We likewife took this up in the trawl, on the
North fide of Spitibergen.

A sterias pectinata. Linnnoi. 1
This, as well as all the reft of this genus, was
taken up in the trawl on the North fide of Spit-
ibergen.

P3 CHITON
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Chiton ruber. Lim.Syf1107.7.
Chat of Mail Shell.
Taken in the trawl, on the North fide of Spit- .
Ibergen.

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

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

Mya fruncata. Linn. Syf1112.2
Likewife found on the beach in Smeerenberg
harbour.

M YTILUS rugofus. Linn. 1156.249.
Was found with the former on the beadh at
Smeerenberg.

BucciNnum carinatum, tefta oblongo-conicatranf-
verfim ftriata ; anfra&ibus fuperioribus oblique ob-
tufeque multangulis jnferioribus unicarin

Found on the beach at Smeerenberg harbour.

T URBO
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» T urso  helicinustefta umbilicata convexa ob-
tuia : anfraftibus quatuor kevibus.

Taken up in the trawl, on the North fxdc of
Spitibergen.

Serpula RS 1265. 794..
Found in plenty fticking to the ftones and dead

ihells in Smeerenberg harbour.

Serpula triquetra.  Linn.1265.795.
Found with the laft adhering to dead ihells.

Sabella frufiulofa, tefta iblitaria libera fimplicl
curvata : fragmentis conchaceis fabulofilque.

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

DESCRIPTION.

Vagina ipithamea vel longior, crafiitie pennae
anférinze, undique tefta f feepe
magnitudine unguis, et fabulis magnitudine femi-
num cannabis.

h/littRROR A pobmorpha. 5.53.
Varietas rubra.
,»» Found thrown up on the beach at Smeerenberg
harbour.

P 4 CELLEPORA
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Cellepora pumicgarizs
Found on the beach at Smeerenberg.

Synoicum turgens.
Taken up in the trawl, on the North fide of
Spitibergen.

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

Animaliononnulla, ex apice finguli ftirpis
aperientia.

Stirpes plures, radicatee, carnofb-ftupofze, e bafi
communi ereCta, cylindraceze, apice regulariter
pro animalibus pertufee.

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.

Stirpesplures, radicatee, carnofo-ftupofze, digiti-
formes, cylindraceze, fuperne paulo craffiores, ob-
tufze, magnitudine digiti infantis, fubereétze, apice
orificiis nonnullis perforatze, inferne dilatatee fue

explanatze

oisnzes ny GOOEIE



APPENDTIX. 189

explanatce in bafin communem lapidibus adhgeren-
tem.

OrificidTex ad novem, ordine circulari plerum-
que di(pofita ; Tub iingulo orificio cavitas longitu-
dinalis, forfitan fingulo animali propria, in qua

imo Faux anguila, brevis.

2% [Inteftinum inflar ftomachi dilatatum, oblon-
go-ovatum, inferne pdobus pertufum ;
inter illa foramina aliud delcendit inteftinum, valde
anguftum, filiforme, arcum brevem formans.

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

FLUSTRA pilofaBy/i. 1301. 3.
Found adhering to ftones in Smeerenberg har-
bour.

FLUSTRA membranacea.
Found with the laii mentioned Ipecies.

P L A NT A

A GROSTIS algida panicula mutica contraria, ca-
lycibus breviffimis inzequalibiis.

This
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This imaii grafs, which has not before been
known to botanifts, may be inierted among the
ipecies of Agroffis next to the

DESCRIPTION.

Gramen in caelpitibus nafcens.

Rdfibrofa, perennis.

Folia plurima radicaba, pauciffima caulina, gla-
bra, latiuicula, iongitudine culmi, patula, bah di-
latata in vaginas laxas.

@mdfcendentes, glabri, ieiquiunciales.

Rrviaddineari-oblonga, contraia, ftrifia, mul-
tiflora.

CalycisGluma membranaceze, albidze, glabrae,
muticx, ingequales: aninutiliim:
obtuia; inferioroblonga, acuta, corolla quintuplo
brevior.

Corolla @blongae, acutze, carinatze, mu-
tica, glabrae, femilineares : exterior paulo longior.

Staminatria.

Stigmataduo.

Semenunicum, oblongum, utrinque acumina-
tum, a corolla liberum.

Tille a aquatica. Linn.
Juncus campefris. Linn. 468.17
SAXIFRAGA
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BrYUM

oisnzes ny GOOEIE

SAXIFRAGA glidSpec. 575.18.
SAXIFRAGA cernua. Linn 577.2
SAXIFRIGA rivularis. Li 577.2
« Saxifriga cafpitofa. L 578.34.
Cerastium alpinum. L ©8.8.
R ANUNcULUSfulpbureusycalycibus hirfutis, c*ule
fubifloro, petalis rotundatis, integerrimis, follis in-
ferioribus fublobatis, fupremis multipartitis.
Ranunculus quartus. Mart. p- 58.
T. T.F. d.
(Primo intuitu Ranvunculfimillimus,
differt autem, quod Petala rotundata, integerri-
ma, intenfe lutea, fulgida; et Folia minus fubdi-
vifa 5 fixdifia, laciniis oblongo-lanceolatis in-
tegerrimis inferiora caulinalata, plana, le
loba vel quadriloba.
This new plant ihould be iniérted next to Ra-
nunculus glacialis.
COCHLEARIA Danica. L 903 .3
COCHLEARIA Groenlandica.
904.4.
SALIX herbacea. Linn. 445.16.
POLYTRICHUM commune.
1573- i-
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BRYUM Hypnoides. Linn. 1584.2

Befides thefe, there were*two other kinds of
Bryum, the ipecies of which could not be deter*
mined, for wantof the fructification ; theone re-
fembled Bryum trichoides laete virens, &c. Dill
Mufc. 391, t. 50, f. 61 ; and the other Bryum

hypnoides pendulum, Dill 94,
64, C.
H YPNUM aduncum. Linn. 1592. 23.
Juncermannia julacea. 1601.
20.

Another fpeciesof Jungermannia was alio found,
but without fructification ; it is not much unlike

Lichenastrum ramolius foljis trifidis. Dill.

489, t. 70, f. 15.

LICHEN ericetorum.Linn. Spec. 1608. 12.
L ICHEN Iflandias. Linn.S 61 r. 29.
L ICHEN nivalis. Linn.Spec. 1612.30.
L ICHEN caninus. Linn.Spec. 1616.48.
L ICHEN pobrn bizos. Linn. 1618.57.
Lich en pyxidatus. Linn.Spe 1619. 60.
Lichen COVIULUS. Linn.Spe 1620.64.
Lid»EN

oisnzes ny GOOEIE



APPENDIX. 193

Lichen rangiferinus. Linn.S 1620.66.
Lichen globiferus. Linn. B3.
Lichen pafcbalis. Linn.51621.69.
Lichen chalybeiformis. Lin 1623.77.

A CCOUNT
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A ccounT of Dodtor IRVING’s Method of obtaining
freih Water from the Sea by Diftillation.

S the method of rendering fait water freih, by
diftillation, introduced by Dodtor Irving
into the Royal Navy in the year 1770, and prac-
tifed in this voyage, is an objedt of the higheil
importance to all navigators, and has not hitherto
been generally known, I have added the following
very full account of its principles, apparatus, and
advantages, with which I was favoured by Dodtor,
Irving himfelf.

<« previous to an account of this method of
**rendering lea water freih by diftillation, it may
“ not be improper to give a ihort detail of the ex-
¢ periments which have been formerly made by

** others on this fubjedt, pointing out at the fame
¢ time the feveral diladvantages attending thejr pro-

“ celles, and the general cautes which obftrudted
** the defired fuccels.

*Without entering into an account of the ear-
“ Her experiments, it will be fufHcient to take a
1 view of fuch as have been profecuted with molt
“ attention, for the laft forty years.

“ The firft of thele was the procefs of Mr- Ap-
‘ pleby, publiihed by order of the Lords of the
Admiralty,
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“ Admiralty, in the Gazette of June 22d, 1734.
“ By the account of that procefs it appears, that
“ Mr. Appleby mixed with the lea water to be dit
¢ tilled, a coniiderable quantity of the

ufentalis and calcined bones. The highly unpo-
“ latable tafte of the water, however, exclufive of the
“ extreme difficulty, if not impoffibility, of reduc-
“ ing the procefs into praCtice, prevented the fur-
“ ther profecution of this method.

“ Another procefs for procuring frefh water at
“ fea, was afterwards publifhed by DoCtor Butler.
“ Inftead of the Lapis Infernaand calcined bones,
“ he propofed the ufe of fbap leys ; but though the
** ingredients were fomewhat varied, the water
“ was liable to the fame objections as in the preced-
ing experiment. DoCtor Stephen Hales ufed
powderid chalk ; and introduced ventilation, by
“ blowing fhowers of air up through the difltilling

water, by means of a double pair of bellows. It
“ was found by this method, that the quantity of
K freih water obtained in a given time, was fbme-
“ what greater than what had been procured by
“ the procefs of Mr. Appleby. This invention,

“ however, was fubjeét to I¢verai difadvantages.

(13

(13

“ The air box which lay on the bottom of the ftill,
“ as well as the chalk, much obftrudted the aCtion
“ of-the fire upon the water, at the fame time that
“ the boiling heat of the latter was diminifhed by

the ventilation : fo that more than double the

“ ufual
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“ ufual quantity of fuel was neceflary to produce the
“ lame effet. Befides this method by no means
“ improved the tafte of the water.

“ The next who attempted any improvement
“ was the learned Dotor Lind, of Portfmouth.
“ He diftilled fea water without the addition of
** any ingredients sbut as the experiment
“ was performed in a veliei containing only two
“ quarts, with a glafs receiver, in his ftudy, no*
4 thing conclulive can be drawn from it for the ufo
“ of (hipping. Indeed experiments of the like
“ Kkind had been made by the chemifts in their la-
“ boratories, for at leaft a century before.

“In the year 1765, Mr. Hoffman introduced
“ a Still of a new conftrution, with a fecret ingre-
u dienti but the large fpace which this machine
“ occupied, being foven feet five inches by five
“ feet eight inches, and, with its apparatus, fix'
“ feet foven inches high, made it extremely ;neon-
“ venient: at the lame time that, on account of
“ its (hallow form, the ufoof it was impraticable
 during any confiderable motion of the (hip. The
“ water obtained, likewife, poflelTed all the dilad*
“ vantages common to the preceding methods.

“ About the lame time experiments were made
“ with a ftill of the common conftrution, and Mr.
“ Dove’s i’ his method was attended

“ with
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with do0 advantage over any that had been for-
“ rtlerly ufédi thé diftilled water waa moft iinpi-
*Jatabiev ahd thé edormbus fixeof the apparatus,
** which occupied a fpace of thirteen feét feven
“ inches by fix feet one inch, and fix feet fiveinches
“ in height, rendered it impracticable on board
fhips. An experiment was immediately after-
wards made With the fame ftill without any in-
gredient ; the réfult, however, waa uniformly a
moft unpalatable tafte of the water.

[13

[13

[13

u About this period, alfi), M. Poiflbnnier of Paris
introduced into thé French marine a ftill, three
“ feet fix inches lotig, two feet wide, and eighteen
“ inches deep. A portion of the chimney paiTed
 through the upper part of the ftill, much in the
“ fame manner ad that of Mr. Hoffman : thefe
‘“ gentlemen fuppofed that by this means they
“ jhould lave fuel. The mouth of M. Poiflbd-
“ nier’s ftilf 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
* thele were fixed tin pipes, of the fame bore and
“ ftven inches' long, terminating within the ftill-
“ head. The intention of this contrivance is to
“ prevent any of the water in the ftill from paf-
*fing over into the worm, while the Ihip is io
 confjderable motion.

(19
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“ In every other refpedt M. Poiflbnnier employs .
4a ftill-head, worm-pipe, and worm-tub, with..
44 all its ufual apparatus ; and he diredls fix ounces .
Hof fojpl alcalito be mixed with the iba water a
4 each diftillation, to prevent the acid of the Mag-
4 nefia fait from rifing with the vapour, when fait .
4 begins, to formon the bottom of the .ftill. .It is
4 probable that in M. Poiflonnier’s ftill, which was..
4 even more (hallow in its form than Mr. Hoff
4 man’s, (bme of the water might be thrown up .
4 toward the worm- in which cafe the pierced
4 plate with pipes might be of (bme fervice .in
4 breaking the diredlion of the water. But by .
4 Dodtor Irving’s tube this inconvenience is entirely..
4 prevented, as experience fully evinces, viz. in a .
4 voyage to Falkland’s Iflands, where it has been
4 ufed in diftillation every day; in léverai voyages.
“ to the Eaft Indies; and in this voyage, asis men-
tioned in the Journal

4 M Poiflbnnier, in corredting this error in the
44 conftrudtion of his ftill, has introduced another
4 of the moft capital nature in diftillation. For
4 by means of the pipe-cullender, the vapour will
4 meet with the greateft refiftance to its aicent,,
44 which will retard the progrefs of diftillation ina
44 very high degree, and increafe the

4 From all the experiments abovementioned, it.
“ is evident, that no method had hitherto been.
4 invented of making fes-water freih, which was
4 not attended with fuch inconveniences as rendered

4 the
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4* the léverai proceflés oficarce any utility. Thede-
" feds of the various methods above enumerated,

“ may be reduced to the following heads:

“ 1. The fmall quantity of water produced by
“ the ordinary methods of diftillation with a ftill-
“ head, and worm, could never be adequate to the
* purpolés of ih'tpping, though the apparatus

“ jhould be kept in conftant ufe; and at the fame

“

EN

time, this mode of diftillation required a quantity

“ of fuel, which would occupy greater fpace than

“ might be fufficient for the ftowageof water.

“a A Stil/-burnttafte, which always accompanies
this method of diftillation, and renders the wa-

“

EN

“ ter extremely unpalatable, exciting heat and
¢¢ thirft, if drank, when recently diftilled.

“ 3. A total ignorance with refpedt to the proper

“ time of flopping the diftillation, whereby fait was

«
EN

permitted to form on the bottom of the boiler;
u which burning, and corroding the copper, de-
“ compofed the felenitic and magnefia faits, cauf-
“ ing their acids to afcend with the vapour, a*d
“ adt on the ftill-head and worm pipe, impregnating
“ the water with metallic faits of the moft pernici-

“ ous quality.

, “4.The fpace occupied by the ftill, ftill-head,
“ and worm-tub, renders-the ufe of them in moft
“ cafes totally impradticable on board fliips. Add

“ to this, their wearing out fo faft on account of the

DFcaufes

owzes vy GOOEIE



200 A PPENDTIX

*“ caufes above mentioned, the great expence of
“ the apparatus, with the hazard of the ftill-head
“ being blown ofC and the inconveniences thence
“ arifing.

“S5. The ufe of ingredients, which though
“ omitted in ibme experiments in fmall, were ne-
“ verthelefs erroneoufly confidered aseffentiai to the
“ making fea-water fweet and palatableby diftillation.

“  6The inconvenience of a cumberlbme appa-
“ ratus, calculated only to be eventually ufeful in
*unexpected diftrefe for water, but conftantly
“ occupying a great deal of room in a ihip, .too
“ neceffary for the ordinary purpofe to be ipared
*for that objeCt.

“ Having Ipecified the principal defeCts of the
**]éverai methods hitherto propofed for making lea
“ water freih, it will be proper before ftating the
‘“ advantages of DoCtor Irving’s method, to con-
“ fider briefly the principles of diftillation in gene-
‘“ neral, and the chemical analyfis of lea water.

“ Water, in an exhaufted receiver, rifes in va-
u pour more copioufly at 1800 of Fahrenheit’s
“ thermometer, than in the open air at 212%
which may be coalidered as its boiling point.
‘ It therefore follows, that any compreflion upon
boiling fluid checks the vapour in rifing, and
confequently diminilhes the quantity of water
“ obtained. This is clearly exemplified in the

“ fteam-

[13
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“ fteam-engine, where the confumption of water

in the boiler is very inconfiderable, in compa-
“ rifon to what would happen if the compreffion
“ arifing from the throat-pipe -and valve of that
“ machine was taken offi and the preffure of the
“ atmofphere only admitted. But by the reftraint
“ of that valve, the vapour becomes hotter, and
“ inerea(es in rarity and elafticity* qualities effen-
“ tial to the purpofes of the engine, although the
“ reverfe of thofe which ought to take place in
“ common diftillation. For the columns of vapour
“ ihould be removed frofn the boiling fluid as faft as
“ they afcend, without differing any other refiftance
*than that of the atmofphere, which, in the or-
A drnary bufinefs of diftillation, cannot be prevented.

“ The impropriety of the common proceis of
¢ diftillation, will appear evident by comparing it
**with the above principles and fafts.

*In the common method of diftillation, the
“ whole column of vapour from a ftill of whatever
“ fize, after afcending to the ftill-head, muft not
“ only find its paifage through a pipe of (carce aa
*inch and half diameter ; but defcend contrary to
“ its fpecific gravity through air which is fifteen
“ times its weight, in (piral convolutions: a courfe
“  foextremely ill adapted to the progrefs of an
Melaftic vapour, that frequently the ftill-head is
*“ blown off with incredible violence, owing to the
0”3 “ increafed
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“ increafed heat and elafticity of the vapour confined
“ by this conftru&ion. In the mean time, the ex-
“ ternal furface of the pipe communicates heat to
“ the water iii contatt with it, which, inftead of

being entirely carried off, mixes with the fur-
** rounding fluid, and heats the whole, rendering
“ it unfit for condenfing the vapour within ; efpe-

cially when it is confidered that the fubftance of
“ the pipe is at leaft a quarter of an inch thick.

“ From what has been laid, it is plain, that the
“ quantity of diftilled water will be lefléned in pro-
* portion to the refiftance made to the alcent of the
“ vapour, while the difficulty of condenlatiop will
“ be greatly augmented, in confequence of the in-
“ creafed heat and elafticity of the vapour. But
“ thefe difadvantages, however great, reipe&ing
“ the mode of diftillation, give rife to another evil
Kof a ftill more important nature, as affedling the
« diftilled fluid wjth a noxious burnt or empy-
“ reuma accafioned by the vapour, highly heated
“ paffing over io much furface of metal, viz. the
till-heafl, crane-neck, and a pipe of fix or feven
¢ feet in length, before it reaches the water in the
“ worgqi tub,

“ Having diicufled the fubjefl of diftillation, we
“ come now to treat of the chemical analyfig of fea

“ water.
“ Sea-water,
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“ Sea-water contains chiefly a neutral fait, com-
“ poled of foflil alcali and marine acid. It likewife
“ contains a (alt which has magnella for its bafis,
“ and the fame acid. Thele two faits are blended
“ together in our common fait in England, which
“is prepared by quick boiling down Tea watet.
“ But when the procels is carried on by the fun, or
“a flow heat, they may bé colle/fled feparatéiy,;
“ that which has the foflil alcali for its bafis cryftal-
“ lizing flrft ; and this is'of a vaftly fuperior jquality
“ for preferving meat, and for the other culinary
“ purpofes. The mother liquor now remaining,
“ being evapprated, affords a vitriolic magnella fait,
“ which in England is manufactured in large quan-
u tities, under the name of Epforn lalt. ¢

“ Befides thefe faits, which are objeCts ¢t- trade,
“ fea-water contains a felenitic 1alt, a little true
“ Glauber’s fait, often a little nitre, and always a
“ quantity of gypfeous earth fufpended by tneans of
“ fixed air.

“ The fpecific gravity of lea-water to that of
pure diftilled-water, is at the Nore as 1000 to

ioa4,6 ; in the North fea as 1000 to 1Q28,02.

“ The quantity of fait obtained by boiling fea-
“ water in. different latitudes, from 310 30' to
80°,43 N. L. is inlerted in a table in the former part
of this Appendix.

0~4 “ Sea water,
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“ $ea-water, when boiled down to p ftrpng brine,
u admits with difficulty the feparatioaof freih water
* from it; the diftillation becoming flower as the
**ftrength of the brine increafes, fo that a greater
“ quantity of fuel isconfumed in procuring a fmaller
‘“ portion o f water, and this likewife of a bad qyur
*lity. From this eifential circumftance arites th¢
a neceffity qf letting out the brine by the cqck of
u the boiler, when the diftillation advanced tp a
“ certain degree j and of adding more fra-water to
“ continue the procefr if required.

“ The defeds of the feveral fchejmes formerly
“ propofed for rendering fea-water freih being poipt»
“ ed out, the general principles of diftillation e*r
‘ plained, and the component parts of fea-water
« analytically examined ; the advantages of the
“ method ipventcd by Dodtor Irving remain to be
“ ftated, which may be reduced to the fgllowipg :
“ i. The abolilhing all ftills, ftill bpada, worm
* pipes, and their tubs, which occupy fo muck
** fpace as to render them totally incompatible with
**the neceflary bufinds of the ihip ; and ufing in
*the room of thefe, the (hip’s kettle or boiler, to
the top whereof may occafionally be applied a
“ limpie tube, which, can be eafily made on board
a veffel at fea, of iron plate, ftove funnel, or tip
“ iheet ; fo that no fituation can prevent a Thip from
“ being completely fupplied with the means of
« diftilling fea-water.
“2. In
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21 1a confcquencft of the principles of diftilla-
tign being fully afcertained, the contrivance of
the firnpleft means of obtaining the greateft quan-

< tity of diftilled water, by making the tube fuffi-
wdently large, to receive the whole column
“ of vapour ; and placing it nearly in a horizontal
* direction to prevent any compreffion of the fluid,
“ which takes place fo much with the common
"* worm.

*3The adopting die firnpleft and moft effica-
ta cious means of condenfing vapour ; for nothing
“ more isrequired ia die diftillation but keeping the

fifurface of the tube always wet; which is done
“ by having fome foa-water at hand, and a perion
“ to dip a mop or fyab into this water, and pafs it
“ AMgng the upper furface of the tube. By this
operation the vapour contained in the tube will be
*entirely cendenfed with the greateft rapidity ima-
<t ginable ; for by the application of the wet mop
** thin fheets of water are uniformly fpread, and
mechanically preffed upon the furface of the hot
“ tube ; which being converted into vapour, make
“ way for a fucceflion of freih fheets ; and thus
wboth by the evaporation apd clofe contait of the
** cold water conftantly repeated, the heat is carried
“ off more effedtually than by any other method
yet known.
“ 4. The carrying on the diftillation without any
“ addition, a corredi chemical analyfis of fea wa-
“ ter having evinced the futility of mixing ingre-
“ diens
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**dients with it, cither to prevent an acid from
" rifing with the vapour, or to deftroy aoy bitu-
*minous oil fuppofed to exift in fea water, and to
**contaminate the diftilled water, giving it that
“ fiery unpalatable tafte infeparable (tom the former
‘ proceffes.
“ 5. The afcertaining the proper quantity of
ufea water that ought to be diftilled, whereby the
"freih water is prevented from contracting a
“ noxious impregnation of metallic faits, and the
veife] from being corroded and otherwife damaged
" by the (alts caking on the bottom of it.

“ 6. The producing a quantity of fweet and

wholcfome water, perfectly agreeable to the tafte,
*“ and fufiicient for all the purpofes of (hipping.

“ 7. The taking advantage of the dreifing the
Mhip’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 merita of this method in a few
"words:

“ The ufe of a fimple tube, of the moft eafy

“ conftruCtion, applicable to any (hip’s kettle. The
rejecting all ingredients. Afcertaining the pro-

“ portion of water to be diftilled, with every ad-
“ vantage of quality, faving of fuel, and preferva-
-wtion of boilers. The obtaining mfreih water,
" wholefome, palatable, andin diffident quantities.
“ Taking
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“ Taking advantage of the vapour which afcends in
‘ the kettle while the ihips provifions are boiling.

u All thefeadvantages are obtained by the above-
“ mentioned firnple addition to .the common ihip’s
. Kettles.. But Doftor Irving propofesto introduce
“ two further improvements

'“ The firftis a hearth, or ftove, fo conftruaed,
i’ .that.the fire which is kept up the whole day for
“ the common bufmefs of the ihip, iervps.likewife
“ for diftillation ; whereby a fofficient quantity of
S -water for all the-oecpootnicalr purpdfes o fthe ihip
may be obtained, with a very inconfiderable adr
dition to the- expence of fuel.

* # The'other- improvement i that of fobftituting,
. even in the largeftihips, caft-iron boilers, of a
new conftruétlon, in the place of coppers.”

"DIRECTIONS
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DIRECTIONS.for DISTILLING SEA-W ATER!

As loon as (éa-water is put into the boiler, the
u tube is to be fitted either into the top or.lid,
“ round which, if neccffarjr, a bit of wet linen may
< be applied, to make it fit clofe to the mouth of
“ the veffid (..there, .will be no. occafion for Juting,
**as die tube «as like a funnel in marrying offthe
“ vapour. >

f~When -dip water begins to boil, the vapour
-“ fhouid be allowed to pafefreely for a mimité,
“ which will effe&uallyclean the tube and upper
* part of the boiler. The tube is afterwards to be

kept' cohSandy wet, by pafttng a mop o~ Arab,
‘“ dipped in ifim-water, dong its upper for&ce.
* The waftc water running from the mop, may be
wcarried off by means of a board, made like a
“ Ipout, 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 lame manner

*“ while the provilions are boiling.
« When
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“ When the tube is made on ihore, 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 alfe of copper, fe much
“ larger in diameter as to admit a thin fhcet of
“ water to circulate between them, by means of a
fphal copper thread, with a pipe of an inch diar
meter at each end of the cafe ; the lower for
receiving cold water, and the upper for carrying
it off when heated.

13

(13

o«

¢

«
EN

“ When only a very faiali portionofmom can be
conveniently allowed for diftillation, the machine,
which is only twenty-feven indies long, may be
fubftituted, as was done m fois voyage. The

uprincipal intention of this machine, however, is
“ to diftil rum and other liquors; for whith purpofe
“ it has been employed with extraordinary fuccefc,
“ in preventing anmpyreuma, tafte/'

[13
(19

(19

A CCOUNT
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A cCQUNI‘Ofthe A STRONOMICAL OBSERVATION®* ,

and T 1M E-KEEPERS, by Mr. L vons.

“ *TpHE obfervations for iinding:the time at-féa,
« JL were taken with a brafs Hadley’s Sextant'*
“ of eighteen inches radius, made by.Dollond ; *
“ and ibmetames by Captain Phipps, with a imaller *
“ of four inches radius, made by Ramiden, which *
“ commonly agreed with the other within a mi-’
“ nute. The. error of the fextant was !
“ found by obferving the diameter of the Sun;'
“ which if the fame as double the femidiameter
“ iet down, in die Nautical Almanac, ihewed that
“ the inftrument was perfeéUy adjufted ; if it dif- ¢
“ fered, the difference was the error of the léxtant. '
“ It was neceliary to know this error of adjuftmenc'
“ very exactly, and therefore I generally, repeated *
‘“ the obfervation of the Sun’s diameter léverai
“ times, and from the mean of the refiilt foUnd
“ the error of the ibxtant. This error will equally
“ affeft all the obfervations taken near the fame
“ time, and therefore cannot be difcovered from
“ the companion of feveral obfervations. Under
‘“ the equator, an error of one minute in altitude,
“ near the prime vertical, will only produce an er-
“ ror of four féconds in the apparent time ; but in
“ the latitude of eighty degrees it will caufe an

“ error of twenty-three féconds. As we generally
“ took
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took léverai fuccefliveobfervations, .any error in
the obleérvation itfdf will be generally indepen-
“ dent of the reft ; and.as I have calculated each
feparately, the conclufions will ihew. which are
erroneous, by their differing much from the
mean of all, which cannot but be very near the-
“ truth.

“ In calculating thefe obfervations, I found by

the logboard how much we had altered our la-
“ titude fince the laft obfervation ; and fometimes,
when we had an obfervation the noon following
“ the obfervation for the time, the latitude of the.
ihip at the time the altitudes were taken was in-
“ ferred from it. As moft of our altitudes were.
** obferved when the fun was near the prime ver-
“ tical, a fmall error in the latitude will not pro-
** duce any confiderable change in thé time; in-

“ deed, if it is exactly in the prime vertical, it

“ will not make any change at all.

“ To find the Longitude from thefe obfervati-
ons : to the apparent time found 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 lhew. how much it is too flow or too faft for

“ mean time.. :

“ Captain
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“ Captain Phipps’s pocket watch, made by Mr.

** Arnold, when compared with the regulhtor at

“ Greenwich, May a6th, was twenty-four féconds

“ too flow iit was there found to Iole twelve fe
cdnds and a quarter a day on mean tinaé  Frofii

“ this it is eafy to find What time it iS ait GretenWitih

“ at any moment ihewn by the watch.

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

“ By the help of this table, we may eafily find
“ the longitude of the ihip, afc deduced from the
*going of each time-keeper. Having found how
i( much the watch is too fail or too flow for mean
“ time at the ihip, we know what the mean time
is at the ihip when the watch is.at twelvé hours;
and by the table we can find what is the mean
time at Greenwich at the fame time, fuppofing
each time-keepef had kept the fame rate of go-
ing as it had before our departure : the difference
of thefe mean times will give the longitude of the

ihip. « For

3

3

3
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*For example, June 19th, in the afternoon,

“ the watch »na 1* »4" to® flow for mean time at
u the place where* we obferved} therefore, when
Kthe watch (hewa twelve hours, the mean time
* at this place was lah *' 34.". At this time 1 find
by the table, that according to Kendal’s time-
**keeper, the mean time at Greenwich was r2%
* a' 7": fron» this fubtrading n»n h I' 24", the
** mean tinte at the (hip, the remainder, o' 43" is
*fehe difference of meridiana ; which, converted

[13

into parts of a degree, gives 0° io' 45" for the

“ longitude o f the (hip according to Kendai, which
is to the Weftward, becaufe the meaa time at

“ the ihip is lets than that at Greenwich.

3

*When we were on ihore, the obfervatioHS

* were made with »a Agronomical Quadrant, ,di-
“ vided by Mr»Rarafdcn, of eighteen inches ra-
* dins, which was placed on a fodid rock of mar-*
**bk i «be error of die line of collimation was
** found by inverting the jquadrant, which was ad-
4jufted by a fpirit level. The weather ,did not
* pomnit us to -take corresponding altitudes of the
4% 8n, fo that we determined the apparent time
M by computation from altitudes of the Sun’ limb;
» having before fettled the latitude of the place

uof obfervation,*from meridian altitudes of the

MSun** limbs taken with the fame iailrument.

R “ The
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“ The Latitudes of the fhip were determined
“ moil commonly by the meridian altitude of the
“ Sun’s lower limb ; in a few inflances, by that of
** his upper limb, when the lower was not di-
“ Hindi, or was hid by clouds. The height of the
“ eye above the level of the fea, in all thefe obfer-
¢ vations, was fixteen feet. When we could not
“ get a meridian obfervation, we made ufe of the
‘ method defcribed in the Nautical Almanac for

«

“ 1771, from two altitudes taken about noon, and

o

¢ at a little difiance from it.

“ It ibmetimes happens that we can only take
“ feme 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 fail or too flow for
¢ apparent time ; and confequently, how much the

«

**time when the altitudes were taken, is diftant
* from noon ; it therefore remains to find how
“ much thefe altitudes are different from the me-
“ ridian altitude. This may eaiily be found by
“ the following Rule :

“ To the logarithm of the rifing, taken outof the
“ tables in the Nautical Almanac for 1771, add the
“ complement arithmetical of the logarithmic co-
“ fine of the fuppofed meridian altitude from the
“ fum (the index being increafed by five) fubtradl
**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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u There were two time keepers fent out for triai
** by the Board of Longitude ; one made by Mr.
* Kendal after Mr. Harrilon’s principles; the other,
“ by Mr. Arnold ; this laft was fufpended in gim-
“ mals, but Mr. Kendal’s was laid between two
 cufhions which quite filled up the box. They
“ were both kept in boxes icrcwed down to the
“ (helves of the cabin, and had each three locks;
“ the key of one of which was kept by the cap-
“ tain, of another by the firft lieutenant, and of
“ the third by my/elf; they were wound up each
“ day (bon after noon, and' compared with each
*other and with Captain Phipps’s watch. They
** flopped twice in the voyage, owing to their being
**run down ; they were iet a-going again, and as
“ they had been daily compared together, it was
“ ealy to know how long each had flopped, from
“ the others that weredftill going ; this time is al-
“ lowed for in the table of the mean time at Green-
“ wich by each time-keeper.
* When we were on ihore at the ifland where
we obferved July 15th, we found how much the
“ watch was too flow for mean time. When we re-
“ turned from the ice to Smeerenberg, and again
 compared the watch with the mean time, allow-
“ ing the lame difference of longitude between the
“ ifland and Smeerenberg, we found that it went
“ very nearly at the lame rate, as it did when tried
‘ at Greenwich : fo that its rate of going was nearly
« the lame in our run from England to the ifland,
“ from
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from thence to the ice and back again to Smeeren-

“ berg, and in our voyage from thence toEngland, as

“ we found on our return. By this means we were in-

“ duced to give the preference to the watch, and

“eto conclude that the longitude found by it was
“ not very different from the truth.

“ The principles on which this watch is con-
“ ftruCted, as I am informed by the maker, Mr.
“ Arnold, are thele : the balance is unconnected
“ with the wheel-work, except at the time it re-
“ ceives the impulfe to make it continue its mo-
“ tion, which is only while it vibrates io° out of
“ 380q which is the whole vibration; and during
*this fmall interval it has little or no friction, but
“ what is on the piyots, 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 construction go whilft they
¢ are wound up ; they keep the lime rate of going
“ in every pofition, and are not affeCted by the dif-
* ferent forces of the fpring: the compenfation
“ for heat and cold is ablblutely adjultable.

“ Time-keepers of this fize are more convenient
‘ than larger, on ieversi accounts ; they are equally
‘ portable with a pocket watch, and by being kept
“ nearly in the lame degree of heat, fuffer very
“ little or no change from the viciffitudes of the
“ weather.

R 4 “ This
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#This watch was exceedingly Ufeful td Ui id
Hour obférvations oh land, ae the other time-keep-
# ers could not fifely be moved : and indeed, id
44 the prefent voyage* where they were on trial, it
4 was contrary to the intent for which they wife
4put on board, and might have been attended
4 with accidents by which the rate of their going
4 might have been greatly affée&ed.

4 The longitudes by Mr. Arnold’s larger time-
4 keeper are very different from thofe by the
4 watcli in our voyage back from Spitfbergen to
4 England ; owing, probably, to the baterice-fpring
4 being rulled, as we found when it was opened &t
4 the Royal Obfervatory at Greenwich-, on our
* return.

4 The longitudes found by the Moon are déi-
4 duced from diflances of the Moon from the Sun’s
4 limbs, or from Stars, taken with the féittmt;
4 whilil the altitudes 6f the Moon and SUA, or
. 44 Star, were raken by two other oblérvers.

44 In one inflancé (June 26th) the obferva'tions
4 were all made by Captain Phipps with the fmall
44 fextant fucceffively ; and the altitudes of the
44 Moon and Sun at the very inftant the diflances
4 were obferved, are dednced from the changes
4 in thefe altitudes during the interval of obferva-
44 tion.
441 have

oisnzes ny GOOEIE



A PPENDIX. 22t

o' flar«calculated the longitude from each let
#of observations feparately, to (hew how near
** they agree with each other» and what degree
“ of pveeifioa one may expeit in fimilar cafes.

“ Obfervations of the diftances of the Moon and
1l Sun, or Stars, may be ufeful to inform us if the
“ time-keepers have fuffered any confiderable
“ change in their rate of going. For if the longi-
“ tude deduced from the moon differs above two
“ degrees from that found by the watches, it is
“ reafonable to imagine, that .this difference is
“ owing to feme fauk in the watch, as the longi-
“ tude found by lunar obfervations can hardly vary
" this quantity from the truth: but if the diflfer-
“ ence is much lefs, as about half a degree, Kk is
“ more probable that the watch is right, fioce a

frnall error in the diftance will produce this dif-
“ ference.

“ The diftances of the Moon fromJupiter were
w obferved, becaufe Jupiter is a very bright objeft ;
“ and the obfervations are eafier and lefs fallacious,
** particularly that of the altitude, than thofe of
4 a fixed (lar, whofe light is much fainter. This
** method, however, requires a different form of
** calculation, from thatof the obferved diftance of
“ the Moon from a fixed ftar, whofe diftances are
* Computed for every three hoars, in the Nautical
* Almanac. The principal difficuly in the calcu-

nlation is to find the Moon’s longitude from the ob-
4 fervation
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222 A PPEND'! X.

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

«PROBLEM.

« Having given the diftance of two objeéts near
“ ecliptic, with their latitudes, to find their dif-

“ ference of longitude.

« SOLUTTION.

“ Find an arc A, whofe logarithmic fine is the
« film of the logarithms of the fines of the
« two latitudes and the logarithmic tangent of
« half the diftance, rejecting twenty from the in-
« dex of the fura.

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

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

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

. “EXAMPLE.

2

oisnzes ny GOOEIE



=r s & T goWO w Jeox=E @
e~ \ - - . p— o— "
Pw £gam&5nﬂm T o N L gm0 Vﬂ.aﬁrs" > 00
= T A 1. - 4! - i o | 0 = 1
Fusyan O. C. s oo VScflo {0 :~ ocwm —- e
SR em, ot e “nGO\./ eJS@,SuSI I g m N Doy v
_vl.duoHOSVB &H£E%«W OM* 012& .E).&H_y w& Qe 7m52 v 9

=7 Seo o, aSSbﬂo.ﬂb i oz Z2 2. =i

W= (\Owo«

= Y,
b««g Q @9 nm.'z. Al s H

= )
8 AR gvyg 8, °

¥
w2

'5 55
mv»V

“ mc %S 3@ ID.C dv% TS B
= = nrﬂ-u 6§SOMA\/ A£V~

& < v¥ "

o o N =

g -S
'S 73
1T «

B «
«

f

onzes vy GOOEIE



a*4 APPENDIX,

A Table (hewing what the Mean Time is at Green-
wich, by each Time-keeper, when the Pocket-
Watch made by Arnold is at i2h

Day of the Amold Kendall, Wafel:i*
Nbnth.
a u k 1 // k / a
Jtsae 2 2 o =8 u 56 2 14
3 12 1 E1 12 5(9) *4 12 2 3
4 2 1 16 12 0 25 2 2 45
s 2 13 1 o4 1 2 2
6 2 1 2 0 55 2 2 39
7 2 2 6 2 1 10 2 2 &
8 2 2 8 2 1 10 2 3 4
9 2 1 &% 12 53 2 3 16
io 2 2 53 2 1 5 2 3 28
ti 2 2 1 12 1 28 2 3 40
# va 2 2 16 2 i 34 2 3 53
3 122 4 12 28 12 4 5
wd M 2 0 12 1 34 2 4 =
>5 2 2 16 2 i 48 w2 4 2
»6 12 1 59 12 1 >2 4 42
#1202 e 2 1 4,4 12 4 s
48 2 2 5 2 15 1 5 6
EB 2 2 *é 2 2 77 2 5 18
2 2 1z 2 3 2 5 3
2> 12 I-57 2 2 5 2 5 43
2 1 14 2 2 3 = 55
#3121 3 R 13 6 s
24 2 1 2 1 39 2 6 20
25 2 O 24 2 1 »7] 12 6 3a
26 1 59 5, 12 59 12 6 44
27 M 59 44 2 1 4 2 6 57
28 11 59 26 2 i 12 7 9
29 I 5 11 2 1 ;3 2 7 21
o Il 53 55 12 59 12 7 3=«
July i 1 sg i§ 2 1 7 12 7 46
2 1 s 2 1100 1 7
3 11 5 20 12 % 21 115 g iﬁ
4 U * 31 *3
5 1 3 i B 39 128 35
P higg BLE BAE
57 mi
8 57 26 2 2 1509 12 o i%

A 1able
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A P P ENDTIX.

A Table (hewing what the Mean Time is at Green*
wich, by each Time-keeper, when the Pocket*
Watch made by Arnold is at ia)\

Day of the Arnold Kendal. Watch. ~
Month.
* 1 v h 7 q 7 v
July 9 « 57 20 It 2 35 12 9 24
io H 56 39 2 2 12 9 36
1f Ho56 47 22 45 12 9 49
12 u 56 *5 2 2 g5 12 io 1
>3 H 56 3 12 2 353 12 10 3
»h u 55 33 122 g4 12 10 5
i L. S 12 10 38
16 I ss 20 12 2 34 12 10 35,
*7 I *» g 2 2 3 ts 11 2
18 il 54 56 12 3 18 12 14
*9 u >4 21 12 3 22 12 n 27
20 w54 i 12 3 3, 12 ti 39
21 u 83 39 123 59 2 1 g
22 u S35 12 4 18 M 12 4
23 it s+ 50 12 4 3, 14 12 16
*4 u s6 '] 12 4 47 12 12 28
*5 II S1 48 12 5 9 12 12 40
26 11 5% 10 12 5 16 r 12 53
27 il $0 34 2 5 9% 12 13 5
28 u 59 2 5 a8 i2 13 17
29 = 31 2 6 12 12 #3 29
30 ml 48 457 12 6 40 12 1IJ 4a
31 .11 48 9 12 6 5a 12 >3 54
Aug. 1 1 47 *4 2 7 0 12 *4 6
2 11 46 34 12 7 12 12 14 19
3 11 45 so 12 7 32 12 14 31
4 « 4+ 39 12 7 12 14 43
. U 43 43 12 7 i« 12 14 35
6 11 3 127 31 12 *5 8
12 u 58 7
13 n 56
" 1 55 16 12 5 21 12 16 45
1>2 ir 54 3 12 5 38 1216 o4
u  5i 46 iz ;3 12 1o
17 u 5127 5 12 6 153 12 iZ
18 oS0 .8 12, -
19 11 48 41 12 6 >8 12 %7 47
A Table
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ta* A PP ENDTIX

A iabte lhewing what the Mean Time is at Green-
wich, by each Time-keeper, when the Pocket

W atch made by Arnold is at 12",

Day of the Arnold. Kendal. Wacch.
Month. . 1

ho [ n ¢ @ /* N
Aug. ao It 47 7 12 6 5« 12 18 [0
21 1 45 23 12 6 58 12 18 12

22 it 43 34 12 6 47 12 18 24

23 41 51 12 6 55 12 18 36

*4 11 39 51 12 6 s 12 18 49

*5 I 37 56 12 6 12 9 i

26 H 35 56 126 12 19 13

H 34 7 12 7 15 12 19 25

ﬁé 18] 32 w7 12 7 3 12 19 38

29 U 30 *7 12 7 32 12 49 59

30 11 28 9 12 7 43 12 20 2

31 n 26 =4 12 7 57 12 20 15
Sept. i IT o4 5 12 8 n 12 20 27
2 n 21 46 2 8 3 12 20 39

3 11 %9 43 12 8 33 1220 g

4 I *7 29 12 8 g3 12 21 . 4

5 I *4 59 12 9 4 12 21 16

6 11 12 22 12 9 22 12 21 28

7 U 9 3g 12 9 22 12 21 40

9 IT 3 53 12 9 44 12 22 5

11 10 57 16 12 9 46 12 22 3

13 10 so 45 1210 16 1222 54

>4 10 35 0 12 10 33 12 23 6

1$ 10 42 31 12 10 47 1223 19

16 io 39 35 12w 4 12 23 31

17 10 35 59 2 v 3 12 23 43
18 10 31 53 12 11 47 12 23 56

*Q 10# 57 11 12 11 52 12 24 8
20 10 23 0 12 12 #§ 12 24 20
21 10 18 38 12 12 40 12 24 32
23 o 8 54 12 13 39 1224 57
24 10 4 *3 12 14 10 12 25 9

*5 9 5, 52 12 #4 37 12 25 21
26 9 53 54 12 14 59 12 25 34
27 9 48 8 12 15 35 12 25 46

Obfervation™
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Obfervations far finding the Longitude ly the Time-keepers.
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