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THOMAS TRUXTON, Esg.

COMMANDER

oF THR

American Srigate

CONSTELLATION:

el § oo

Dear Sir,

THE experiments which induced me to
believe that the thermometer might become
a valuable nautical inftrument to difcover
foundings having been firft made on board
of a thip under your.command, the follow=
ing performances have a natural claim to
your patronage; and if the propofed me-
thod fhould be pracifed on board of the
_ Conftellation, your example would doubtlefs
flimulate other navigators, and bring it into

general ufe,
‘ The



fv

The public voice, for obvious reafons,
point you out as a charaéter to whom Ame-
rican Improvements in Navigation ought to
be dedicated ; and I am prompted by per-
fonal confiderations to embrace this oppor-
tunity of teftifying the high fenfe I entertain
of your patrlotlfm, fpmt and talents ; as a
firm friend to your country, a gallant offi-
cer, and fkilful navigator.

Iam with great regard,
Dcar Sir,
Your fincere friend and
Qbedient fervant,

JONATHAN WILLIAMS,

VHILADELPRIA; dugust 1, 1799

INTRODUCTION.



The ﬁllmx’ng corredlions, which materially affed the fenfe,
Should be made before reading.

Introdudlion, p. vii, line 1, after the words ¢ taveloe bours fafe run”
add, ¢ from the Chefapeak northwards——fouthwards, the diltunce of
«« [pundings leflens in proportion as the ftream runs nearer to the coaft.”

Introduction, p. ix, line 1, inftead of *¢ the influence of the fun,
. ée dimited 3 and a5 it penetrates, &e.” read, ¢ the influence of
« the fun, &c. appears to be linnited; for as it penetrates, &e.™?

Introdudtion, p. X, line 2, inftead of ‘¢ af 32, and myf net that be
®ice? ready © brfow 32, and eury not that be iced”  Sce nete E.

.
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INTRODUCTION.

']?HE following memoirs may be little known where
they originated, owing perhaps to their appearing
among a nuinber of tranfadtions which form a volume
too b’ulky to be in many hands.  One of them however
has ,1}5(1,’5?.“‘“ fuccefs in Europe, having been favora-
bly received in Englan.d,' and tranflated at Peterfburg
a?d M;\ld’rid’ into the Ruflian and Spanifh languages;
The li{tf?r f?ixb{féfation was preceded by a report made
by t;lif:”Diré&or of the Marine Academics in Spain, a

tranflation of which is hercto fubjoined.

H‘Th‘c' prefent refpetable ftate of the American Navy,
both warlike and commercial, induces the author to
publift what lie has written on this fubjec, together
with the concurrent teftimony of others, in one point

‘ of



vi INTRODUCTION.

of view, in hopes that it will be found, on experience,
that our coaft may be approached with confidence al-
though foundings cannot be obtained, nor the land be
feen; and, confequently, that errors in reckoning,
may be corre@ed before danger is near; when (owing
to tempeftuous weather) it may be impoﬁiblc to heave
the lead, or obferve the heavenly bodies. The ufe of
the thermometer in navigation, bccomes doubly im-
portant, when it is confidered that the courfe towards
America is generally weltward; fo that the corrections
of latitude by obfervation do not determine the diftance
a fhip has to run; and lunar obfervations arc too diffi-
cnltto be generally underftood, evenif the moon could

be always {een,

Every n;xarinc}, when near the coaft, feels the ime
portance of fpeaking a fhip from the place to which he
is bound; that he may corrcét the longitude of a long
reckoning ; by that of a very fhort one, which cannot
be materially wrong if wellkept; by this he is cnabled
to judge of the bearings and diftances of the Jand, afld\ t:c} ,
fhape his courfe accordingly.  "This is exatly the officé’
the thermometer performs; for it declares by a fudden
fall of the mercury, the time when the fhip comes into
the water between the Gulph Stream and the coaft, and,
by a further fall, it declares the time when fhe comes
within foundings, In this fituation there is, generally,

twelve
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twelve hours fafe run; fo that inftead of ftanding off for
fear of being too ncar in the night, the navigation may
be purfued as fafely as if the lead could be kept going,
with the land in view. In the feveral inftances men-
tioned, of fhips being a-head of their reckonings, they
ought not to be underftood as implying any reproach
to the Captains 3 for in failing along the eddy of the
Gulph Stream, or in any other current, in an eaft or
weft dire€ion, no navigator can cxpedt to be accurate
by dead reckonings; fince currents can not be afcertained
in the ufual way, unlefs the fea be {mooth, and that
rarely happens. 'The Captaing mentioned in the courfe
of the following obfervations were {kilful navigators,
and prudent men ; but the more liable the beft calcu-
lators are to err, the morc ought we to valuc any dif-
covery which tends to determine the diftance of dan-

ger, before a (hip‘is too nedr to avoid it.

ES

It has been intimated in one of the following me~
moirs, that the caufe of this‘ difference in the heat of
ocean and coaft water, may arife from the conduéting
péwer of rocks, &c. under water.  As the fubjet is
now refumed, it may not be amifs to add fome reflec-
tions on_the fubftance of that part of the globe, which
forms the bottom of the fea.

We are only acquainted with the (hell, the merc
{carf-fkin of the earth, and the fea appears to all hu-

man
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man efforts fathomlefs ; for it is very probable that
after founding to a certain depth, the .line floats the
Jead.  This fuppofition may ferve to explain a pheno-
anenon mentioned by Captain Ellisy and related by Don
‘Cipriano Vimercati, in ithe ahnexed report. = After
,founding to.the depth of 3900 fect, Captain Lilis found
his thermometer to.mark §3° and when he had 5346
feet of line out, it marked the fame degree: Is it not
likely that §346 feet of line, -(to which the water mult
offer fome refiftance in its defcent) would overcome the
weight of the lead ? Befides, Is it not reafonable to
fuppofe that water at a great depth is more denfe than
at the furface, and confequently more buoyant? For
although water is underflood to be incompreflible by
the weak means in our power, it.cannot be fo confidered
by the natural laws of gravity.” In this cafe the fea guage
might be carried horizontally, draw out more line, and

be always in the fame temperature.

As far as we have gone by digging, and as far as we
have been uble to penetrate into caverns, the tempera-
ture is neither more nor lefsthan 52 or g3, varying only
as the inftruments may be fuppofed to differ from each
other. This is the ftate of the thermometer under
the obflcrvatory at Paris, and in the fubterrancous places
that have been examined in this country. This is not
the cafe in thofe places at feagwhere bottom can be reach-

ed with a lead. "The water at the {urface over the banks

of
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of Newfoundlind, is known by experiment to be 47" in
*fummer; and it is alfo known by experiment in fum-
mer, that at the depth of only 46 fathoms the entrails
of 2 Cod fith is at} 37° and 16° colder than the water at
the furface.

From analogy, then, it fcems, that the banks of
Newfoundland, at the bottom, may be confidered nearly
as cold asice.  But let us fuppofe a depth many times
farther than ever was reached with a lead, and that the
banks, defcend below their fummit, ag far as terref-
tial mountains rife above their bafe; why may not this
bottom be ice 7 Water in its natural {tate is ice, and
every thing that can be made Jiquid, by the communi-
cation of heat, will return to its flate of folidity, by the
privation of it; hence it has been found by circumnavi-
gators, that the Polos are inacceflible on account of their
perpetual congellations fo it is found at the top of the
highelt mountains, where heat cannot be generated by
the reverberation of the fun’s 'rays, that the earth is ina

fate of perpetual congellation.

The influence of the fun on the furface of the Globe,
as we have already feen, is limited; and as it pene-
trates into the matter of the Globe, it grows weaker and
weaker.  May we not then fuppofe a depth where it

B it

* gee thesannexed chart,
4 See appendix, Noo s,
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muft ceafe? If o, is it unreafonable to fuppofe a depth
where the fea would be at 32°7 and mufl not that be
ice? why, it may be afked, is the temperature of the
earth and fea, out of foundings, fo uniform at a certain
depth, both being permanently 53°? As to the earth fuch
as the furface gencrally is, it may be anfwered, that it is
not a very ready conduétor of heat ; and thercfore, may
retain the heat at a certain depth, beyond which human
efforts cannot reach, and which is comparatively, only
tkin deep.  As to the feaj heated water is'lighter than
cold, and heat thereforc communicates downwards but
flowly; though as water is a better conductor than com-
mon carth, it may go to a greater depth; but as it grows
gradually weaker, it muft fomewhere ceafe in the fa-
thomlefs ocean. This is not the cafe in foundings, for
on the fuppoflition that the banks and rocks are feated
on the central matter of the Globe, which may be fup-
pofed to be at Jeaft as cold as ice, we have a complete
condutor continually robbing the circumjacent water of
its heat. Rocks and fand, it will be remembered, are
powerful condultors of heat; more fo than water, and
much more fo than carth, commonly fo called, hence it
is always found, that after coming within banks, head
lands, capes &e. (where there ts generally a muddy bot-
tom,) the water is always warmer than on the outfide of
abar, This does not affect the principle of thermome-
trical navigation, as the land in fuch cafes is generally in

fight,
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fight, and il not, the navigator, by previous obfervation,
muft know where he is: It is on the contrary a corro-
boraiing proof of the accliracy of a reckoning; for rhis
infide muddy bottom will be expected after gaining the
coaft.

Much has been written about fubterrancous fires,
which nppafcmly contradi€ the hypotlicfis here at-
tempted; “but from all we know of them, they may
be feated much higher than the banks of the ocean.
Thefe fires may be confidered as the effe&t of a che«
mical combination in Nature’s laboratory ; and until the
combination takes place, the combuftible matter may
be cold. It is cafy to conceive that powder may be
made as cold as flint and fteel can be, though it only
requires collifion ta produce a fpark, and a fpark to pro-
duce an cxplofion; and whe does not know, that very
cold quick lime, mixed with very cold water, would
foon produce a very hot fubftance.  Whenever there~
fore, fuch combinations happen, an earthquake, oran
irruption muft follow ; for firc in an adlive ftate cannot
be confined; and untilit becomes altive, the heat will
not be generated.  May we not therefore conclude, that
the exiftence of fuch matters as produce fubterrancous
fire, is not incompatible with the conjeGure that the
bottom of the feais ice.  Is not Hecla a burning moun.

tain, andis it not in Iccland ?

The
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The foregoing obfervations have been written with
fentiments of great deference and refpet for the opini-
ons of many learned men, which they apparently con-
tradi¢t; but as many of thefe opinions are diametrically
oppofite to each other, the ficld of conje&ture is ftill
open: Itis a common foil, which every one has an
equal right to cultivate, and the writer has entered it
with diffidence, He ‘afks the reader’s indfdgence and
candour for whatever e cannot approve, but he makes
no claim to his belief, till it fhall be juftified by time and

experience.

JONATHAN WILLIAMS.



EXTRACT

FROM THE

MARITIME OBSERVATIONS

DOCTOR FRANKLIN,
Relative to the GuLrH STREAM—Publifbed in the fecond
Voluine of the AMERICAN PHILOSOPHICAL TRANSACe
TIoNs. Page 315, ‘ '

Dated at Sea, on board the London Packet, Capt. Truxton, Auguft 1795,

e gy

THIS {tream is probably generated by the great ac-
cumulation of water on the eaftern coaft of America
between the tropics, by the trade winds which con-
ftantly blow there.  Iris known that a large picce of
water ten miles broad and generally only three feet
deep, has by o ftrong wind had its waters driven to
one fide and fuftained fo as to become fix feet deep,
while the windward fide was laid dry. ~ This may
give fome idea of the quantity heaped up on the Ame-
tican coaft, and the reafon of its'running down in a

{trong
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ftrong current through the iflands into the bay of Mex-
ico, and from thence iffuing through the gulph of Tlp-
rida, and proceeding along the coaft to the banks of
Newfoundland, where it turns off towards and runs
down through the Weftern iflands. Having fince crofl-
ed this ftream feveral times in pamng between America
and Europe, I have been attentive to fundry circum-
ftances relating to it, by which to know when one is
inity and befides the gu]ph wéed with which it is in-
tcri’n\::‘fedi T ind that it is alvmys warmet than the foa
on each fide of it, and that it does not fparkle in the
night : Tannex hereto the obfervations madc with the
thermomttcr in two voyagcs, ‘and po(ﬁb]y nmy add a
third* Tt will appear from them, that the thermome-
ter may be an ufcful inftrument to a mnavigator, fince
currents coming from the 'northward into fouthern feas,
will probably be found colder than the watcr of thofe
feas, as the currents from fouthern feas into northern
are found warmer.  And it' i3 ‘ot to be wondered that
fo valt a bady of deep warm watcry feveral leagues
widc, coming from betwcen the tropics and iffuing out
of the gulph into the northern feas, fhould retain its
warmth longer than the twenty or thirty days required
to its palling the banks of Newfoundland.  The quan-
tity is too gfcat_, and it is too deep to be fuddenly cooled
By imﬂing under a cooler air. The air immediately
\ ovey

¥ This is the Journal of the voyage hereto fubjoined.
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over it, howcver may reccive fo much warmth from it as
to be rarified and rife, being rendered lighter than the
air on each fide of the ftream; Lience thofe airs muft
flow in to fupply the place of the rifing warm air, and
meeting with each other, form thofe tornados and wa-
ter-fpouts frequently met with, and feen near and over
the ftyeam ; and as the vapour from a cﬁp of tea in a
warm room, and the breath of an animal in the fame
room, are hardly vifible, but become fenfible immedi-
ately when out in the cold air, fo the vapour from the
gulph ftream, -in warm latitudes is fearcely vifible, but
when it comes into the cool air from Newfoundland,

it is condenfed into the fogs, for which thofe parts are
fo remarkable.

The power of wind to raife water above its common

- level in the fea, is known to us in America, by the high
tides occafioned inall our fea-ports when a ftrong north-

cafter blows againft the gulph fiream.

The conclufion from thefe remarks is, that a veflel
from Europe to North-America may fhorten her paffage
by avoiding to flem the ftream, in which the thermo-
meter will be very ufeful; and n\vcﬂ'cl from America
to Europe may'do the fume by the fame means of keep-
mg init. It may have often happened accidentally,
that voyages have been fhortened by thefe circumftan-

ces. It is well to have the command of them.

Oblervations
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Olfercations of the cwarmih of the fea-ewater, Sc. by Farenbeit's thermometer, in croffing the Guiph Stream 3 with other remarks

made on board the Pennfylvania Packet, Capt. Qfborn, bound from London to Philadelphia, in April and May, 177 5. ®
Ty Tt
So S s 5 3
Date. - E—é &3 o ‘53 é 'g g 3 Rémarks.
g =2 |23 & g 1€ % g
= i - = 0 B =
Apri] 10 62 -
I 61
12 64
13 6s :
R ¥ 3 . 65 L] o 5
26 60 70 37 39 | 6o 38 Much gulph weed : fawa whale. =
22 6o 70 SSE Wtks 37 13 2 39 Colour of water changed. >
23 8A.M. <0 61 S W WNW 37 48 63 35 No guiph weed.
— 6P, M, 67 6o ’ 34 . . Sounded, no bottom. ~
29 8a.M. 63 71 N v 44 37 261 66 o Moauch light in the water laft night. —
_— sP.M, 65 72 N E Water again of the ofual deep -
- 11 dits 66 66 NWbLHN Wb S} 57 fea colour, little or nolight in —
3o 8A.M. 63 |. 50 NE WbHN | 69 “itat night.
— 13 62 70 EbS 24| 37 20 63 53 Frequent gulph weed, water con- =2
_— &6 P.M. 64 72 ESE WHN | a3 % tinuesof fea colour, little light. =i
—_— 10 dit, .13 65 S 23 Much light,
May 2 7AM. 68 63 60 Much light all laft night.
—_ 1z 65 | 36 SSW WNWYs4] 38 13 5% 23 Colour of water changed.
—_ 4P.M. 61 | 56 WbHN | 21 . . .
—_— 10 dit. 63 57 SW -} WRNWI 31 : Much hight.
2 8A M. 62 53 . 13 3% 43.1 74 3 Much Light, Thunder-guft.
— p a2 6o 53 Wiw NW 18 : i
~176PM. | 62 | 33 | NW wsw | 1s
- | 30 dit. 63 35 NbHW WbN | 1o
3 7A.M. 6z 34 130 38 30 75 ©
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Olfervevions of the warmth of the fea-water, Ee. by Fabrenbeit’s Thermometer ; with other remarks made onboard the

Reprifal, Captain Wycks, bound

from Philadelphia to France,

in Ofober and November, 1776.

3 : \6: . ’E = . o O‘ 4 3
Date % E. %E ’E:'é"‘ .2‘ § 2 ‘g 5 £ t : Remarks,
ol L - B S A 3 S i
0&o.31 10 76 70 SSE EbsS 35| 38 12 70 301 Left the capes Tharfday
— : 71 - night, O&ober 29, 1776.
Nov. 1 10 28 WSWwW EIN 129 | No ob, 68 12,
-— 4 71 81
2 8 71 75 N
— 12 78 141 | ditto, 65 23
- 4 | 67 76 Some fparks in the water.
3 8 76 NW ESELZE . thefe two laft nights,.
_— I 76 EbS 60| 37 o© 63 7
— 4 70 | 36
4 9 68 76 Ditto.
—_ 1 76 164 | 36 26 58 8 |
—_ 4 68 76
_ 8 78
5 8 62 76 NE Ditte.
— | 12 70 | 78 1631 35 21 | X5 3
—_— 4 7
-_— 8 75
6 8 56 Eb N S 50E ‘
— | 12 7 751 35 33 | 53 53
7 2 8 1 SEbBE | Niow -
— 12 77 1081 36 6 52 46
- 4 77 '
8 9 75 77 ShHE NyE
— | 77 1i75) 8 =2 50 2
- 4 77
9 9 75 77
- 12 7. 701l SW N E 175 46 55

39 3y

(CARRLED OVER.)
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Oifervations

of the ewarmeh of the fea-water, €c. by Fabrenkeif's Thermometer 5 with other remarks mad: on board tb#
Rzpr ifal, Ct.?.am Wycks, bound from Pbiladelphia to France, in O8ober and November, 1776.

{CONTINUED FROM THE PRECEDING PAGE.)

L% [ .- < .
L S 3E ] = S 3 & B
Date, § = § S. ( g‘é ES 8 5 5 ] &0 Remarks.
Zd fox PO I B Z S 2 K S
Nov. 9 4 ;X
10 8 i 68 } P -
— 12 64 E Ni1yE 841 40 39 46 27
ir |- 8 [ . 83 , ;
—_ 13 ; 61 SE NSE S 4L 41 19 46 19
I2 8 ; 56 %9 ; :
—_— 4 I 69 NNW | NBE 1mof 41 39 | 43 42
b 1 alifday 63 E S 82E . 69| 41 29 42 10
I3 8 70 79 N4 E III{ 4% o© 39 57.
-—_ Noon 72 ESE - : .
— 4 71
15 8 6 | 69 ‘ ,
- Noen 63 WSW{ NjkE 18! 43 3} 335 st
—_ 4 67
16 Noon} 63 67 SwW Nésw 481 43 22 32 so
_— 4 63 :
7 8 63 | ESE NiE | 56} 44 15 | .34 25,
18 alliday 63 StwW N7sE | 310 45 6 } 29 43 Some gulph weed.
19 Noon| 63 64 SW N&%E 2381 45 46 24 2
20 8 . 62 N S%%E 1551 45 19 20 30
e 4 60 : .
21 9 6a S NSE3E o4 | 45 22 13 17
22 1o 6o 62 SSW S 8 E 133} 45 19 15 19
23 Noon 61 WSsw S.8E 194 45 6 10 3§
24 do. (o NNE N4 E 191 45 46 6 10
25 do. 6o NE S 56 E 1251 45 4 3 23 .
26 do. | 56 | 6o E N3 E 31) 45 13 % 20
27 do. 58 Soundings off Bellifle,
a8 do. 34 56 ) i

(=28
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1785. A Journal of a Foyage frem the Channel between France and England, towards America..

F . Therm. A.M. {Therm. P. M. : y Wariat h Z
Latit. N. | Long. W. Winds. | Comrfe. | Dift. |/ SF100 2 =
. Air. JWater.j Air. [Water.{ e INeedle. $
’ . e
o
62 | 57 Tbefe are taken om ax average og
62 | 58 | 63 | =8 _ of 24 bours. - o]
» 6o 58 62 62 - : Miles.}  West. afl =
49 1§ 4 1% 63 63 6o 64 Eaft Swiw 6o 22° o 85l o
43 28 g 38 64 64 64 4 63  ESE WhSLS | 174 za
47 o | 32 13 | 6o | 67 omitted. | NE 5WbWw | 160 sg| B
i5 © 15 43 66 | 66 do. ; 66 | NWbW] SWIW | g 28} W
43 5 17 28 67 65 65 68 | NE SWbHS 131 20 o -8 4
41 3 19 44 70 | 63 71 69 | NE SwWis 166" 1 16 30 g
38 43 f 21 34 70 70 68 0 | NE S5 Wiw| 165 I 30 -5 >
36 a2 | 23 3o [ 72| ;| 53| 72 | NE $8 WiWl 149 | 11 15 e
35 40 | 25 40} 73 | 73 | 73 | 74 | NE WS Wisl 137 —— T
35 © 27 © 71 73 77 75 Nw WS ws:sl 4 Therm.Noon.t 3 & o
33 St 28 42 74 74 26 77 North SW3EW | 112 | {53
33 30 31 30 76 75 26 76 North W ?,— S 143 A. W.iZe Z
33 17 | 33 32 | 6 1.96 | 78 77 | NE wais 103 |- gz BT al o
33 a2 34 3f 76 | 76 81 79 } 88 WiN fo 2 94 B 7
33 45 { 35 o] 78 b9 | 790§ 78 ] WNW SWIW | g5 | 97 791 o
34 14 15 30 79 78 81 8o Weft NWIiIN 3 &1 8o pac
15 37 36 4 79 8o 78 WSW| NNW 23 . 8o 78 S
5 2 37 16 g | 48 omitted. N WbW{ WN WIN| 65 } 2 79 2
36 381 38 o 1 781 77 1 98 | 77 | WS W] NWIWI 4 79 1 77 ;

(caRRIED OVLR.) <3
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x785 A Souraal of a Poyage from the Channel bataween France and England, towards America.

(CONTINUED FROM THE PRECEDING PAGE)

Therm. A:M. i'rhem. P.M.

e z
Dates; | Latit, N. | Long.W. Winds, Courfz. Dift. ‘;;nmmm off &
Air. |Water.] Air, Water, the Needle. -

k=]

t=d
Aug 20 37 38 38 6 78 76 omitted. Welt Niw 62 77 s =
21 36 13 38 26 73 74 78 -6 W NW sbWw 82 77 75 | = &
22 | 35 42 | 38 44 ] 77 { 6 | 8 | 37§ WbS | S5 W 38 8 | 77182
23 35 35 40 33 7 77 78 75 North W £s 100 omitted. s
24 35 12 4T 31 75 73 75 | 54 WNW] SWbHW I 4r 7 74 | =8
25 i3 40 4% 33 79 76 79 76 W bN W NWiN| 6o 8o°| 76123
26 35 30 42 44 79 76 8o 76 S WHwl swIs 12 8o 76 183
27 | 35 ¢ | 43 23 ) 730 17| &8 | 79 | Weh W SWis; 38 1 8 | 8|a%™
28 34 23 43 © 28 7 78 | 5B NNE! sWbhs | 6 7 78 {57
29 31 I2 45 5% 77 73 78 1 7 NE wis 94 8 o ; ;8 1.8
30 34 S 48 3t 8 1 78 78 | 78 Eaft wils 133 A
3 34 20 5¢ 4 2o 79 81 9 Eat | wis 189 8o %0 153
Sept. 1 34 20 s 47 b 78 omitted. S S W W LN 86 83 8 155
2 34 55 55 12 81 8o 83 S W WhNIW1ag 83 8 ;5.7

3 35 3° 57 23 3 8o 83 8o S WbsS} WbLNEN] 114 6 o 84 8r 128
4 35 o 59 I 82 8o 83 $o S WEIW] Wb N{N] 8= 83 8r |72
1 35 55 61 o 81 8r g2 8o SSW WiIN 96 83 4 =2
6 36 zo b2 30 8o 3o 7 81 NWbLN WOLHN 7 78 8o e
3 34 fo 63 10 gy 81 »8 8o NWhW] SsS W 86 7 81 oc}

8 | 34 45 | 64 40 ]| 7 i 7 79 | Nerth wis 74 75 | 7 5

9 35 43 66 a2 75 79 77 73 NE WNwWw 168 78 8o 5

10 7 20 63 40 57 ] 5 P : ENE NW 126 78 72 v
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. OBSERVATIONS P

OBSERVATIONS,

July 31. Atone P, M, the Start bore WNW diftant fix leagues.

Auguft 1, 'The water appears luminous in the fhip's wake.

wwe3: The temperature of the water is taken at eight in the morning
and at cight in che evening.

s—eeb.  The water uppears lefs luminous.

~esnq, Formegus SW diftant 324 deg. St. Mary's SW4S 33 leagues.

w8, From this date the temperature of the water is taken at cight
ip the morning and at fix in the cvcnmg -

w10, - Moon light, which prevents thc Juminous nppcarancc of the
water,

——11. A flrong foutherly current.

e—12. Ditto. From this date the temperature of the ajr and water
was taken at noon, as well as morning and cvening,

w16, Northerly current.

=19, Yirkt faw gulph weed,

=21, Southerly current.

3, Again faw gulph weed,

w~——a4, 'The water appeared Juminous in a fimall degree before the
moon rofe, s . o

w2y, No moon, yet very Jittle light in the waier,

s 30, Much gulph weed to-day.

w31,  Ditto,

Sept. 1. Ditto.

. A little more light in the water,

w4, No gulph weed to-day. More light in the water.

w——§. Some gulph weed again.

w6, A little light in the water. A very hard thunder-gult in
the night.

ey, Alittle gulph weed.

~—8. More light in the water. Little gulph weed.

»—9. Little gulph weed. Littlc light in the water laft evening.

w10, Saw {ome beds of rock-weed; and we were furprized to
obferve the water fix degrees colder by the thermometer than the pre-
ceding noon.

"F'his day {(10th) the thermometer ftill kept defcending, and at five in
the morning of the suth, it was in water as low s 70, when we firuck

foundings.
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foundings, The fame evening the pilot came on board, and we found
our fhip about five degrees of longitude a-head of the reckoning, which
our Captain accounted for by fuppofing our coutfe to have been near the
edge of the gulph fiream, and thus an cddy-current always in our favor.
By the diftance we ran {rom Septs 9, in the evening, till we firuck found-
ings, we muft have then been at the weftern edge of the gulph fiream, and
the change in the temperature of the water was probably owing to our
fuddenly paffing from that current, into the waters of our own climate.

On the 14th of Auguflt the following experiment was made. The
weather being perfe@ly calm, an empty bottle, corked very tight, was
fent down 20 fathoms, and it was drawn up ftill empty. It was then
fent down again g5 fathoms, when the-weight of the water Having forced
" in the'terk, it was drawn up full; the water it contained wae immediarely
tried by the thermometer, and found to be yo, which was fix degrees
colder than at the furface: The lead and bottle were vifible, but not very
diftin®ly fo, at the depth of 12 futhoms, but when only 7*;f§§homs'drcp,
they were perfe@ly feen from the thip.  This experiment was.thus rc-
peated Sept. 11, when we were in foundings of 18 futhoms. A kég wag
previoufly prepared with a valve at each end, one opening inward, the
other outward; this was fent to the hottom in expe&@ation that by the
being both open when goibg down,-and both fhut when coming up, it
would keep within it the water received at bottom,  ‘The upper valve
performed its office 'well, but the under one did not fhut quite clofe, fo
that much of the water was Joft in hauling it up the fhip's fide. - As the
water in the keg’s paflage upwards could not enter-at the top, it was con-
cluded that what water remained in it was of that near the ground, and
on trying this by the thermometer, it was found to be at 58, which was
12 degrees colder than at the furlace, s

This laft Yournal nvas elligingly ﬁrp;‘ Jor me by My, o Williams, my fel-
low pafénger in the London Lacket, wwho made all the experimenty with great
exallnsfs.

Memoin
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Memoir of JoNaTHAN WILLIAMS,

On the ufe of the Thermometer, in difcovering Banks, Soundings, &e.

Read Nov. ] .
19s17')°-I HAVE hitherto delayed making a public

communication of my fea journals, from an apprchen-
fion of being thought too forward in calling the attention
of the Philofophical Socxetz to the fub)e& of them, but
being imprefled with a bchcf, th'xt by notxcmg the
changes in the heat of the fea water, a navigator might
always know when he is in foundings, and thereby be
-able to efeape the. dangers arifing from une‘cpcé’tcd cur-
rents, and erroncous reckoning, I cannot think myfeli
juftifiable in longer hefitating to fubmit my remarks to

their learned and Judmous examination.

This fenfe of duty is f’crengthencd by the recolk:é‘txon
of many melancholy inftances where mariners, in full
confidence of being at a diftance from land, have, with'
crouded fails, rufhed on to deftruction; and I was once
within halfl an hour’s time of being thipwrecked on the
rocks of Scilly, when the return of day prefented to our
view the frightful rocks we had fo narrowly efcaped.

* If it fhould be found that the ufe of the thermometer
would be an improvement in the art of navigation, I
fhall be abundantly rewarded by the refletion of having
contributed to the fervice of humanity, which is the
common caufe of all men.  Ifit fhould, on the contrary,

appear
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appear that I am miftaken, either in the facls or the con«
clufions deduced, I truft that the defire of doing good,
the only motive that attuates me, will meet with indula

gence from every candid mind.

In the months of Auguft and September, 1785, I
was a fellow paffenger with the late Doétor Franklin
from Europe to America, and made, under his direc-
tion, the experiments mentioned in his defcription of
the courfe of the gulph ftream, an account of which
was annexed to his maritime obfervations, and publifh
ed in the Philofophical Tran{altions Vol. IL. page 328,
I then determined to repeat thefe experiments in my
futuré voyages. Accordingly on a paffage from Bofton
to Virginia in O&tober 1789, I kept a journal of the
heat of the air and water at fun rife, noonand fun fet;
I then noticed that the fea-water out of {foundings was
about ten degrees warmer than that on the coaft, and it
very naturally occurred to me that the thermometer
might become an ufeful nautical inflrument to indicate
an approach to the fhore, I thought it prudent, how-
ever, to keep this idea to myfelf till after I had madca
courfe of fair and repeated experiments, which T accor-
dingly did during four paffages, 1it, the one from Bof-
ton to Virginia abovementioned, 2d, from Virginia to
Lngland, 3d, from England to Halifax, and 4th, from
Halifax to New-York. By confulting thefe journals
and the obfervations made at the dates written, together

with
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with the -tracks of the fhip’s way marked on the chart
annexed, it will not only appear that Do¢tor Frauklin’s
account of the warmth of the gulph fiream has been
amply confirmed, but alfo that banks, coafts, iflands of
ice, and rocks under water, may be difcovered when
not vifible, and when the weather is too boifteraus to
found, with no other trouble than dlppmg the thermo-
méter into the fea water. It is well known to failots,
that the water on the banks of Newfoundland is cold,
but-as-they only-try this, ‘with the hand, their remarks
are contradiCtory owing to the varied teinpér'aturév of
the hand, and I never heard of any further application
of what they think merely a mattter of cariofity.  Doc-
tor Franklin’s obfervations had the knowledge | of cur-

rents for their objedt, and this extenfion of his dxfcovexy
did not occurj but as I am indebted to his iu(tru&i\"
converfation and example, for. my inducement'to purf ue
philofophical refearches when in miy power to do fo,
hc may be confidered ag the orngmal caufe of wlnt s

now prcfcnted for examination.

It will be proper to fufpend any conclufions till the
journals have been attentively confidered, but asa gmdc\
to the objedt of them, it may not be amils to ftate fuch

faéls as itis prgfumgd the experiments have atendency
to eftablith.
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1. The water over banks is much colder than the
water of the main ocean, and it is more cold in propor.

tion as it is lefs deep.

2. The water over fmall banks is Jefs cold than that

over large ones.

3. 'The water over banks that are near the coaft is
warmer than that over banks far diftant, but it is colder

than the adjacent fea.

4. The watcr over banks of the coaft, 4. e. thole im«
mediately conneted with the land above water, is
warmer than that “over ‘thofe 'which admit deep watey
between them and the coaft; but ftill it is colder than

the adjacent fea.

5. The water within capes and rivers does not follow
the above rules; it being lefs agitated, and more ex-
pofed to the heat of the fun, and to receive the heat from
the circumjacent land, muft be colder orr warmer than
that in foundings without, according to the feafons, -

and temperature of the atmofphere.

6. The paffage, therefore, from deep to fhoal water
may be difcovered by a regular ufe of the thermometer,
before a navigator can fee the land s but as the tempe-
rature is relative, no particular degree can be afcertaine
¢d asa ruleand the judgment can only be guided by the

difference. Thusin Auguft I found the water off Cape
' Cod



OBSERVATIONS. 5

Cod to be §8°, by Fahrenheit, and at fea it was 69°;
in Otober the water off Cape Cod was 48°. and at fea
it was §9° 'This difference was equally 2 guide in
both cafes, though the heat was different at different
feafons. ' '

I do not prefume to fay what is the caufe of this
difference of heat between the fea and bank water, but
if a navigator were to obferve it when near an ifland of
ice, he would very naturally fay that the ice conduéted
the heat from the circumjacent water, and left it colder
than that at a diftance. And as it is well known that
ftones and fand are gfcnt conduétora of heat; it feems
probable that banks alfo conduét the heat from the adja-
cent water, thotgh not fo rapidly as ice. . The heat
of the water may indeed be fuppofed to feek its equili-
brium, but as long as iflands of ice and banks conti-
nue to condudt, there muft be fome difference, and this
it is, which, by attention, may be made a faithful fen-
tinel to give an alarm when danger is near.

I have thought it my duty to prefent my journals as
they were written at fea, to avoid the fufpicion of having
added any thing from the fuggeftions of the imagination.
While this will be received as a-circumftance favourable
to the truth of them, I hopeit will alfo operate as an
apology for their imperfeftions.

The
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The journal A. from Bofton to Virginia, fhews that
the water on the coaft of Mafluchufetts, was at 4893
at {ea between that coaft and the ftream, 599 in the
gulph ftream at its edge, 67°; between that and the
coaft of Virginia farther fouthward, 64°; and in found.-

“ings on that coaft, 56°. At that feafon (in O&ober,
jult after the warm weather) the water grew warmer as
we approached the land.

The journal B. from Virginia to England, fhews that
m Dccembcr, the w'xtcr in thc coaﬁ of Virginia was
at’ ‘47%; between the coaft and the fiream, 609;
and in the flream, 70° This current being ip our
{: vout, Wwe dxd not avmd ity and the water contmued
thh httlc varmhon, tnll we came near the banks of New
foundland, when the thermometer fell from 66 to 543
pafing thefe, it rofe again to 60°. and then continued
a very gndu.xl defeent as w¢ went to the nqrthward
till we flruck foundings, when it was at 48°.

It may be here obferved, that the decreaft in the heat
nf the water was {o gradual as to give but one degree in,
aday’s run, while in going to, or coming {rom the coaft
of Amcrica, the thermometer will alter 8 or1o degrees
in a few lours run. ‘Iq is well kndwri, by fouuding,’
that the Engli(h coaft extends with 2 very gradual dé-
fcent to a great diftance. It is nlfolmun that the
American coaft does not cxtend very far, and the water
s (uddcnly decp. Let thefe fadls be compared with the

changes
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changcs in the thermometer, on the two_coafts, and
they will agree with each other and confirm what has

been faid about the ufefulnefs of thatinfiowment,

, It may be obferved in Dotor Franl?lin’s jyolursﬁil on
board of the Reprifal, that in November 1776, when
near the banks of Newfmmdl'md, lus thermometer fell
ten dcgrecs, though conﬁdcrably fo the §outh*w1ra of
them, and after pn{'ﬁng ‘them, it rofe nearly to its for-
mer ftate: the Doftor did not make any obfervation on
this circumftance; but it agrees with my joprnal, in
nearly the fame place, -made nine years afterwards. .

‘The journal C. from England to Halifax, fhews the

,ghangcs in the heat of the wateras we {adegl ovgr banks
and deep water alternately, with an -\ccuracy\thail con-

fefs, excececded my cxpeQation, the land appcarmg as

the thermometer indicated our approach to it.

~ The journal D. from Halifax to New-Yoxk npt enly
ﬂchs the v'mcty of depchs we paﬂed nver, but indicates
the inncr edge ‘of the gulph frea.  As by.the ther~

mometer and foundings it appeared to me that the thip
was a-head of the rcckomug, I made allowances for the
cdd,y, current of that ftrcam in our favour, and compar-
ing thefe with the chart, I noted in the journaly the
longitude I thouhht we were in, under that calculated
by the fip's officers : what cpcouraged this opnuon,‘

was
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was -the iiifagrceme;xt between  the fouhdinés by the
lead, and thofe marked on the chart in the places where,
by the common reckoning, the fhip was fuppofed to bej
while upon the other fuppofition they both agreed.
When we made the land this latter reckoning turned
out accurate, :and I won.a fmall bct of the Captam who
candldly acknowledged the ufefulnefs of the thcrmomc.
ter, and declared that he would in future, always have
one on board.

Finding the coaft of America to gfow‘ fuddenly deep
as it approaches'the gulph fiream, and finding continued

foundmgs from Cape Sable to Ncw~York, I am induced
to believe that it has ifs Thape ‘according to the courfe of

‘that currcnt, and that it is connected in a fweep from
the banks of Newfoundland to Florida, the various banks
between being only eminences of the coa[‘c. If my. ap-
prehenfion of the accuracy of thermometrical obferva-
tion is well founded, it would be an eafy thmg to make
@ gcneml [urvey of the coaft under water, more. parti~
cularly than has hitherto been, or could be donc. by

founding.

On the chart annexed, the tracks: of my feveral pafs-
ages aré marked with the daily heat of the water in de-
grees according to Fahrenheit, by which the variations

~on the approach to land may be feen at oneview. The
edge of the gulph fiream is alfo traced according to the .
| experiments
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expeiments as far‘ap the banka 0£Ncwfoﬁhdland: how
far it tuns to the eaftward I do not pretend to.fay, but
having found: a:. current in the natural direftion of its
{weep among the weftern iflands, Iam inclined to think
it extends fo far, before it turns off to the fouthward :
It-may.be obferved, . however;. that: as this:
all-other cusrents, muft be:affeted by tempe&s on cxthcr
fide; it may, as thefe prevail, run fomewhat nearer or:

fomewhat farther diftant from the coaft,

o I;fconﬁrmanon of what has been faid about the eddy
current of the gulph ftream, Ihave extrated from the
journal of an officer belonging to the Britith fhip of war
Lwcrpool, fomc obfcrvatnous whmh defcribe. this eddy
on both fides of the ftream,* two other extradts from
the fame journalt defcribe a current among the weftern
Ifles, which is perhaps the gulph fiream, then turning
to the fouthward. This journal was communicated to
me by Capt. Schuylcr of the Britifh packet, on board
of which T made my  Talt expenmema and obfervations.

1 In addition to my journals, I have fubjoined an ac-
count of fome experiments on fith, which fhow that their
ahimal heat was 16 degrecs colder than the water at the
furface; from which it may be fuppofed that the water
at bottom s in proportion colder than that above. It

may
* Appendix No. 1,
4+ Appendix No. If. and 1%
{ Appendix No, IV.
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may be naturally fuggefled, that trying the heat of the
water at the furface, (the only way in one’s power when
failing rapidly through it,) is too inaccurate to be de-
pended on fince the furface muft be heated by the at-
mofphere. To thxs it may not be amifs to anfwer.~—~1.
"That.-by repeated experxmcnts at the dcpth of 30, 40,
and 6o fathoms, I have found the water below, out of
foundings, to be no.more than fix degrees colder than.
that above; and at four or five fathoms dccp, when
the fea was agitated, there was no difference worthy
notice. 2. When the fea is not agitated and the fur-
féce, by being expofed to a hot fun, is warmer, ’thc'
weather being calm, it is eafy to have water from a
confiderable depth; this I have found to make a diﬂ'cr—
cnee of oneor two degrees only, and it is ca('y to make
the allowancc. 3. "Thedifference of heat which marks
an approach to land is fuﬂicicmly fenhible at the furface
for the purpofe of glvmg notice of d:mger. I have gene-
rally found it to be 6 in three hours run, and long be-
fpu we were near enough to be in danger.  Upon the
whole, as it is fat, and not argument which fhould
infpire belief, I wifh every doubting navigator to endea-
vour to confute me by making other experiments, and
thereby, if he can, dete& the fallacy of mine. '

JONATHAN WILLIAMS.
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e Fournals, as they were prefented to.tbe ficiely, contained the experivnss in
detaily byt it war tbougbf cpediont in the publication: of them,. to fupprefs all
thofe, gobishy by baving wearly f Jibilar ay be confidered as pepetitions of
the preceding, or gradudl approaches she Furceeding ones The reader
enay dipend, bowweviry that nothing is alteredy sndl thettba beatof thexvater wwas
baken at leafl thres times-snery diy duving all-the voyagésy-und suben ?WJ*W

* banks, or ap_proacbngg the coafly almoft rvery bour, ns wvell by m‘gl:t us by dy,
N. B, Toe Thermometer ufed was on Fabrenbeis's feale,

Sty § e :

A. A Thermometrical Journal . ¢ atempcramre of the mmofhiere

‘und-the fenyonspadfage from. Wirgliii,

on board gf the fcheoner Amqﬂca 2 Copt. Bmce. N

“BY JONATUAN Wuuams

T—_r—

Datgs. | Time. Places in at Noon, Temper, of

o&. 1z

Sun fet.
14 | Sun rife.
oo Noofie - g
ok S feti
15 i;m Yife, |
‘ oon, ] 381
Sun fct. ‘5.
16 ;;m dfe. | 0
oo Neon, vy oL
S nBunfet o 37 “
17 Sun rife: i
Noo 37 36
Sun-{et,
18 Son rife, 16
| Noun, 37 34 | 74 45°| 6o :
i “Bun fet. - b e . Vv 50 s -
19 Sun rife, UL I 56 } 6o
: Noon.‘ 37 4 26 3 58
& Noris.
O&ober tl-—(’gn fet, Sailed ot 8 A, M, from Bofton;: snd at fun fet, "
we were off Cﬁpmeod. which is inlat, 42. 5. ,N and.Jovg. 69, 40, W

fmm London. 8se John Hamilton Moore's pradisal savigator.
E O&tober

46
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Oftober 13~-nooni No {ympmnli of the gulph fiream in this longitude.

~-fun fet. We now probably apprbach the gulph fiream,
the water being 7°. warmer than at noon,

O&ober 13——fun rife, At midnight, we had:made nearly SW courfe
diftant 80 miles; the water then was at 6o,

O@&ober 13~~noon.. We are now probably-within the {tream, the wa-
ter being 15°, warmer than yefterday -at-this-tima, -
. O&ober 13efun fet. We had 2 good obfervation at noon'; we are
probably flill in the fiream, the water continuing warm.
O&ober 14=-fun rife. We have made about a well courfe during the
aight, diftant about 52 miles, .. ;
O&ober 14—naon. 1t appears by obfcrvanon. thut'we are 18 miles

uorth of our rcckomng, hitherto our reckoning has appeared accurate,

October x4-fun fet. The water yefterday nvon was 6°. warmer than
at the fame time to-day, yet the air was 9% warmer to-day than ut the
fame time yeferday. . By this.diffcrence of temperature, .and by the lofs:
of 18 miles diftance, it is probable that we were within the ftream yel-
terday, and carried to the ‘northward by its current; thus it appears,
that in the lat, 38°, 43 N, the wellern edge of the {lream extends as
far as long, 7. 15, W, which is the mean between ycncfday and to-day’s

. zeckaning,

O&ober 16~—rioon. 1 fent a well corked bottle 30 fathoms deep, and
drew it up emptys T fent it again Go fathoms deep, and drew ic up full,
this water was then taken at a depth fomewhere between 30 and 6o fa.

thoms, and it was by the thermomcter at 580, fix dcgrccl colder than at
the furface, 64°. o

Odtoher 1y~=noon, Obferve how regular the temperature of the wa-
ter hagbeen during four days, i. . fince leaving the fiream.

O&ober 8anfun rife.” By the fudden change in the heat of the water,
I fufpedt we are drawing ncar foundings,

October 18—~noon, Sounded, but no bottom, with Go fathoms of
line, No obfervation for thefirft time fince we have been out,

O&obcr 18. At8P. M. gOt bottom 33 fathoms, heat of water 56 v

At midnight 21 fathoms :
O¢tober
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O&ober 19. At 3 A, M. 18 fathoms, at 4 A. M. 14 futhoms, at B
A M. made Cipe Chatles, WNW, at 9 Cape Heriry, W by SW off
Willoughby's point, in the mouth of ]nmea tiver, Cape Charles, by
John Hamilton Moore's pracdtical navigator, s in lat: 37% ¢/’ N long.
95% 5¢/.'W. Wa are now about 16 miles within the Cape, \hm the
reckoning proves to be very uccurate, :

N, B. The water appears fomewhat warmer in fhoal than in deep-
foundings, within the Cape,

b,

B. A Thcrmomemc' Journal ‘of the tempernture of
' and the fea, 6K’ & paffage from Virginia to England, on
board of the brig Mercury, Captain Thompfun.
By JonaTuan WiLLiams,

Datesi |- Time: .| - Places in at Noon, Temper. of
Lat. N, Long. W, | Air. [Water,
198G L e ~
Nov, 30 L.-Neon,: 1 370 o [  75%.43 | 43%] 47°
4 e R L R Bt
Dec, 1 | Sunrife, N BT 8
: Noon. 36 30 70 12 44 60
10 P. M., 50 70
2 | Sun fet, 36 30 68 47 58 67
3 | Noon, 36 g0 | 65 39 o | 7
Sun fet, 63 1
4 | .Sunrife, o 39 6
Noon. 37 3 62 13 6o | 6
Sun fet, : ool 89 | 67
5 1.8A. M. , Al 86 66
= a ‘Sunfet, | 38 9, 54 4 66 | 68
Noon, . 38 .43 $2 12 68 66
o | Sunrife. 89 56 48 sa | 66 63
10 | Bun rife, 46 54
. Noon. 40 10 a6 12 54 6o
: Sun fet. 5% 63 -
1t | Noon, 40 44 43 39 56 1 6o
i Noon, - 4% 93 39 3§ 62 59
X4 | SBunrife. 43 $4. a6 4 6 | ¥
=35 i;m rife. ; . 53 ; .’f;
. oon, 44 § 3% a7 o |.§
16 Noon, - | 45 $8 99 o© 56 | 58
32 | Bunrife. | 48 322 ax 3 48 | 50
24 | Midnight; 49 48 13 34 46 4
Y Noon, 49 40 10 X4, 48 4
27 | Noon. . 49 56 3 8 81w
28 | Noon. 59 24 A a8 59 49
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Norzs.
Nov. 30 - Sailed this morning from Hampton Rozdy at noon Capa
Henry bore Weft, ditant 3 leaguca.

Dec. 1. Entered the Gulph ftream, at 10 P. M,

December 3o—fun rife. 1 fuppofe this coldnefs to hie owinig'ts the banks-
of Newfoundland, which are in this Longitude.,

December g2.  Since the 16th there has been little or e dlteritlon il
to-duy.

December 25, At 8 P, M, founded in 75 fathoms,

Decemiber 27, At noon founded in 40 fathoms,
December 28, At noon faw Vottland, ..

D 3. R ——t

C. A Thermometrical Journal of the temperature of the atmofphere and
the fea, on a paflage from Falmouth in England, to Halifax in Nova
"Bebtin, oni Lohrd the Bfitith packee Chifierficld, Cap. Schuyler,

By Jowarnan WiLrtiams,

Places in at Noon. Temper. of
Dates. Time. . . |

1790, | Lat N... | Long. Wil Ajr, {Water,
Jube 12 Noon. - 49° 57¢ 571y 61° | s5°
6 P. M. s1 1 57

14 Noon, 48 11 12 18 61 38

15 | 8P M. 47 28 16 16 60 59

21 Noon, 48 7 .25 16 63 57

22 | 8 A.M. 47 19 26 11 59 58

23 Noon. 46 38 27 3% 64 6o

24 | 6 P. M. 45 13 28 29 64 62

25 Noor. 44 46 30 312 6y 63

26 | 7 P. M. 44 53 3% 1§ 66 | 62
.27 | Noon, 44 53 33 a9 | 63 | 61
10 Neon. a4 56 36 21 64 to
July 2 Noon, 4 o0 | 37 e | 66 64
2 {8 P .M. 44 3t 38 1g 65 61

31 8P M. a4 52 | g9 56| 063 6o

4 Noon. 44 23 40 53 66 62

3 6 1% M. 44 20 43 =5 | 66 63

6 6 A M. ‘ ‘ 66 62
Noon.  [444 43 ' 46 7 63 | 87

1 BM. : 63 | 55

4 P. M. £8 | 33

s M, i85 K3

6 P M. 6o 7| 56

“w B M. A4 59 |87
Midaight, |, : 59 55

(garnizD roRwARD.) C,
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€. A Thermometrical Journal of the temperature of the atmafphere and
fea, on a puffage from Falmouth in England, to Halifax in Nova
Scotis, on board the Britifh packet Chefterfield, Cup. Schuyler,
' By JoNaTuan WrLLIAMS.

( Continued. |
Dates. - Places in at Noon. Temper, of
ime JES——
1790 Lat. N. Long. W. | Air. |Water.
A
July 7 | 4 A, M. 1 58 | s4®
6 A, M. w6 ] s0¢
1.7 AM 56 | 49
10 A. M. 50 51
1 A, M. L) 53
Noon. 4° o 47° 57 | 55 | ST
6 P, M. 55 49
8 | 6P M| 45 14 49 13 31 4
9 [ BALM. T gy 36 5T 9 53 | a7
10 {8 A M. | a4 54 53739 s7 ] st
ol 8 A ML 44 5 54 57 58 1 53
6 P, M. 6o 54
T gl’- M. | 44 4 sg xg 55088
13 A. M. 0 2 58 53
Blemwm| M8 > 56 | 54
: o P. M, 56 s
14 8 A, M. B : Go &
Noon. 44 33 50 54 “6o | 6
Midnight. 57 57
15 | 2P. M. 44 50 61 40 60 57
- s Po M. 6o 53
P SNP‘ M. 6o 56
X oon. 44 63 17 6t $7
A‘,s P. M. 34. 6o 53
17 16 A M. 59 53
Noon, oo ) 6 ) sy
28 |4 A. M. | Atthe mouthof Halifux H.| 54 | 52

, Nores, ‘
July 1. 1o the cvening, I ftrained a bucket of water through s towel,

.and the luminous appearances fo common in the fea, remained on the cloth,

July Geat § P, M. 1 fuppofe we are on.Jacquet's Bank.—wy P. M. 1
foppofc we are between Jucquet's and the Orand bank of Newfoundland, -

July jemae 4R ML Thefe irregular degrecs of heat indicate eminences
in the valley betwcen Jacquet's and the Grand Bank,

July 9—at 8 A. M.  Sounded in 40 fathoms.

July 10—at 8.A. M. Sounded in 45 fathoms.

Taly Trewat 8 A M. Sounided 56 fathoms.~-6P. M. Sounded 75 fathomas
July
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« July 12wat § P. M. Sounded, no bottom, in 1xo fathoms, over the
Grand Bank,

July 13~at 8 A, M. Sopﬁdcd in 42 fathoms; perhaps on the whale
, Bank.—8 P. M, Sounded 4o fathoms.—10 P, M. Sounded 3§ fathoms.

W July 14—~at 8A. M. Sounded in 38 fathoms.~Noou. Sounded bo fa-
thoms, calm, and bright fun, « A . .

July 15~~at 2 P.- M, Saw land.=5 P, M. Tacked and flood offland,
founded 13 fathoms.—8 P. M. Land out of fight.

July 16—~noon. Standing in for land.—8 P, M. Tacked and off the Jand.

July 17~6 A. M. On Jeddore Eank.—Noon. Off the Bank.

' o ¢ Qs

Objér-uaiion; on a paflage from Falmouth to Halifax,
By Jonaruan WitLiams,

1790. Junc 17. - The very, gradual. increafe in the heat of the water as
' we leave ‘England indicates a fmall defcent of the coaft,

which as far as foundings go, is known to be the cafe.

. b4

July 6. Here we find a fudden change of 7 degrees in the heat of

1at. 44. 43- N the water, which indicates our approach to the banks of

lon. 46. 7. W Newfoundland, though not in fuch foundings as we could
obtain.

We tried with 160 fathoms but the Jead was only about

12 pounds, and the line was a very thi¢k one: perhapsthe

line floated the lead. At 5 P. M. the water ‘was ftill

colder 4 degrees; butat 8 A, M, it grew warmer again

* 6 dagrecs, this feems to indicate a palfage over a bank,

intolwater, as deep as when we difcovered the ficlt change,

July 4. We are now in cold water aguin (49) 13 degrees colder
lat. 45, ©. N than the ocean water had regularly been during 12 days
lon, 47- §7« W previous to the firlt change, except only the finall variations

’ of a more northern or more fouthern coutfe, thefe changes
fecm to indicate our entrance on another bank, There is’

a bank laid down in the charty, by fome called ]’ncquct's

bank, but by the older charts called Falfe bank, over

which we have probably paffed. In this longitude, but

farther
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farther fouth, both by Dr. Frauklin's and my own obler-
vations, the water grew fuddenly cool. This feems to
confirm the fuppofition of this outer bavk, the fouthern=
moft point of which I fuppofe to. extend ns far as lat, 40.
0. N. We hove too in order to try the foundings, but
the force of the back fail carried away the maintop maft
head, and brought the top gallant fuil, mall and rigging
down, this confufion interrupted the founding; and we
had only 80 fathom of line out, when it washauled in.

July 8.~ At 6 P. M. the water was only 2 degrees colder (44°)
than when we were interrupted in founding, and we got
bottom in g0 fathoms,

July 12, From the laft found to this time the thermometer has
lat. 44. 49. N varied, regularly us the foundings varied the water being
lon. 56. 16, W warmer when deeper, and coolér when fhaaler.. It is now

at 55, which is 8 degrees warmer than when we had 40
fathoms,  We now founded and could not reach bottom
with 170 fathoma of linc.  ‘This indicates that we are off
the G‘rnnd bank, and within it, By taking our diftance
from the time the thermometer firlt fell to 54, to thelaft
time it ftood at that degree, we may give an nccount of
the width of the foundings on this Grand bank, though it
probably extends much further, but in decper water.
+This isnoted on the chart. The variations in the thermo-
meter between laft night and this moruing, indicate our
paffage over an eminence of the bank, called the Whale
bank, fitusted on its inner cdge.

July 13, Thermometer at 8 A, M. was at §3, two degrees

lat, 44. 30. I colder than when we could not reach bottom with 110
lon. 58, 28, W fathoms of linc: and we founded in 43 fathoms, 'This
indicates our entrance on another bank, which is called

in the charts Banquereav, It isobfervable that the water

of fmall banks is not fo cold as that of large banks, and

this feems natural, if it is fuppofed that the conduling

power ‘of the lond, taking away part of the heat of the

water, is the caufe of the changes in the thermometer 5

for
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for that power muft have lefa cffet, as-the quantity of the
ground under water is lefs: and this mutt be &ill more
remarkable when the bank is immediately connected with
land above water, for fuch land conduting heataway from
the atmofphere, and receiving much from the fun, mufk
require lefs from the water. This remark has been uni-
- formly confirmed in all my experiments within Capes,
where the water is much: warmer than-in foundings with-
“.out them, And it is-further obfervable, that the water
on the coaft of America on the edge of foundings, is not
above 6 or 8 degrees colder than deep water; but on the
banks of Newfoundland it is from 12 to 15 degrees colder.

July 14, Here we have the water 57°, which is 2°, warmer than
Ist.. 44. .33. N when we. could not get bottom between the banks, yet
fon. 59. 54, W- wehave 65 fathoms, at noon it was up to 61. and we had
the fame foundings; but as it was calm weather, andag
wehada hot fun, allowance muft be made for its influence,
and therefore no certain conclufion can be drawn, - The
depth:of tHg'water-however ‘indicates‘our going off Ban.
quereau, and the white fand of the bottom indicates that
‘we are on the edge of the bank which is conne@ed with
the Mle of Suble. “Lhis alfo accounts, from™ the above
mentioned principle, .for the unnxpu?u:d warmth of the
water, .
-
July 15, We faw the land at 2 P. M. and now we are in 13 fa-
lat. 44. 50. N thoms of water, thermometer 53. ‘T'his Iand agrees with
lon, 61, 20. W' the defcription of that about $t, Mury's river, and tra-
cing our courfe buck, fhews veto” have been laft night,
and the preceding days, in the very placesindicated by our
reckoning, thermomcter, and foundings, We tacked
and ftood off.

July 18, The thermometer, when we ftond off the Jand, rofe up
Off Halifax  to 57. snd when we came on and made the high lands of
Harbour, Jeddore, it indicated Jeddore banks by falling to 52. when
" being becalmed we caught fith 5 leaving the bank it rofe to

5%, and new we are in fight of our port it ftands at 5z,

D'
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b a Thermometrical Journal of the temperature of the atmiofpherc ag
fea, on a paffage from Halifax to New York, on board of the Britifh
packet Chétterfield, Capeain Schugles,

By JonaTuan WiLriapms,

- ' Places m at Noon, | 'lemper., of
Darcs. | Time. : . . e i
1790, , Lat, N, Long, W, | Air. |Water,
Julya o A M, Halifas} Barbour, 5601 s53°

13 A, M. | Without th.| Harbour, 55 5
, 4 P M. 64 56
24 |'6°ACM. . : 1. 56 K1
Noon. C45° 13 64° & [ 36 Vo35
P.M, . 56 sa
7 P. M, 56 54
g4 | 8 A M. 56 s
10 A M . , [t 53
Noon, 41 57 65 1 [ 58
6 P. M. ‘ 1 v b G, 51
w7 - Midnighe, {0 R 62 56
L Noon. 4T 53 65 33 | 64 s8.
4 PO M, : 64 | 55
6 Y. M., 62 53
Midnight, 62, 6
26 A M, 62 | 53
,A-VI,M. .. ., N i 6o 37
Noon. ! 41 8 64 36 64 | Go
‘4’2' NI\I/E R A % 24 -6 -
27 |3A M : o | $4
7 A. M. 62 6o
Noon, 4 A4 67 32 64 56
14 P. M. ‘68 30 64 54
8P, My b3 59
ool PO ML : 64 35
a8 1AM, bg | 56
6 A. M, . 67 | ot
Noons 40 44 68 .- 6 68 6g. .
8 P. M, *69 40 69 | Ga
jxo B, M.} 6 64
29 |4 A M| 6 6
Noon, 40 25 68 20 68 6:
10 P. M, } *0 30 65 6
30 Noon. 46 23 69 14 6y 6
4 P. M *1n 1o 6y 67,
8 P. M, 0y 68
. | Midnight, 90 6
313 AM, 40 29 7 5t 70 6
Aug. « L4 A M. *22 30 90 { 68
9 A M., { - 66 66
4 P M. 40 29 *73 40 68 66

¢ N B. By the foundingy and the thermometer, 1 fuppofe the trus
longitude to be as marked under the reckoning.

F NoTes.
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Nores,
Jaly 21, Bailedat 8 A. M.—4 P, M, Land out of fight.

July a2—6 A. M. I fuppofc we are on Rofeway bank.—Noon. I fup-
pole’ we are between Rofeway and Brown’s bank.—g P. M. 1 fuppofe
we are on Brown’s bank.—-7 . M. 1 fuppofc we are off do.

]uly 24—6 P, M, 'T'ried currcntand found it NE 1 knot, no bottom
in 80 fathoms,

July 25—noon. Much Gulph weed, a whale, two fharks, and many
-porpoifes.—6 P. M, Bottom in 42 fathoms, no Gulph weed. ~Midnight,
Bottom in 32 fathoms, ftond north,

July 26~3 A. M. Bottomin 32 fathoms, flood fouthward,e—g P. M.
Bottom in 50 fathoms, flood North, '

July 27~~3 A. M. Bottom 35 fathoms, {tood fouthward,~7 A. M.
Stood weltmmg . M. Bottom in 28 fathoms,~-8 P. M. DBottom in
40 fathoms.—10 P. M. Bottom in 30 fathoms,

July 28~=1 A. M., Bottom 3z fathoms, fteod SE.~6 A, M. Bottom
in 43 fathoms, flood SW.—Noon. Bottom 36 fathons, ftood ESE.—-8
P. M: Bottom in 65 fathoms, wore fhip, almoft calm,~—10 P, M, No
bottom, 1 fuppofe we are within the influence of the Gulph ftream; in
its eddy perhapa,

July 29=4 A. M. Bottom in g7 fathoms, flood weft.—10 D, M.
Bottom 45 fathoms, the water being warmer than in the fame depth when
1 thought we were near the fhoals, 1 am induced to believe that this bot»
tom is thut of the coaft.

July 30~8 P. M, DBottom in 56 fathoms, mud.

July a1—3 A. M. Bottom in 63 fathoms, mud. ‘The muddy boltom
fhews that we are withio the fhoals and banks of the couft

Augult Tewg A, M. BaWw the land off Long Hland, bearing north, e
4P. M. New York Light Houfe in fight, bearing welt. N, D. Since
2 A, M. we have been going from § to 7 knots, i. & zbout 50 miles
W which makes the longitude by thermometrical reckoning and found-
ings, 73. 40, W at noon, whicli turns out accurate, the land being in
7.+ 0 W, ’

Obfervations
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oéfi'rvalg:nru an a voyage from Halifax towards New-2ork.

1799, ]uly'zx. Sailed this morning from Halifax. The water at the

3.

2%,

Lat, 41, 57,
Long. 65. 1

harbour’s mouth and juft within Chcbu@a head, was at
£3. but without it wasat §2.~1In land locked places I have
generally found the water warmer than in even greater
depths, on the borders of the ocean,

When we loft fight of land the water was at about 56,
bue at 6 this morning it having covled to 3o. I fuppofc we
are paﬂing over Rofewny bank,

At noon the heat of water had rifen to §3. which maokes
me fuppofe we arc over the ground between Rofeway and
the other bank calledin fome charts Brown®s bank, andat

4 the watey cooling again to so. lfuypofe we are on this
lat mentioned bank,

The water at noon yeferday growing as warm as 56.1
fuppofe we are on the SE edge of Brown’s bank. As we
afterwards hauled up more to the weftward, and as the
water at 8 this morning cooled to 50, again, I fuppofed we
had returned more on the bank. But at noon the thermo.
meter rofe to 58.° As it was calm, and the fun hot, &
made fome allowance for that caufe, but fuppofed we had
got off foundings, and as at 6. (the air being 6%, cooler than
at noon) it was at 57, I was confirmed in this.~It being
ftill calm, and tl}crc'appcaring fome Gulph weed, we
hoifted out the hoat to try the current which we found to
fet NBE nearly 1 knot. This puzzled nie, 1 could not
conceive ourfelves to bein the Gulph ftream, becaufe the
water was not hot enough for that fuppoﬁtiqn, and as the
iron pot by which we anchored the boat, was not at bot-
tom though 8o fathoms of line were out, 1 thought the
heat 57. fully necounted for by the depth of water; but
about 7 when we had made a little way through the wa«
ter, it became again calm, and we then faw and heard
the ripple of a current s cvidently s we could have cx»
pected over a thaal, [could net sccount for this any othee-
wils than by. fuppofing it to be the Gulph ftream, yet it

appearcd
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A
ey

appeared impoffible that it fiould come fo néar the hank.
Dur Captain refolved to try again if there wasa current
hcrc, at a diftance from this ripple and ina calm. He
nccordmgly hoxﬁcd out the boat again, .md the current
was found to fet 5 by S about £ knot, ’1 he evidence of
this various current in fo fhort a fpacc, the heat of the
water not being raifed to the heat of the flrcam, and our
fituation to the forthward made me’éonclude this to bo
the wairlpools of the eddy of the (;ulph ftream jufl on
the northern edge of it. " - '

July 25. Noot, ’I'he water fiill continuing till noon ncarly at the fume
, Lat.4r. 53+ temperature, snd our courfe being to the'welt foutherly,
Liong. 65.'33. Tconcluded that our fituation with refpe@ to the fircam
wasncarly the fame as L@ﬂ remarked, this was confirmed

by the paffuge of immehfe quontities of ‘Gulph weed, a

deal ‘of femn- and mucus," with a whale, two or three

fharks, and a fchool of porpoifes in the courfe of the

‘morning ; butin the alternoon we fel) oﬂ fux‘llxér to thg

northward, and at ﬁx P. M. the water was {rom 55, to

53. no Gulph'weed to be feen, and in fpundings of 44

futhoms. - We tacked and ftood fouth at 8 P. M. and [

~was aftoniflicd to find at midnight that the water was heats

‘ed to 6o though the foundings were only 32 fathoms,

Here again [ could account for this only by the influence

of the Gulph fircam, which the Capt. feemed to think

s6ih.  probable, and tacked bo the northward, the wind being

fill at about welt, and by 3 A. M. the thermometer fel}

ta 53. with the famc foundmga, when we again tacked

and flood to the fouthward. I then tricd the heat of the

watc‘rby thethermomcter, regularly every hour, and by

5 P.M. it was up to 63, The foundings then were 46

a7th.  fathoms ;=W tacked and ftood north, and at midnight

’ it was agnin down to 55. a5.3 A. M. to 54. the founding »
thent ahout 35 fathoms; we then ftood fonth when it re~
turtied to Go. . Thus upon three fucceflive tacks cuch way
we cooled or-warmed the water as we were ftanding cither
porthward or fouthward from 6'to 9 degrsess—1 could
only

|
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July 30,
Lit. 40. 25,
?Long. 70, 30,
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only account for this (the foundings varying but very lits
‘tle) by fuppofing ‘that ‘when ‘we ftood fouthward we gop

~ into the warm influenée of the Gulph fircam, and as we

ftood northward we got out of it.  1do not think we gat
into the fiream ifelf, bcc;\ufc [ fhould in that cafe huvc
cxpcctcd thc water to have bcm much wagmer, but pro-
bably we "hve been very ncwr, puh.\ps upon the edge of
it: und perhaps we huve had a henetic inflead of a difud-
vantage, by an eddy welterly current : that we have
been near it, feems pretty clear, for when we warmed
the water we faw plenty of Gulph weed, and the weather
was clear, waen we cooled the water we fuw no Gulph
weed and the weather was foggy. v

Perhaps we may be farther to the weftward than we
think : time and a good look out will difcaver.

Sinee the laft obfervation relative to the fiream and
fnuudibgs, 1 have kept the thermometer going almoft
vcvery hour except when we were flanding off the fhore,
nnd by examining the foundinge nccordmg to thofe mark-
ed in Mr. Des Barres’ chart, T huve rcgulariy traced
them, and if we were to {uppofe that a current was fet-
ting us about one koot per hour to the weltward, the
foundings would ngree very well. ' When in about lat, 4o,
25. we were fanding off fhore, we warmed the water to
64 and got 45 fathoms, this heat 1 account for by the influ-
ence of the fir¢am, it being greuter than the proportion as
to foundings, for in 4o fachoms farther toward the fhore it
was only 60. In looking over my journal from Bofton to
Virginia in Capt. Brace, 1 found that in nearly the fame
latitude the heat increafed in about the fame time from §2.
to §9. but in a fomewhat longer run. Tt was then Odto-
bet, it is now July, and the difference in the number of
the degrees is cafily accounted for by the feafon. By go-
ing more fouth and weft in Capt. Brace, the water was
raifed to 67, when we found ourfelves within the freom,
jt would ut this feafon prububly be upwards of yo. 1 ﬂ‘;fc'

o ' ore
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fore conclude that we arc within the influenee of the heat,
but not the current of the fiream, and I am in hopes to
find that we have had that eddy current in our favour.

Auguft x; Having the land in fight, we are confirmed in the fup~
9 A M, pofition that a favourable current has carried the fhip
falter than the Captain reckoned.

APPENDIX,
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APPENDIX.

NOTES TO THE MARITIME OBSERVATIONS.
R U EHT e
N> 1,
Extral? from the Journal of an Qfficer on board the Britifh

Sbip of war Liverpool, in November and December,
1745, on the coaff of Carolina and Virginia.

WHEN Cape Henry bore NW 160 leagues found
a current fetting to the fouthward at the rate of 10 or 12
miles per day, which continued fo till Cape Henry bore
WNW 89 or go leagues, then found a current fetting
to the NE at the rate of 32 or 34 miles per day, this
current continued till within 33 or 30 leagues of the
land on the above coafts, then it fets to the fouthward
and weftward, at the rate of 10 or 15 miles per day,
till within 12 or 15 leagues of the land.  This current
which is only the eddy of the Gulph ftream, fets moftly
SW or as the land lies.

In lat. 39. g0, founded, and had 65 fathoms, fine
fand, being 25 leagues from the land. In the fame

latitude and only 26 leagues from the land, hadno bot-
tom, with 180 fathoms.

From
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From lat. 3. 30. to lat. 37. o. there are no foundings
20 leagues from the land, but at 19 leagues diftance
there are foundings in 6o fathoms, at 18 there are only
35 fathoms, and from thence gradual foundings to the
fhore.

From Cape Hatteras to Cape Henry, the ground is
fine fand, and to the northward of Cape Henry, coarfo-

fand with fome {hellsamong ite

et CD Q——

Neo- IL -
Extradl from the Fournal of an Officer on’ board the Brivifp
Sbip of awar Liverpool, between 26th September and
oth Oftobery 1775, o

I sae. 45. 43. N long. 21. 20 W from Greenwich,
found a current fetting to the fouthward 12 to 15 miles
per day, which continued till we made the ifland of
Corvo, the north part of. which is in Tat. 39. 56. N and
long. 31. 8. W from Greenwich by celeftial obfervation,
which agreed within 12 miles of the longitude per ac-
count, that being 30. 56, The variation of the compafs
off this Ifland is 18°. 19. W and in failing to the fouthe
ward and weftward, - it gradually diminithed, till we:
arrived in lat. 29. 0. N long. 66. 40. where we had
no variation,

NI,
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Ne- 1L

Exiragt from the Fournal of an Officer on board the Britifb
Jbip of war Liverpool.
ON the 18th of Oltober, 1775, in lat. 42. 4. N long:
10%. 8. W from the ifland of Corvo, itbearing S 75. E
diftant 156 leagues; the fea being theri very fmooth it
was fuddenly agitated into a fhort ifregular fea (Without
any fhift or increafe of wind) fuch as is generally occa-
fioned by currents; and the next day we found we were
30 miles to the fouthward of the teckoning. This cur-
rent continued till the 2ad of O&ober, having then
arrived in lat. 37. long. 13. 30. W. It fet S by W4

W 1% miles per hour

Having a fair wind, and a good obfervation cvery
day, and alfo good aftronomical obfervations for deters
mining the longitude, we had the greateft reafon to de-

pend on the authenticity of the above.
D 3 E— -
Ne- IV,

Extrag from the Fournal of an Qfficer on board the Britifp
Sbip of nwar Liverpooly, Fuly, Auguft and September,
1775,

THE bank from Cape Cod extends almoft as far as
Cape Sable, where it joins the banks of Nova Scotia
deepening gradually from 20 to 50 or 55 fathoms,

G which
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which depth there is in lat. 43.  In croffing the bank
between lat. 41. 41. and lat. 43. the bottom is:very re-
markable; on the outfi de it is ﬁne fand, fhoaling gra-
dually for feveral leagues; on the mxddlc cf thc bank, 4 it
is coarfc fand or fhmglc with pebbie ﬁoncs, on thc mﬁch:
it s muddy with pieces of ﬂu.ﬁs, and decpcns fuddenly
from 45 or 48 to 150 or 160 fathoms.

e 4 G

N™ V.

I lot. 44 54 N bng. §3. 19. ZV on board the Britifb
packet Cheflerfreld, Capt. Schuyler.  Fuly 10, 1790.

THE Captam caught a cod ﬁﬂx, and in u few mmutcs
after it was opencd and gu;ted I put the thcrmometcr
into its belly, the inftrument marked 3 9. when in air it
was §7. and in water ot the furface §2. Depth 46

fathoms.

o la. 43 §2. Nlong. 54. 5. W, July 11, vigo.
'The people caught feveral cod fifh and hallabot, the
thermometer was put into three cod fifh and one hallabot
fucceflively, the inftant they were hauled up, and the
inflrument marked 37. in every cafe. The air was at
57. and the water at the furface was g3. The firlt

experiment
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experiment was repeated after the filh was gutted, and
it then marked one dggree warmer. Ithence concluded
that the difference between the'two experiments was
owing to the time the fih was in the airbeforethe trial,
and that in all the inftances the animal heat of the fith
was about 16°. colder than the water at the furface; and
as it feems natural,. from apalogy o fppafe that ani~
mal heat is at leaft a3 warm as the fluid in which the
animal lives, T conclude that the water at the bottom
was as cold as 37. i e, 16°, colder than at the furface. ' In
a former voyage it was found by decifive experiment,

' that near the coaft in very hot weather the water at the
bottom in 18 fathoms was 12 degrees coldes™ than at
the furface.

Another reafon to fuppofe that the water was colder
at bottom than the animal heat, was the great diftention
of the cods founds when they were opened, although
they had fent out innumerable bubbles of air in the paf-
fage up; the air, therefore, within the found, muft
have been much more comprefled, (either by cold or the
power of the animal) below, than above where it was
at37.  Several fith that had been hauled up to the fur-
face of the water, and then dropped fram the hook,
{fwam light on the furface till they recovered their viva-

city,

* Sce my Journal of & voyage with Dodtor ¥ranklin, in the Londen
Pucket, Captain Truston, ‘
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city, although thcy loft much air in coming up ; the
fpec1ﬁc gravity was thercfore much lefs than at bottom,
and this was" probably owmg to the diftention of the
found. That fith rife and fink in the water, by this
power of increafing and diminithing their bulk, and
éonfequehtl& their 'fpéciyﬁc'grav‘ity, is well known to
naturalifts, butI was pleafed to fee the truth of that
fack confirmed by thefe experiments.

JONATHAN WILLIAMS,

REPORT.
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REPORT.

By Dox Cirriano VIMERCATI,

Direttor of the Marine Academies of Spain.

THE memoir of Jonathan Williams, on the ufe of the
thermometer in the fea, has been tranfmitted to me,
with his Majefty’s orders, that I thould examine it, give
my fentiments upon it, and obtain a correct tranflation
of it, incafe I fhould confider it ufeful—This I have
faithfully executed, adding thereto an exalt copy of
the chart containing the route in which the author made
his obfervations, leaving fome names of capes, iflands,
&c. in the ‘E‘ngl‘iﬂl idiom;l which appeared to me in
moft gex}cfal ufe, and ‘giving’ to othérs, for a fimilar rea-
fom, thofe which had firft been Spanifh, or permanently
fixed or dcn_orxﬁnatcd in that languagé——md from the

judgment I have formed on anattentive reading,

I DO REPORT,

That the experimentsof Williams are made o minute,
fo progreflive, and regular, and fo analagous to thofe
deducible from phyfical principles, univerfally admitted,
concerning the continued a&ion of heat and the diftri-
bgtion of it through all bodies, that they cannot but be

an



42 MARITIME

an additional fupport to navigation, and a happy accef-

fion to the progrefs of the known hydrography.

That heat fpreads and pafles from one body to ano-
ther contiguous to it, fecking as far as poflible its cqui-
librium, is a#fact afferted by the.famous Boerhave, and
fince confirmed and acknowledged by all philofophers.

In this fenfe it is faid, that the coldeft body imbibes
or abforbs a part of thc heat of that wh:ch is lefs fo.
This diftribution is equal, if the bodxcs are perfe&ly
homogencous, and they transfer from the one to the
other equal quantities of the matter of heat® at regu-
lar periods, until the equxhbnum is obtained : Or,’
more flriCtly fpeaking, there is a certain acceleration of ~
‘movement in it when pafling from onc body to another ;
but this cafe, except in fmall maffes, is either rarc; or
does not inkfa& exift in nature.  Yet the effe@s of this
matter and movement, approach nearer to it, in pro-
portion as the bodies in which it aéts are homogeneous.
With the heterogencous, this diftribution is not uni-
form, and the altion of the heat is flower, or accele-
rated in proportion to the impediments which one body
oppofesto another. In fmall bodies the difference is
fcarcely perceivable. This is proved by the experiments
of Mufchenbroek, (Lulof’s edition from No. 1597 to

1600 3)

' C_nléric.
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16003) in very great maflés upon the earth, fof in-
ftance, mountains, or under the water, fuch as large
banks, the difference is very fenfible, the progrefs:with
which this diftribution is made, being more oridefs: flow;,
according to the various denfitics, or other locul cir-
cunitftances, though always drawing towards'the equi-
libfiumic

The abovementioned Mufchenbrock, No. 1602, gives
the two following obfervations, relative to the hieat of
the fea water, of which he treats very lightly, no doubt
from the want: of the fadls to fupport him. a,;’]}?hg:‘ firlk
was taken from Count Marfigli’s hiftory of the fea,
which is, that the water of the occan at the depth of
72§ feet poflefles the fame degree of heat as the atmofy
pheric air.  The fecond is from Captain Henry Ellis,
of the royal fociety of London, who in the Philofophical
Tranfations, Vol. 47, page 213, aflirms, tl}at;marinc
water from the fuperficies to the depth of 3900 fect
gradually becomes more. cold, more- falt, and cqnfca,
quently heavier; but from this depth to that of §346
(as far as he could cxtend his experiments) preferved
the fame degree of heat, that is §3" of Fahrenheit, being
at the furface 84. As to the firft quality of heat,
which is the prefent object, let us compare this obferva-
tion with the hypotheflis of Williams, and with the ge-
neral principle, in order to fee 'wl'xcthé:" it confirms

ot contradiéts either of them.
Bat
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. . But before we go into this comparifon,- it apgears:to
pie proper,. that Ellis’s obfervation may be feen, with

the circumftances at full length, here to give an extract
of a letter from him, inferted in thofe tranfactions, dated
7th ‘of January, 1751, and addreffed to the celebrated
Hales, on hoard;the thip Gownt of Halifax 1o wit, 4 In
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my voyage, being in latitude 25’ 13”. north. and
longitude 25+, 12 weft. I made feveral experiments
with the bucket fea-guage. I charged 1t and let it
down in different depths' from 366'to § 346 feet, and
by means of a fmall thetmometer, modelled by Fah-
renhext s, conftru&ed by Mr. Bird, which was placed
in lt, I difcovered that the'cold increafed regularly,
in‘proportion to the depthis, till it defcended to 3900
feet ; from whence the mercury in the thermometer
cdmc'bp at' §3 degrees; and thought I afterwards
furik it to. the depth of §346 feet, that is a mile and
66 'fccf;"’ it came up no lower.© The warmth of the
water upon the furface, and that of the air, was at
that time, by the thermometer, 84 degrees. I doubt
not but ‘that the water was al degrcc or two colder,
when it eﬁte‘f‘cd‘”thé bdck‘ei, At the greateft depth,
but in commg up, had acquired fome warmth, for I
found thit the water which’ came up in the bucket,
havmg ftood 43 minutesin the air (thc time of wind-
ing it up) the mercury rofc above 5 degrees” Thus

far thc obfervation of El]xs, and he adds: ¢ This ex-

penmcnt
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¢ periment which feemed at firft but mere food for cu~

 riofity; becaufe, in ‘the. interim, .very ufeful to us.
% By its:fheans we fupplied our cold bath, and cooled
our wiiles or‘waterat pleafure, which is vaftly agree-
able to us-in this burning-climate.” He concludes:
Iintend in our paffage to the Weft Indics, to found
¢ a.mile deeper than I have: done; having a-fufficient
¢ quantity of line.. But I cannot attempt your method

* to find the depth of the {ea, for want of apparatus”

"Lo this letter, which Hales communicated to the
focicty, he addcd 6ne from himfelf to the préﬁdc;lt; in -
which he deeribes the conftruction of the fea guage,
ufed in the experiments, and {peaks thus: ¢ The bucket
“ fea gauge whxch he (Ellié) mentions, and which I
“ provided for him, to find the different ~dégrces~6ft
“ coolnefs and faltnefs of the {ea, at diffcrent depths,
“ was a common houfhold pail or bucket, with two
“ heads init, which Leads had each a round hole in
¢ the middle near four inches diameter, which were
¢ covered with valves, which open upwardé; and that
o thcj might both open and thut together, there was a
* fmall iron rod fixed to the upper part of the lower
s val\;c, and at the other end, to the under part of the
 upper valve: fo that, as thebucket defcended, with
“ ity ﬁ}lkihg weight into the fea, both the valves c;faen-
“ ed by the force of the water which had by that
* means a free paflage through the bucket. But

H “ when
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¢ when the bucket was drawn up; then both the valves
¥ were {hut, by the force of the water, at the upper
¢ part of the bucket: by which mieans the bucket was
“ brought up full of the loweft water, to which it had
¢ defcended: When the bucket was drawn up, the
¥ holéut the bottom was ftopped with cork tokeep the
“ water in, when the valves were opened, to come at
% the thermometer, which being tied to an upright .
4 ftick, could readily be nfaftened, by pulling out a
- % Joofe nail, which went into the uppet end of the
¢ f{tick, which was faftencd at its lower eud in the fame
¢ manner. But ‘grcat care muﬂ: bf: taken to make an
«" ghfervation of the degree the mercury Rands at, be-
¢ fore the lower part of the thermometer is taken out
¢ of the water; clfe it would immediately be altcred
¢ by the different temperature of the air. Tn order to
“ keep the bucket in a right pofition there are four
« cords fixed to it, which reach about three feet below
“ it, to which the finking weight is to ”bé; ﬂxéd.”

Thus far Doftor Hales. I have, out of compliment
to the ~ingenu’ity' and fimplicity difcovered in this inven-
tion,- digreffed for the purpofe of introducing thefe
extradts.-

Having now come to what may be deduced from the
abovc obfervatxon, on comparing it thh thofe of Willi-
ams, aswell as with the general principle of the com-

mumcatxon
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munication of heat, the following are the refult: The
experimént recited by Williams ' (appendix No. V.) is,
that the water being at the furface §2 degrees of the
fame fcale of I‘ahrcnhe:t, and the depth, by founding
46 fathoms, the thermometer introduced into the belly
of a fifh indicated a heat of 37 degrees, which might
prdbiblfr be confidered as nearly the degree of the
warmth.of the water at.the bottom. The difference
between it and that at the furface arc 15 degrees, and
this was 5°. lower than that of the atmofphere, which

was at 57% -So that whether the bottom abforbs the
heat, according to the gcncral principle, or whether

the air, communicating itfelf more flowly in proportion
as the water is deepened, it fucceflively becomes more
cool ; from one of thefe caufes, ox\-‘;f;om‘a é;:;ﬁbindtiqn
of both, arofe at 46 fathoms deep, the difference of -
15 degrees, with refped to the furface, and of 20°
with refpe& to.the air. Dut in thefe differences arife
a notable diverfity, compared with. that refulting from
Ellig’s obferyation, Becaufe, -

. The air and the fuperficies of the water were of
equal degrees of warmth,

2. The 3900 fect, which may he fuppofed to be near-,
Iy 650 fathoms, the difference of the fuperficiesand of

the air, and the greateft depth of the water wag 3§
degrees, '
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- . From that to g346 feet, or nearly 89o fathoms,
g5 far as is afcertained by Ellis, theheat was the fame,

Notwithftanding, on examining the circumflances, .
of -both obfervations, I meet with no great difficulty in
reconciling them; and conceive, that the variations may

be attributed to the fame caufes, diverfely combined.

In that of Williams, the latitude was44%. 2. north,
nnd the time, the rith July, in which the atmofphere
is lefs’ warm than at the end of fummer.” That of Tllis,
wasin the middle of the torrid zone, and the time not
exprefsly determined; and though the date of his Jetter
5¢ the’#th of  January, which, in that latitude is onc of
the winter months, yet we colle@ from the ufe made
of the cold deep water for bathing and cooling liquors,
that the feafon was exceedingly hot. This, together
with the frequent equinoxial calms, and the confidera-
ble part of the year during which the fun continucs
perpendicularly over thofe c]im}ttes, muft produce litt)e
or no difference in the circumambient air and the fur.

face of the water..

And if in July, and in latitude 440. §2'. riorth, this
difference was only 5 degrees, it is not extraordinary if

it fhould be infenfible near the line,

Befides, the difference in the fuperficics of the deep
water, is from 15. to 16. in that of Williams, and 31.
in



OBSERVATIONS. 4

in that.of Ellis; whicly is the-double of the former, and
the depth of the Jatter fourteen times greater than in the.
obfervation of the othe}n Hence it appeara-thé, refalt
fhould be, that the cxcefles of the cold preferve. a.due
proportion to that of the depth. In fuch café the excefs
of the heat at the furface; beyond that of deep water,
mult’ he’ fourteen: times - greater in one: obfervatioh
than in the other. - The water under the line; and
‘in the depth of 3920 feet, inftead of being at g%
above the naught of Fahrenheit, would be 126° under
this’ limit, which is 1260, colder than chat produced by
the mixture of faow and fal amoniac ; and the mercury
(were it not prevented from arriving at this depth from
the water’s. being much. earlier converted. into. the
harde(l ice) would mark -that degree. But this point
might be cxpected whengver there exifted a concurrence
of all the other circumftances ;—and if the waters of
the ocean were heated by the warmth of the atmof-’
pherc and the fun alone, then the diffufion of this hear
would decreafe in the water; in’proportion to its depth,
and in high latitudes and climates confiderably cold,
the fea would always frceze in winter, not onlyon the
furface, as in rivers, but in its whole depth: This
‘being a neceffary confequence of the general principle
in this cafe. Buyt fuch a cafe does not exijft : Becaule,
although one of the general caufes of the heat of the
earth and of the water of the ocean, is the alion of

the
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the rays.of the fun, which crofs the atmofphere, there
ts doubtlefs another concurring with it, which is the
ifiternal Beat of the globe, fupported i)y fubterraneous
Bres, sand the principle of heat put in action, .and vari-
sufly diftribated. throughout .the mafs: - And perh aps
fome rother caufe, of which we are ignorant. Al
thefe modified in an infinite variety of ways diffufe the
heat as much as poﬂiblé through:every part, and where
it{;m}gets with oppofition, ot does not fufficiently per-
vade the” matters to maintain heir refpective fluidity,
there remain congealed. '

" In the cafe of which we treat, 31 degrees of heat,
diminifhed from the furface to 3900 feet, in a latitude,
in which, from the refpective pofition of the fun, the
heat of the' %tmbfplze;:e and of the {urface was™ very
great, argd {houlc‘lki'ary but little in the cqual alternative
of days and nighfs; ‘whenge the bottom which might
_abforb it and augment the cold, was yery far diftant,
accounts, nearly, for the diminution of 15 degreesin
# latitude of 44° g2’ and wherein by the {mall depth
the bottom abforbed a:great . part. This diverfity of
circamflances manifelts, fufficiently, tha‘t the cold muft
mgmexﬁt in 46 fathoms. or 296 feet, in a proportion
gnany times greater than that t9 which it augmented in
. ﬁ‘gn fathoms, or 3900 feet..

The
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The diﬂiéulty’ of explaining the conftant tempcrﬁfufc
of the water at §3° from 3gq0 to 4346 feet, is greater;
and it Cannot be denied that the. 'phéhdx’h’eimﬁ“has
fomethmg fingalar in it; in cafe it be afceréained: that
the thermometer cffeftively falls to that depth j nor

fhall 1 attcmpt to ¢xplain it, as nothing could be urged
but” upan general ‘prineiples.

However, the above obfefvations do not deftroy the
experiments and hypothcﬁs of Williams. For when
the thermometer is ufed in feas 1mmcdmtely under the
lme, the fafts muft be viewed in relation & m"lmi ] ofi-
tion, which may be very different from thofe we have
feen in the voyages of that obfcrver. In thcm it is
ftatcd, that at. ﬁmdry periods of thie year the htat of
the water on the {urface and that of the air were dif-
ferent and proportionate to the influence of the {Lafon ;
but the difference between them was refptéhvcly the
fame in the fame lntxtudcs, and '1lways very fenfibly
indicated the vicinity of banks and coafts.

Under water this difference was infenfible at the time
of Ellis’s obfervation, in a fea of greatdepth. What
thiswould be in feas interfperfed with eminences, banks,
iflands and channels, or encompafled by thc‘wa(_lsfin
the {ame l.nitude, who cou‘ld decide unlefs h‘e'(ewréfe to
take experience for his gmde For the temerity would
be great to apply to this pofition of the globe that
which has been obferved in very diftant latitudes.

Tor
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Forithe fame reafon I do not fpcak of the experi-
ments of Marfigli, already cited, becaufe, they are not
circumftantial, ‘and not having in my hands his Liftory
of the fea, I can form no conclufion upon them; and
* what he does fay, if it be certain, is that it neceffarily
dcpcnds on local caufcs, about which one cannot cven
hazard a con)caurc.

Fmally, from all that has been faid, the refult onthe
memoir of Wﬂhams, m, tl\at the apphcatxon of the
thermometer, to navmganon, is a happy acceffion and
an additional aid, which, from the facility of its ufe,
it might be expedicnt to promote, but being in its
infancy, ‘and hitherto confined to experiments made on
a contratted fcale, it would be proper to extend them
to other climes and feas, in order to perfe& the fame,
{o far as to notice thé‘d'cviations, and from them to
form tables of the refults, together with rules accom-
modated to the various feafons of the globe. A fimilar
plan was begun on the variation of the needle, whence
to form charts, which might ferve for determining,
nearly, the longitude by the known change.  This pro-
je€t, however, being fupplied with advantage by other
means, has been abandoned from the deviations obfery.
ed in the lines of variation. According to the idea of
Williams, probably this ought not to have happened.
The faéts obferved in a certain limit of {ea, and lati-
tude, will always be the fame, with the ﬁnglé difference,

arifing only from the diverfity of feafons.

The
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The celeftial obfervations, which give the pofition
of the thip, will never give the depth of the water or
notice of approaching danger from an unknown coaft.

In fine, in a matter which is of fo much 1mport~mc=‘
to humanity, the hght mamfeftcd in this memoir
fhould be purf{xcd whiltt it remains unobi'ervcd by a

. multxphclty of utegularmes, o?" ether oﬁﬁacles which

would render the purfuit xmpoﬂible.

(Signed) CIPRIANO VIMERCAT]I,
Diresior of the Marine Academies.

Isue or Luox, 20/h Die, 1793
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A Tbermometrwal}’aumal qf t/Je temperature of the atmef
' _pker nd ﬁa, on o wyagt tb and from Oporto, awith
" epy ﬂatarj; éb/'?;vaizo;ls rlwem Iwaletkr ¥ Divin
Rirresnoust, L. L. D. Pnfdmt af the dmerican

Philofophical Sacwt_y.

an,

'H'liéad Sept, o
a1ft, £792. ON the 15th of Junc laft Capt. William

Billings -of this city, - comitander of the fhip Apollo,
prcfcntcd the journals of his'voyages to and from Opor-
to, for the infpedtion of the American Philofophical
Socicty. As they were not accompanied by any expla-
natory memoir, T hm{c extraéted from them what alone
differs from fea. reckoning in general, and inclofe a
thermometrical journal of the temperature of the atmofa
phere and fea, which evidently-appears to be the objeét
of the communication.  As it was proper to fhew that
thefe obfervations were not imaginary, and had arifen
in the courfe of his voyages, Capt.ﬂ Billings: prefented
his whole journals, confifting of 73 pages in folio, with
all the detail of a log book, which in original are depo-
fited among the fociety’s papers.*

As
 The temperature of the water was tried feveral timesevery day, but

in this extract it was thought proper only to notice the importit changes
a fucceflion of fimilus refults being thought unneccflary.
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. As the ,cxpcriments of this intelligent navigétor, ap-
pear to be repetitions- of thofc T'made near two years
before, which are related in my memozr, page- 1 s 1 bcgi
leave fo make the following obfervations on them:

By thefe journals it appears that in June, ‘1791, the
water on the coaft was at the‘tcmpemturc of 6x°by
Fahrenheit, .and  in. ,thc‘*(;ulph ftream at 77" By my
journals it wﬂl bc fgundﬂ that in No x%ief;‘ '
water on the coalt wasat 47°. and i in the Gulph ftream’

at 70°. viz.

By Capt. Billings,
1491, Juae, coaft, 6:
do. ﬁrcam, 77

"{ By my_experiments
1789, Nov. coflt, 47
do. ftream, yo |

et —— ¢
19

do; ftream wan\per:.;z do. l‘iregmwa{n}}gr,z 3

Hence it may be concluded that although this dikﬂ'e‘r—m
ence of heat is more remarkable in winter than in {fum-.
mer, ‘yet it is fufficient at all times to guide navigators,
fo as to take the benefit of its current in going from,
and to avoid its‘opgoﬁtion:in coming, to-Amierica. -l
the latter cafe, it. has- this additional convenience. in:
correting a reckoning 3 for if a navigator can, by this
means, know the moment he is within the ftrcam, he
knows at the fame moment his relative fituation as to the.
coaft; and if, by repeated experiment, this mode of cor-

retion thould be found folid, it amounts, in effe@, to
a
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a ccrtamty of thc long:tudc, ttbz precife time whcn
it xs ;mpomnt to bc accurate.

Capt Billingé'é courfe being nearly along the ftream,
he found only fugh alteration in the heat of the water as
may be accountcd f{or by tbe poolmg of the &rcam 1tfclf,
in its courfg to thc northward, till he came to late: 39-0
N long 56.0, W (a-breaft of the banks of Newfound-
' land) when the m’crcury fell IO° Do&or Franklm, in
November, 1776, on board of thc Repnfal, in Iat 41
N, longs.46. W, found about the fame difference 5 but
the Reprifal had kept a courfe farther fopth and came
into this cool water in 2 NNE dire€tion; while Captam
Bxlhngs bemg fgr:h;r qo;th, came, inan ea{EcrIy direc-
tion, and of courfc might be as much within the influ~
ence of that chain of banks which extends from the
longttude 45. W along the American coaft, asthe Re-
prxfal was whcn fo much farther to the eaftward. In
November 1789,‘I.f’ound the fame difference in lat. 0.
N long. 49- W, after failing in a dire@ion about NE;
and a line being drawn from the place where Captain
Biilihgs’s change happened, to that where Doctor
Franklin’s thermometer fell, (in a dire@ion about ENE)
would ncarly interfe@t the placc where I obferved the
fame alteratxpn : thxs is about the {weep of the banks,
known by fregx;gnt foundxpg, as will be found by con-
fulting the heft charts.—Py the coincidence of thefe
three }ourngls‘? at fo great 2 diftance of time, and with-

out
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out any conneftion with each othet, this important
fack feems to be eftablithed. “ud wavigator may difeover
his appraad: towards olycﬁ’: of danger, when be is at fuch
a di J}am'e as to be able eafily to avoid them, by atteritively .
examining the temperature of the fea.

After having paffed the banks Captain Billings foundﬁ
but little difference durmg 18 days fuil, till he came
near the European coaft.  The fame uniformity appears

in my journal on a voyage to England, page 23.

Captain Billings found the water to grow cooler three.
days before he made the land, and the mercury fell gra;
dually from 63. to 6o". when the land appeared : This
was in June.  In November I found on approachmg the
Englith coaft a gradual fall from §3.t0 48" and then v we
ftruck foundings. Here the difference between the fea
and coalt water was in both cafes the fame, though thc
heat of both varied with the feafon.

Returning from Oporto, Captain Billings marked
his approach to, and departure from the weftern iflands
by the changes of his thérmometer, but in this cafe the
difference was fmall; becaufe, owing to the climate
and {'izc of thefe iflands, the land cannotbe fo cold as
a northern continent naturally muft be. Indeed, the
ufcfulnefs of the thermometer fecma to be applicable tb
the more dangerous fituations, and not to-illands in
warm climates; I fhiould fuppofe, for obvious reafons,

that



that the changes would not be great about the. iflands
fituated between the tropics. .. The fhore of thefe iflands
is ancrally bold, and the land being very high, may be
fcen at a great diftance. The climate is not fubjeck to
fogs, fnow ftorms, iflands of ic_é, leng nights,” &ec. {o
what, except hurricanes, (whi‘clif’r'afe more fatal to fhips
in poft than at fea) there feems to be but little danger in

fuch navigation.

After leavmg the weftem 1ﬂands, ' Captain Bxlhngs.
ficered to the weftward, bemg in nearly the fame lath‘
tude on the 3oth (37°.44°. N) that he was on the 17th
of Augaft.” (37° 53°.N) But during the intermediate
tifhe hie"was driven; a8 winds prevailed;-in-a zig zag
courfe, as far north as 39° 4. N, and as far fouth as
35° 26. N. It appears alfo dux’thg this time that his
thcrmometcr varied from 19, to §°.5 but it is to be re-
marked that there is a medium in. his thermometrlcnl
variations anfwering to the medium of his latitude.
‘When he was in 39°. 4. the thermometer marked 75°.
and when in 36°. 26. it alfo marked 75°. but when
in 389, 12. tt marked 75°. Now confidering that he
had the warm influence of the Gulph ﬁrcam to the
northward, and that the occan water to the fouthward
mufl naturally be warmer than that morc north, out of
the fircam, there feems to be. 3 pnrfe& agrecment. bc-
tween theory and fa&t with regard to the ufefulnefs.of

the thermometer in difcovering the courfe of this cur~
rend,
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réxlt The fame thing occurrcd in the courfe of My
paﬁ‘agc in thc Tiondon pac‘ket ‘with ' Db&6r Franklin,
(feé Vol. 2, phge 329, of the Trmﬁ&mﬂs of this Soci-
c1ety) in Juné 178z, The mean there was 73, whilk to
the northward and fouthward the thermometer matk-

ed 77.

" Returritng towards the coalt "of Anieeidh" CAptiin
Billings difcovered his paffage acrofs the Gulph fiream
by a fudden fall in the mercury of 5°. from noon to

imght, and gbout go. farther weft, by a further fall in
the fpace of 8 hours run, he’ énfcovered ﬂic coai’c,
where he got foundmgs, before he faw the Jand.

" The ufcfulnefs of ‘the thcrmcmcter as a nautical in-
“ftrument is riot ¢onfined to the difcovery of an. apptoach
towards objects of danger known to exiff ; but it may, if
attended to, ‘dilcover others mot at prefent fuppofed to
exiffy againtt which a mvxgator cannot be on his guard.
Several charts, particularly one 'madeé.byGovernor Pow-
“mally in «septemb\er,ufysy;*painrouﬁééks abd breakers
in the middle of ‘the ocean 3 fome are {zid to be unéer-
tain, others have been feen but once, and preferve the
“rtames of their {uppofed difcoverers. ' Thefe falls are
‘ ‘generally doubted, and by fome mariniers have been
ridiculed ; but it fhould be confidered that in every in-
ftance where ithe difcovery of thefe hidden dangers have
* been fatal; no dhe'éould efcape to tell the melancholy
tale,
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. tale, . and furely the number of miffing {hips juftifies

_ a conjeure that fuch misfortunes have happened, and
ought to influence every navigator to make accurate ob-
fervations on the temperaturc of the fea dufihg the
whale of his voyage. -

A gentleman of undoubted veracity related to me
fome .time fince, the following faét, which I mention
. on account of its aptitude to this fubject.

_On a voyage from the Weft-Indies to England, the
{mall vcﬂ'ci he was in, touched at Bermuda. On leay-
ing that ifland, having fine weather and a {fmooth fea,
they {ailed along-a ridge of rocks, fecing the bottom
very plainly all the time, till the ifland was out of fight ;
.-in this place they fpoke a large fhip, the Captain of
which,. had noidea of his fituation 3 he had not noticed
the bottom, and was failing in full confidence of being
far from danger. On being defired to look over the
fide of his fhip, the whole crew was in the utmoft con-
fternation, and hove the fhip too, withall her fails fet.
He was foon informed of his true longitude, and took
a new departure. . Had this Captain kept a thermome-
trical journal he would not, probably, have been fo
deccived, and had he at this time been in a gale of
wind, his error might have been fatal.  Every body in
~ this city remembers the dreadful cataftrophe of the fhip

~ TFaithful Steward, which was loft on this coaft, with
near
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‘near 500 pcople on ‘board, about feven )cars fmcc.
The Cnptam was o furc of havmg {ufficient fea room,
‘that he did not think of founding, thc wcathcr was
“not boifterous and had he known his fituation he mxght
A‘have flood off during the night. But fearlefs of a
danger he did not know, hc ftood’ on with full fails,
and was in an inftant 10t ;° T think there Were" not above
twenty fouls faved. A thermometer regularly ufed
would have given warning in time, and probably have

faved thefe lives.

The impreffion fuch events have made on my nﬁnd,
has induced me to be thus particular, and I the more
rcnd{ly do juftice to the judicious example given to other-
Captaing, by Captain Billings, becaufe I think thé ‘oba
fervations of a mariner, are more likely to be attended
to by mariners, than any inflru@ion given by a land(-
man. I think befides, that the merit of Captain Billings,
ought to be rewarded, by’a publication of his laudable
conduél, that he may enjoy the reputation to which he
is juftly eatitled. '

Lam with great refped, Sir,
Your moft obedient and
Moft humble Servant,
JONATHAN WILLIAMS.

One of the Secretaries of the Amevican Philofophical Society.

1
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A Thermometrical Journal of the temperature of the atmofphere and fea, -
on a paffage from Philadelphia to Oporto, in the Ship Apollo.
By Captain WiLriam BiLuiNas.

Dates Places in at Noon, “‘Cemper., of
¥ ‘Time, :

1791, Lat. N, Long. W. | Air. {Watcr.

June 6 - . Sun rife. ©.38 56 sy . 61

2 .M. 38 38 74 28 66

Sun fet. 63 66

8 10A. M. 0

Noon, 37 18 7% 34 75 7%

10 Noon. 38 3 68 49 73 77

11 Noen, 38 st 65 §7 66 { 75

12 Noon. 39 2 63 2% 7t 7t

14 Noon. 39 11 56 48 62

15 Noon. 9 37 5343 71 6s

July 2 Noon, 40 16 15 g4 68 65

3 Noon. 40 8 13 23 68 6g

4 Noon. 40 28 1 13 68 63

5 2 P. M, 68 63

7 P. M, 60

- B.A M. PR . 57

Noon, 55

Nores.

June 6. Off Cape Henlopen.—N. B, The thermoncter is on Fahren-
heid’s feale and the longitude welt from London, —The days are reckon-
ed to begin at noon and to end at the fucceeding noon according to the
ufage of navigators,

June 8~x0 A. M. Belng the firflt alteration in the heat of the
water after leaving the coaft, it is fuppofed we entered the gulph
fiream.  The courle is not acrofs, but rather slang this current, fome-
what diagonally howcver.

June to-=noon. Ttis fuppofed we are in the middk ol the Gulph fircam.

June 14==noon. This fudden fall of ¢°. is fuppofed to be owing to tha
influence of the banks of Newfoundland which bear about N.

From the the 15th of June to the 2d of July, the variations in the heat
of the fea water do not exceed two degrees, they need nst therefore
be noticed,

July 4. The water appears to have changed colour,
July s~ P, M. Land in fight, but frequently obfeured by fog.

July 6—8 A. M. laud diftant ahout 6 leagues,~Naon, Land diftant
about 2 lcagues, being the high land of Braganea Nova,

A
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A Thermpmetrical Journal of the temperature of the atinofphere and fea,
ona paflage from @porto to Philadelphia, in the thip Apollo,
By Captain Witniam BirLinas,

. Places 1 at Doon. Temper, of
Dates, Time. T
1791, : Lat. N. |} Long. W. Air. [Water.
Aug. 4 10 A. M. 57
Noon. 4 7 9 2 6o
s Noon. 40 39 13 69 61
6 8 A M. . ] : -} 6p 1 65
Noon. 4035 15 76 J+69 |2 67
7 10 P. M. 40 29 20 24 6 43
8 Noon. . 40 24, 22 1 Gy 68
9 Noon, 4t o 23 49 63 63
10 Noon. 49 13 22 39 638 63
1L Noon. 38 42 24 0% 69 71
10 P, M.. 70
: Midnight o 69
12 Noon, 37. 87 24 3% 72 70
14 Noon. 38 45 27 7 23 7%
15 2P, M. 72 70
Sun fet, 7% 69
‘ Sug ri(\/'?. o 68
1 2 . avl, 2 1 (o]
. Bun fut. 3;, 4 ?7; 5 g 73, (Z:
10 P. M, i ' : 6
Midnighe 6y
Noou. 37 53 %7 20 73 74
17 10 . M. 70 7%
Noon, 37 7 27 39 73
18 Noon. 36 36 28 44 Kk
19 Noon. 36 9 39 13
20 Noon, 36 26 3¢ 3l 74 75
21 10 P, M, 74 74
10 AL M, B 70
) Noon. - G9
22 Noon, 38 24 36 48 69
23 Noon. 38 43 38 4y 74 7%
24 10 P, M, 38 43 a8 49 74 ] 7
Noon, 38 44 41 3% 71
25 Noon, 3 o4 44 17 78
26 Noon. 38 56 46 44 75
27 { Noon, 38 12 30 Jo 70
28 Noon. 37 2 Si o 15
29 Noon. 38 '8 52 31 74 74
30 Noon. . 37 4 $3 a0 74 78
3t xlo\J .M, 7% go
‘- oon, 39 20 20 9
Sept. 1 Noon. 437 AL gi 7 7% 74
2 Midnight 92 7
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A Thermometrical Journal of the temperatnre of the atmofphere and fea,
on 2 paflfage from Oporio to Philacelphia, in the fhip Apolio.
By Captain Wirrzam BiLLinNes.

 Continued. )
. Places in at Moo, Femp,
Dates. Time. ' '
1791, Lat. N. | Long.W. | Air. [Wafer.
Bept, 2 Nonn, 40 57 55 26 70 7%
3 Midnight 71
Noon. 40 6 5 s 70 73
4 Noom. 39 10 9 1h 74 74
5 Noon. 3y 17 6r 1rx 74 76
6 Midnight 77
Noon. 40 6 63 20 74 1 78
7 Noon. 40 36 (A 75
2 Noon. 40 1 - 67 23 3 77
[ 100 P. M. : 71 A
Midnight 72
4 A M. "1
Noon, 39 29 7T 1y 73
x0 Noon. 39 19 72 8 73 73
1 Noon, 39 4 72 13 74 75
iz Noon, ) B 57 1 23 %1 74 74
13 Noo. 38 53 92 31 74 75
14 Noon, 39 2t 73 3t IA 73
15 6 P. M. 74 | 6y
A, M. 68
Notrs:

Auguft 4—10 A. M, Port barr : heuring BSE diftant 7 leagues.

Auguft 10,~DBut abput half of degree difference of latitude for thefe 5
days paft, and Jittle or no change in the temperature of the fea.

Aunguft xy—noon, 1 and § degree fouthiug water 3% warnier g P,
M. made the ifland 5t. Michacl; ifland, dift. 4 leagues, tacked and
ftood off.mws A, M. tacked and flood to the focthward,

Auguft 15+~4 P. M. Made the ifland Tercera,

Auguft 16==Sun rife. Near Tereera, St. George's, and Pico in fight.
~10'P. M. Clofe in with St, George’s.

Auguft 17—=noon. Land ont of fight,
Sept. 6~~Midnight, 'I'his rifc indicates the Gulph fircam,

Sept. g—10 P. M. ‘This fall indicates the weltern fide of the Gulph
fireams .

Sept: 15—8 A. M. Sounded in 28 fathosms.

DIRECTIONS
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« Diligence and Attention are the parents of good luck.”
PLoor Richard,



"ADVERTISEMENT.

'+ THE awriter };;e;}i:;‘tb"]j)}dk» 1o ALL Navigatdrs ; it
is boped therefore, that thofe who find the following
direftions unneceffary, will pardon. the vepetiticn of what
they well underfland, in confideration for thofe who may

ot be fo well informed. 3
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DIRECTIONS TO NAVIGATORS.

a4 oanal

TAKE‘ with you - at lealt -three  thermometers, -for
fear of accidents. - Let them be kept in one place fomme
days previous to your failing, in order' to try their uni-
formity, ‘The platc thould be of ivdry or metal, for
wood will {well at fea, and ‘as the glafs tube will not

yicld, it is for this reafon very liable to break’; bell me-
tal is the beft.  Let the inftrument be fixed in a fquare
metal box, the bottom of which, as high as the mark 30°.
fhould be water tight, fo that in examining the degrec
of heat, the ball may be kept in the water; the remain-
der of the length fhould be open in front, with only two
or three crofs bars to ward off any accidental blow, like:
the thermometer ufed by brewers.  Fix one infirument
in fome part of the fhip in the fhade, and in openair;
but as much out of the wind, and in as dry a place as
poflible.  The after part of one of the afeer ﬂwnchxom,
under the quarter rail may anfwer, if no better place can
be found. '

Let the fecond inftrument be neatly flung with a fufs
ficiency of line to allow it to tow in the dead water of

the wake.
Put
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Put the third away fafely iﬁ your cheft, to be ready
to fupply the place of either of the others.

‘When you make your obfervations, begin by noting
the ftate of the air from the inftrument on deck. Throw
the other out of the cabixﬁnrih&ow, and let it tow two
or three minutes, then draw it up and examinc it the
inftant you can bring it to your eye, with the ball filf in
water, and note the degree: This is a,ncéeﬂ'ary precau-
tion_for the mercury will foon fall when the thermome-
ter is wet, efpccially if expofed to any wind. When
you cxamine the water at night take carg not to heat
the;i;‘;&r‘qment» by a eandle\whic}}\ thould be always in a
lantern; do not touch the tube, nor breathe upon it,
while you examine it; leaft you fhould communicate
heat by the touch, or take it away by caufling an evapo~
ration, which is the effect of blowing upon a wet ther-
mometer..

Endeavour to make all your experiments in an uniform
manner, do not try the water onc day out of the cabin
windows, gﬁbthcr over the fide, orin a bucket; but
keep to one fteady rule; it is not fo material which way -
you do it, as it is to do it always the fame way., Ifa
bucket be ufed let it tow long enough to take away
its heat, for the cook may have had it {ull of hot

water,

Pay
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Pay conftant attengion to the changes in the tempera-
ture of the air, and compare them daily with the changes
in that of the water. This will account to you for the
altc:jgtxons on the furfacc of the fea, (efpecially in calm
her) whmh uaturally follow the alterations in the in-

cumbent atmofphere : The dxﬁ’crence between decep
wal | foundings will, under the fame, temperature
of the a:mofphcrc, ftin be the famc. _ If ‘when in open
fea, you fhould pcrcexve a fmall changc in the water,
without being able to account for it by an alteration of:

lautude, or of the ‘weather, you may fufpect a current
from the northward if'colder, From the fouthward if

warmer ; and as circumftances may permit, you will do

well to afeertain it.

Comparc your obfervations from time to nmc wxrh
thofe mentioned in the journals and’ notcd on the chart,
and if you find any difference when in thg fame fituaa
tion, repeat ynl‘xyr:qiﬂzpériﬁ)cnts,‘ fo as to be fure that the
error is not on youf fide. P

TR

Although it is bt pretended to give accusato ac-
counts, from the few experiments that have bea made,
it is prefumed: that the following will be found near the

truth.

On the COAST of EUROPE ,
From the ch'mnel of England to the Tagus it will be

generally found, that the water over foundings is about
L. three
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three degrees colder thar at fea: And that the firft fymp-
tom of foundings is'at a great diftatice from the land, for
the coaft (unlike that of America) :'zpprbach‘csfrdm’ an
imperceptible ciCpth to foundings fo g’r‘adﬁzilly that it is
nidt eafy to fay when you canget the ground. -~ But were
ou to approath Wi vocke of Béilly, Welters éoaft of Ires
land, Orkneys, &c: the alteration would probably b
fudden‘and verydecifive;

~ On the COAST, #NQRI}E,}@MLRICA- .
" At the edge.of the Grand bank the wateris 5 degrees
colder than the deep ocean to the caftward. . The high-
efl part of the Grand bapk is,1e.. colder flill, or 17.
colder than'the' oceanecaftward:”
. As the banks dccpcn between them and the coall of
Nova Scotla, the water grows. about 60 warmcr till you
gct quite. thh;n them, ‘whcn it rlfcs to about the temre-
rature, of the deep ocean thhout 3 on foundmgs the
mcrcury will again fall to the tempemturc of the i inner
b.“ks. So that in coming from the eaftward a fall of
“§o. wilkindicate your entrance on-the edge of the Grand
Banky a% a further fall of 109, willindicate your being
infoundings:. Pafling the fummit of the banks a rife of
6°. will fhow the weftern edge of the Grand bank, and-a
further rife to the temperature pof the deep ocean with-
out will mdicatc the deep water thhm the banks.
W hs:n the mcrcury falls again to thc tcmpcraturc of the

imer banks, you firike foundmgs on the coaft of Nova

SCOtIa.
An
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.. An important obfervation occurs here.  The ifle of
Sable is a little Abaq]‘c.ipf; fand above {yater, which receives
heat readily from a hot fun and communicates it rapidly.
to the fhoals under water, upon the principle mentioned
as to larid- locked places.® If therefore you come too near
that ifland in hot weather the thermometer will proba-
bly* vary from thefe rules; In' that ‘eafe yout' ‘may .get
bottom. If héwever, the previous obfervations are well
made, you need not be in danger, for you can by your
meridian altitude, ﬂnpc your courfe as far to the north-
ward or fouthward ag’ you choofe.

On the coalt of New England off Cape Cod, the wa-
ter out of foundmgs is 8% or 10° warmer than in found-
ings, and in the ftream it is about 8° warmer Rill: So
that in coming from the eaftward a fall of 8 degrees,
will indigate your leaving the ftream, and a further fall
of 8 degrees, willindicate your being on foundings.

On the coaft from Cape Henlopen to Cape Henry,
the water out of foundings is § degrees warmer than in
foundings, and in the ftream about 5 degrcé% warmer
fiill: So that in coming from the eaftward .a fall of 6
degrees will indicate your leaving the ftream, and a
further fall of ¢ degrees will give notice of foundings.

By this fort of comparifon a Nawgator may readily
afcertain when he le'wcs the ftream and enters on
fmmdmgs
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/i:ouridi‘ngts'f It is not prefumed to fpeak pofitively as to

the degrees, cxcept where it has been proved by ex-
f’erimcnt.'

A {hort txme ﬁncc, the wntcr met thh an excellent
meteorological work, enmled d An ef’umate of the
temperature of different Jatitudes.” "By Richard Kir-
wan, Efg. F. R. 8. a celebrated Engh(h phllofophcr,
who has enriched the f\;nd of fcxence thh feveral ufe-
fpl works, It is dxﬁicult to mnke an exxra@ from thxs
book wuhout injury, becaufe the whole is fo intereft-

ing, that to do it juftice all fhould be read.

“The’ notc Dis i“ubjome“& 15 ‘hew how ncccﬁ'ary it is
to combine a Lnowlcdge of the fea with that of the
atmo!’phcre, and to {timulate Navxgators to make nu-
merous and accurate obfervations.

' On CURRENTS, &

As to the courfe of the fiream, its.eddy and other
currents in the Atlantic ocean, it is proper to quote the
teftimony of others, before conclufions are prefumed
tb be drawn from the writer's own obfervations.  To
';ﬂacc thefein a clear point of view, arrows are made on
the chart indicating the names of the obfervers. Thus
the arrows L mark the currents defcribed in ‘the ex-
traéks of a journal kept on Board the Britifh fhip of war
Lwc\'pool, in the appcndxx, page 35. The arrows T
mark the cddy within the Gulph fiream, mentioned by

Capt,
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Capt. Truxton in the fubjoined note' A.~ The arrows
G mark the currents obferved by Sir Erafmus Gower of
the Britith '{hip of war Lion, ac‘éor'din‘g to: ﬂx’gfnotcs‘B
and C; and the arrows ‘M mark the currents obferved by
Capt. Mackintofh of the Englith Eaft India company’s
hip Hmdoftan, according to note C. ‘The otherarrows

are takcn ‘from the obfervations mmtmucd*"iﬁmc- ‘
; "omg Jourmﬂs thh the coneurrence of the C’aptmns on
board of whofc fhips they were made.

. With, thia“tnﬁamony ,befnrg ¥5 and with the. autho-
rxty of Do&or Franklin for the accufulation of 3 Water
by the power of Ateady and uniform winds, Jct us turn
o@f ;irtcntion to the tropical regions.

The diarnal revolution of the glblae,"‘ would ﬁa'turally
caufe an apparent current of air from the caftward, if
there were no other caufe, for the atmofpherc not
being abfolutcly conﬁned to the furface, does not fo
immediately partake of that monon. .. This is more
fenfible 1bout the equntor, not only becaufc it being

the largc& circle the diurnal motion His greater there,

but the various caufes: of wind in cvery dxre;ﬁhong do
not exift fo ftrongly in the torrid, as in the temperate
and frigid zones. But there conﬁantly exifts a_caufle:
of -wind from the north on one fide, | aud from thc
fouth on the. other fide of the line whcrc the fun is ver-
gical, owing to thc rarifaction of the air by heat, wluch
thc
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the air from the northern and fouthern regions is con.
ftantly rufhing in to fupply. Itis a fall well knowﬁ to
all Navigators, \that the fouthern trade winds are com-
pofed of fouthern and eaftern breezes; and the north-
ern trade winds are compofcd of nor;hcm and eaﬂ:cm
breezcs; *whcn thofe are of cqual ftzength, the: wmd
blows cxa&ly NE on one fide, 2ud SE on the other
fide of the before mentioned line.  But at all times it

blows between thefe points, except in cafe of a tornado
or hurricane: Thefe winds accordmg to Doétor Frank-

lin's obfervations, force the water into the gulph of

Florida, which iffuing thence round the cape and
through the Bahama iflands, make our Gulph ftream. -

This water fo driven from the caftward acrofs the
Atlantic to the gulph of Florida, muft leave a vacancy
for other water to be conftantly coming in to fupply its
place. Do we not therefore find that the fouthern
currents marked by Sir Erafmus Gower, Capt. Mackin-
tofh and others, area perfeétly natural and infallible
confequence of the foregoing thcory'.

It may not be amifs in this place to note the conftant
current into the Mediterranean. Why, it may be atked,
is there not a reflux from that fea upon the fame prin-
ciple as we find a reflux from'the gulph of Tlorida ?
This apparent phenomenon becomes, from felf-evi-
dent principles, a natural event, when we confider the

following
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following facts. 'The climate of the Mediterranean fea
muft occafion great. evaporation ffomfits«ﬂfurfaée; the
prevailing winds, from the. caufes inflanced- in the the«
ory of the trade wmds, muft carry this gvaporation over
the African hlgh lands, where it ferves, to form thofc
rainy feafons for which that country is fo remarkable,
and runs into other feas; fomc mdeed is rctumcd by
the Nllc, but this is too Tmall a. quantity to fupply the
wafte, for that is the only great river in the whole of
its fouthern and eaftern borders. The evaporation that
may occafionally be directed ealtward and fouthwald
when it falls in rain, forms rivers which are. loﬂ; in the
Pcrﬁan gulph or the Red fca, while thc rivers on the
northt.rn fide of the Mediterranean only fupply the eva-
porthon of the g ;l\ph’?, bn)'s, &c. into wlnch they Tun;
:md the Black fea and Arclupelngo have occafion for all
thewwter that runs into them to fupply their own evqn
poratwn. chce the Mcdltcrranean muﬂ: have a con-
frant fupp!y from the Adantic to keep up its levd with
that ocean, and hence there is conﬁ:ant ‘current run-
ning, into:it. ., The gulph of Florida on tb&ggnlrary re-
ceives from our wéﬂ;ern mountaing aqimmenfgquéntity
of water by means of the Miflillippi and other _rivcré,
which more than fupply its evaporation, and make the

fiream fo much the ftronger. .

Little need be faid about the eddy current, becaufe
every man who has rowed along fhore in a river, or is
in anyrefpe&t acquainted with the tides muft underftand

ity .
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it, and.that fuchan eddy exifts in the Gulph ftream, is
proved by Capt, Truxton’s. obfervations.in the note Ajand
the inftances mentioned amhciorcgos»g mcmoua of ﬂmps
being farthcr a-head than théy werd fiippofed by reckon
ing to Bg. W?xen the: ﬁrcan’il s paffed the banks o!

coutle, i therefore naturally fprcnds itfe |
retions as tend to the common level : 'We havcéli“éa‘*dy‘
fden, that ina dxre&mn from thc weﬁem iflands to the

other water fron'! hc northwnrd and weft-

ward of 1t to fuyply 1ts placc 2 May we not hence

- fioy r Pl :
direétion dcfcnbed only lofit ing its namc of fhcam, as

it alfo lofes (on the north fide at lealt) its dx&m&wc
quahty of heat : Indecd it is probablc that’ as, u tums to
the fouthward mto warmcr \ﬁ':;tei', it may be dx{'covcrcd'
by its wwnt of hcat, mcompanfon to the waters of fouth-
ern clxmatcs, unt:l the cthbnum of heat is reftored.

- Tlie ¢urrents fo common among’ the Welt India
iﬂﬁ'ﬁd;‘l;hr‘:’:"‘pi’bbﬁﬁly‘thc termination of the fweep of
currénts ]uﬂ: dcfcnbed 3 and when the gulph of Florida
dxfgor"cs the watcr, it agam ‘becomes’ the Gulph ﬂream
The importance of knowing. how near to the coaft. &
fhip may vcnturc, and how to (h(hnguxﬂl the Gulph
ftream from thc watcr bctwcen it and ‘the cm& is im.
menfe when applxcd to our coaﬂmg trwdc* for by this

advnnmgr‘
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#dvantage we tan be fure of a favorable current either
way, and a fmall veflel might make a fhort voyage
from Halifax to Georgia, which is thought by fome
a longer one than to Europe. Suppofe you had
the wind a-head all the way. Take your departure
and ftand for the ftream 5 as foon as you find the water
to increafe in heat about half as much as you know it
would when in the ﬁren;h; heave about and ftand for
the coaft, you will irfallibly difcover the edge of found-
ings by the cooling of the water; then ftand off again,
and fo on to the end of the voyage, when it is almoft
certain that the diftance would be run in a fhorter time
than if there were no ftream; for you would have.a
favorable infide or eddy current. On the return paflage,
take your departure and run off till you get into the
hotteft water, which will be the middle of the fircam,

and take the advantage of its current.

The following fa¢k may ferve to illuftrate the pro-
pricty of thefe direCtions : In June laft the mail packet
for Charlefton had twenty-five days paflage in going,
but returned in feven. The Captain accounted for this
by having calms, or very light airs, and a 1&0rthcrly cur-
rent. This was the true caufe.  He was in the middle

of the ftream, where there generally are calms or light |
airs : The edges only, which come in conta& with cold-
er regions, being tempeftuous.  After being in the lati-
tude of Cape Hatteras, he found himfelf in that of Cape
Henry. The veflcl however, got there at laft; and
on the return voyage the Captain {teered the fame

M courfe
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courfe back again, and with the fame light airs hLe
performed the voyage in feven days. Had this Cap.
tain known the ufe of the thermometer; need he have
been much louger in' going than in coming ?

A fafe coafting trade is at all times an object for this

country, but in war time the benefit isimmenfe. We
might convey fupplics from one end to the other of our
coaft, by keepingjui‘t on the cdge of fou11dings, where
(always knowing the true bearings and diftances of ‘tl‘lc
land, whicha foreign enemy might not know) our vel-
fels could by fteering for the land, put an end to a chace.
which through fear of danger, an enemy would probably
be obliged to abandon.

JONATHAN WILLIAMS:

NOTES,



@gr—'—~"iz o s g :

NO TES, &c

A.

o B xtmé‘i Jrom ‘Trunton's Rerrark.r, Infiructions, tmd
Examples.

“ THE direfion or courfe of the Florida Gulph ftrcam
may alfo be relied on, *asI often tried its rate of going,
by anchoring a boat in a calm (with a rope made faft
to an iron pot, the rope fiom 150 to 200 fathoms in
Jength, and the pot from 18 to 25 inches in diameter,
according to'the fize of the boat)‘and heaving the.log,
whereby its rate of going was afcertained, and found to
be feldom lefs than onc knot, and never more than two
knots and a half per hour; that is to the northward of
Cape Hatteras; but to the fouthward and weltward of
that Cape, it no doubt often ‘runs much ftronger; and
the nearer the chanhel between Florida and the Bahamas,
the ftronger of courfe. The width of this ftream 1 have
fixed alfo, by trying the current; and, when opportu-
nities offered, in paffing or repaffing it, by making ob-
fervations of the heavenly bodies : Add to which, I have
been attentive in afcertaining the temperature of the
water, and compar.mg it with that of the air, as recom-

%

mended
* See Tryxton’s chart.
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mended by that great philofopher, the late Dr. Frank-
lin.t The temperature of the air and water, without
the ftream, is generally about the fame; that is, the
difference feldom exceeds two or three degrees: Some-

times the air is the warmeft; at other times the water.”

“In the ftream, the water is always much warmer
than the air: indeed, I have known it ten degreés
warmer; but fo foon as you get within the ftream, the
water becomes colder than the air; ‘and the more fo, as
you get en foundings, and appfoach the fhore. 1f
mariners, who have not the opportunity of determining
their Jongitude by:ccleﬁiallbfervatiOns', will only carry
with them a good thermometer, and try the tempera-
ture of the water, and compare' it with that of the air
every.two hours, they may always know when they
come into, or go out of, the Gulph fiream : Indeed, I
always made a practice, when atfea, of comparing the
temperature of the air and water daily, and often very
frequently throughout the day during my voyage;
whereby I immediatcly difcovered any thing of a curl‘ex}f
that was going, and afterwards found its ftrength and
dire&tion by obfervations for the Jatitude and longitude.
Tt is of the utmoft confequence, in making a paffage to

and
4 The reader will pcréeivc by the Toregoing obfervations, that befides
the comyparifon of the temperature of the air, with.that ofthe water, it

is proper to cowpare the heat of the water iu different places one with
another, '
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and from Europe, to be acquainted with this Gulph
{iream; as by keepmg in it, when bound ecaltward,
you fhorten your voyage; and by avoxdmg it when re-
turning to the weftward, you facilitate it inconceivably;
fo much fo, that I have frequently when bound from
Eufope to this country, fpoke European fhips, unac-
quainted with the firength and extent of it, offthe
banks of Newfoundland, and been in port a very confi-
derable time before them, by keeping out of the ftream
whereas they lengthened their paffage by keeping in it.
The general courfe of the Gulph fiream being marked
on the chart, I would advife thofe who make the north-
ern paffage from Europe, never to come nearer the inner
line of it by choice than 10 or 15 leagues ; and then the
probability will be, that their paffage will be affifted by
the help of a counter current, which often runs within
it.  In coming off a voyage from the fouthward, be
fure to fieer NW when approaching the ftream, if the
wind will permit you, and continue that courfe until
you are within it, which may be eafily known by the
temperature of the water, as before mentioned.  Lhave
always confidered it of the utwmoft confequence when
‘bound in, to crofs the Gulph fiream as fpeedily as pof-
fible, left I fhould be vifited by calms or adverfe winds,
and by that means drove far out of my way, which
would prolong the voyage confiderably, efpecially in
the winter feafen.”
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B.

Extrac} fram Sir George Staunton’s account of an Embaﬂy
2o China. Vil. 1, LEng. Ed. p. 88. Amer. Ed. p. 31.

SIR Erafmus Gower obferved that all fhips bound
from Europe for the ifland of Madeira, will difcover
that their way is influenced by a current or fet, from
the weftern ocean into the bay, formed between Uthant
and Cape Finiftere, and into the Mediterranean ; and
as-well as his obfervations in five vifits to Madeira could
enable him to afcertain, {uch current fhould be efti-
mated-to fet SE about 11 miles in 5o leagues.” '

el - CR——

C.

Zwtrall from Staunton’s Embaffy. Vil. 1y Eng. Ed. p. 88.
Amer. Lid. p. 45.

€« ' '
S!R Eralmus Gower obferved in procecding to Tc7
neriffe a conftant current fetting to the {outhward, at the

rate of a mile an hour, equal to 22 miles in the diftance
between that ifland and Madeira.”

¢ Captain Mackintofh of the Hindoftan, who had
made twenty paffages in this route, generally experienced
a current from the 39th degree of Jatitude to that of the

Canarics,
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Canaries. In this part of the ocean he formerly found
from repeated and ‘accurate obfervations, that this cur
rent fet’ 3 degrees 5o minutes ESE. He found it
ftrongeft oppofite to the entrance into the Mediterranean
or ftraits of Gibralter; and in one voyage the current
Was computed by his time keeper to fet about 4o miles
a-day.  This current inclines more foutherly as it
approaches the Canaries. It ftxikes on the coaft of Bar-
bary and tdakes about Cape Bojador, different and oppo-
fite direétions, ncar in fhorc onc part running to the
northward towards the Mediterranean, and the other
to the fouthward along the coaft towards the equator.”

A A -

D.

- Extrafls from Kirwan's Eftimate of the Temperature of
1
different Latitudes.

“ WE may obferve, that the heat and cold of different
countries are tranfmitted from one to the other bsr the
medium of winds.  How the air 6f a cold country is
determined to flow towards a warmer, is eafily under-
ftood 5 but by what means warm air is determined to
flow towards cold countries, is fomewhat difficult to
explain, I fhall here mention three caufes that occur

to me, withing for a fuller explanation from others,”

“ Firfty if a ftrong northerly wind prevails in the
direGion of the meridian oppofite to London, as in
the
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the country of the Tichutlchi, in the eaftern extré.
mity of Afia, this current muft be l'upblied by air from
the North Pole 5 and this in its turn by air fouth of the
Pole in the diretion of the meridian of London.”

“ 2dly. If from any tra& in the upper regions of the
atmofphere, two currents of air flow in oppofite direc-
tions, as fometimes happens, the inferior air being lefs
comprefled, will become fpcciﬁcaliy lighter 5 and cur-
rents of air in oppofite directions to the upper currentsy
will také place.” |

“ 3dly. I conceive that when eaflerly and wefterly
winds meet with unequal force, one of them may be

refle€ted northwards.”

“ SOME fituations are better fitted to receive or
communicate heat than other fituations; thus high and
mountainous fituations bcihg nearer to the fource of
cold, muft be colder than lower fituations; and coun-
tries covered with woods, as they prevent the accefs of
the fun’s rays to the carth, or to the heaps of fnow
which thchy may conceal, and prefent more numerous
evaporating furfaces, muft be colder than open countries,
though fituated in the fame latitude ; and fincc all tra&ts
Qf land prefent infinite varicties of fituation, uniférm re-
fults cannot here be expefted. It remains then, that
we feek for a ftandard fituation, with whofe tempera-
ture in every latitude we may compare and appreciate
the temperature of all dther fituations in the fame lati-

tudcﬁ,



tdes; on water ondy. Now the globe contains, pro=
perly fpeaking, but two great trafls of water, or.
bceans :+.one, the Atlantic, feparating FEurope and
the weftern fide of the old continent from America ;
and the other, the Pacific, dividing Afia from America;
both of which I divide into north and fouth, as they
lie on the northern or fouthern Gde of the equator,”

 In this immenfe tract of water I chofe that fituation
for a ftandard, which recommends itfelf moft by fts
fimplicity and freedom from any but the rioft perma«
nent caufes of altcratlon, viz. that part of the Atlan-
tic that lies between the 8oth degree of northern and
the 45th of fouthern latitude, and extending weftwards
as far a¢ the Gulph ftream,* and to within a few leagues
of the coaft of America; and all that part of the Paci-
fic ocean, reaching from lat. 45° N to 1at. 400. S,
from the 20th to the a75th degree of longitude, eaft
of London, which is by far the greater part of the
furface of the whole globe, Within this fpace it will
be found that the mean atnual tetperature. is, as ex-
preﬂ'ul it the following table. T have added the tem-
perature of latitudes bcyond 8o degrees in the northern

hemifphere, though not firiétly within the ftandard.”
N “TABLE

* Dr, Blugdcn, in an mgcmous paper i the Philofoph, Tranf, for
1781, hios fhewn that the temperature of thtis fircarabis confidorably

greater than that of the udjucent part of the Atlantic.t

+ It rwas before difcovered by Dr, Franblin, fee journat on board of the Penns
Jylvania Packet, Capt. Oftorne, in 1775, and on board of the Raprifaly Captain
Wyeksy in 1746,
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NOTES

“ TABLE of the Mean Annual Tempirature. of 1he
Standard fituation, in every Latitude.

Temp.

3

31,04

31,10

[ 3014

3n2
314
31,5

;32;’2‘

32,6
32,9

337
3t
3455
35

3555
36

36,6
372
37,8
384
30,1

397

40,4
41,2

T 41,9
42,7

Lat.
61
6o

59
57

55
54

52
§t
50

48
47
40
45
44
43
42

‘ 5t
40
39
38

26

"~ 35
34

33

58

56

53

49

37

“Temp.

4345
4443

45999

45,8
46,1
475
48,4
4952
SQQZ'
5t
52,4
529

§3:.8- .

Sh7.
5550
56,4
5758
584
5954
60,3
61,2
62
63

63,9

64,8

6547
66,6

6714
68,3

Lat.

32
3r

| 30
o

28

27
26

foag
|2

23
22
2t

20 -

19
18
17
16

15

14

Tetnp,
69,1
69,9
7057
7195 .
723
72,8
73,8
7453
7594
759
7655
7753
77,8
78,3
78,0
7904
7959
80,4
80,8
81,3
82
82,3
82,7 .
82,0
83’2
83,4
63,6
84"

“« WITH
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 WITH refpe& to the agnual temperature, we x;nay ’

remark :- 1ft. That within 1o degrees of the poles the

-gemperatures differ very little ; neither do they diffen
)pq‘upl"x within 1o degrees of the equator.”

¢ 2dly. The temperature of different years differ very
little near the cquator, but thqy differ more and more,
as thc latxtudes appronch the polcs.

¢ 3d’ly. It fcarce ever freezes in latitudes under 35°.
unlefs in very elevated fituations, and it fcarce ever
hails in latitudes higher than 609.%”

% 4thly. Between latitudes 35°. ;\nd 60°, Iin‘p\lac“cs
adjacent to the fea, it gencrally thaws when the fun’s
altitude is 40°. and,feldomh«;gins to freeze, until'the

fun’s meridian altitude is below 40°.”

“ IN every latitude, ;l}e mean temperature of the
month of Apily feemé to approéch very nearly, tothe
mean annual heat of that latitude 3 and, as far as heat
depends on the action of the folar rays, the’ mcan hcgt
of every month, ié as the mean alutudc of thc fun, or ‘

nther, ao thc fine of the fun s mean almudc dunng that

month.”

$¢ Hence the mean heat of April, and the fines of
the fur’s altitude being given, I find the mean heat of
May, by this analogy.  As the fine of the fun’s mean
altitude in Apnl, is to thc mean heat of April, fo is

thc
» 9 Vet, Com, Petrob,
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the fine of the fun's mean altitude in May, to ‘the
‘mean heat of May. In this manner, I find the tem.
“yperatures of June, July and Apguft: But this rule
would give the temperatures of the fucceeding months
much too low becapfe, it does not comprehend the
guantity of heat accruing to the atmofphere by com-
munication of the internal heat of the globe, whichin
every latitude is nearly the fame, as the mean annual
heat of that latitude. Hence, the real temperature
of thefe months, muft be lopked upon ag an.arithme-
tical mean, between the aftronomical, and terreftrial
heats. Thus, in Jat. 51 the aftronomical heat of the
month of September, .is 44°. 66, and the mean annu.
al heat is 527, 43 therefore, the real mean heat of thig

44,6 4 524,
v /2.' e

month, thould be == 48,4, which is mor¢

conformable to obfervation.”

¢ It mgy indeed be faid, that not only the fun’s alti~
tude in every month, but alfo the duration of its light
over the horizon, fhould be taken into confideration.
o And, without doubt, this, and fome other circum-
frances taken into account by Mr. De Mairan,’ fhould
not have been omitted by me, if all the circumftanceg
produllive of cold, could alfo be fubjeéted to calcula-
tion 3 but fome-of thefe can 1o way be eftimated 5 for
inftance, the cold produged by evaporation : therefore,
by way of compcn(l}ugqxh fome of thofe produtive of
heat, fhould alfp be omitted ; and in effe@, the ap-
?roxima;ion of the galcujated, to the real heat, is
‘ , much
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‘much greater when this element s left ous.  Thus the
temperature of June in lat, §1°. including this circum-
ﬂance, is 70P.5 whereas, in fad, the mean hiem: of
j’unc, in London, is only 63, nor does it exceed 669,
even at Paris, lat. 48°. 50.  However, after going
through 4 tedious calculation, I ftill found the refults
to agree bat ill with’ obfcrvatnon; and thcrcforc, the
~ enfuing table, is not to be looked upon as deduced
from fixed prmcxplee, but rather partly from princi-
ples, and partly from what appeared to me, after
fiudying avarlety of fea journals, moft conformable to
pbfcrvatidn. " And, as a table of the mean monthly
temperatures of diffcrent latitudes at fea, can never be
had by obfervation, 1 fatter myfelf that fuch a table
as this, made as corre& as the nature of thmgs will
allow, may in fome meafure fupply its place.” '

: $¢ Erom this Table we may learn,
1ft. To find the mean heat of the firft, and aft half
pf any month.”

 Find tl}e mean betwixt the ftandard heat of aay
month, and the fandard heat of the fucceedmg ; this,
‘will be the mean of the laft fiftgen days of the preced-
ingy andthe firft £Qungggr§ or fifteen days of the fuc-
Qecdix;g month.”

o 2dly To find the ufual extremes whether of heat,
or of cold, that take placein any month,”
“ Tind
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% Tind the difference of the monthly and annua
temperatures; this difference added to the monthly te,n‘;;._
perature, givés the temperature of the hotteft day, that
is ufually found in any month; or being fubtrafed
gives the coldeft day, ufually obferved ,w,it\h‘in’{hg
month: . By day, 1 mean the fpace of ewenty-four hours,
Thus in London, the annual temperature being 5 2%, and
the temperature of January 36°. the difference is 16,
confequently the warmeft day in January is 52 and‘
the coldeft 20°.” '

t Thc greateft cold within the twenty-four hours,
generaliy happens half an hour before fun rife, jn all
latitudes, - The. grcatcﬁ heat: in 3il 1autudea betwcen
60 ;ﬁ,d 45°% is found gbout half paft two o’clock in
the afternoon; between lat. 45° and 3 §°. at two
o'clock ; between lat. 35°. and 2g°. at half paﬂ: one 3_
and between lat. 2 5% and the equator, at one o'clock.”

“ On fea, the dlﬂ'erence between the hear of da‘y
and night, is not fo great as on land, pamcularly in

low latitudes.”

e The "coldeft weather in all climates, generally
prevails about the middle of January, and the: warmeft
in July, though, aftronomically fpeaking, the greateft

cold thould be felt at the latter end of December, and |
the greatelt heat in the latter end of June; butthe
carth requires fome time to take, or to lofc the influ.
ence of the fun, in the fame manner as the fea with

refpect to tides, does that of the moon.” g
« TABLE



“« TABLE of th: Monthly Mean Temperature of the Standard, from lat. 80°, io lat. 10°,
Latitude 1800 179° 178 177° 1767 |75° |74° |73° |12° |71° |70° [69° 168 167° i“’v 65° 56-% 163°

January {22, (22,5 [23, 123,534y {24:5 255 (2555 |26; {26,5 127, 275 275 28, }28 238, 329, g 36,

Febreary 13,{:’ 23, (23,5 224, 24,5 (255 '25,5 26, (26,5)27, 27?5 28, {28, 28,5»49, igo, 31, [32,

March {27, 27,5 |28, 28,5%29, 29535 130, }30,;.31, 31,5 32, '32,5 33, ”33;5 34 35 36, 37

May * 136,536,527 137,538, 1385 39, [39.5 ‘40, 40,5 41> {4155 142, 142,543, i«H, 455 146,

April  [32,6132,9 (33,2 33,7 (3T 3405 3 {3;»5 36, 136,6 137:3{37:8138,4130,1130,7 {40,414 T:2 41,9
H
39
!

S Jue 51, 5T, 1515052, ;52, 52, 152,553, lss;s S+ 154 154.5 5%5‘54,5‘}5; 551 13551555

*RILON

Jdy 50, 595 l50s5 53, 151, I, Jsus }52,‘ Siis 153, (5351535535 54 [55 |55 (557 155

Avgat 30,5 a0, [a1, lansle2, luzisles, 43,5 Jas faaos 1450 lasos 146, laa 18, (48551400 150

i "y
355,5536 36,5137, 138 138,5 1395 139:5 40y 3T, W42, 143 244,‘ 455

Septem. 133,5 |24, {3495 1355

Ocober 28,5 129, (29,5 |30 130,5 sx, isl,s 3% 325 (335 35’55 34 (34 355 86, [37: 1375 ?8’,

%Novem. 23-, '23,5 24, {245 25, 25,5 ;a6, 20,5 'z'f,; 27,5 128;-128,5 |29, - 30,!31; 32, 32,5 33,

H B 5 P N

| Decem. 22,5 123, l23,5 124, laa,5/25, l25.5 26, kbysleq, z7,§§28, 28, |29, 130, {30,531, I31,

16
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TEMPERATURE ot g SEA.
= : Heatatthe Depth, A
M. lat. Surface. Feet, Heat,
Ho® ‘May 12 36° 503" 39
17 37° 540 39
June 9 44° 558 40
y Juy 7 46° 420 44
68 - -8 - 47" 1460 52
650 9 48° 1280 .48 ¢
‘ ‘10 §2° 846 45 *
29 Jai. 3 64> 540 58
o Goo & .
°o 8¢ 3 ; 531

5346
* PHil Tr, 1790, p. 39. '
4 2 Bergm. Erde Kugel, p. 119
4 Phil. Tr. 1752y p. 213,

¢ But Lord Mulgrave found the température of the
fea, at great depths, in high latitudes, much colder} -
he does not indeed mention, the temperature of the
furface, but it'is pfefumed‘, it did not differ much from
that of the air; perhaps the reafon was, that the-
newly melted ice, had then defcended, though the firft
experiment cannot be explained, even on that hypo-
thefis.’ o (

Lat. N, Heat of Air.  Depth, Heat of the Sea.

67° June 20 48°5 4680 26°
, 780 ) . g0 40(\‘5 708 310

69°  Aug.3r  59°%5 4038 32

Obfervations



96 NOTES.

Obfervations of Meffrs. Wales and Bayley.
Depth. Heat of

Lat. Air. Surface.  Feet. theSea,
o Sept. 5§ 75%5 74" 10 66°
24, 5 26 %2°% 70”480 %0°

34,44 O&. 11 6a"5 59° Goo ¢%°

Obfervations of Mr. Bladh.*

¢'N Jan. 8 4 37" 6 40°
10 43°6 43°6 50 43°6

55%40 20 47° 40° 110 515

3930 28 53° 590 110 59”
2”55 Feb.2s  81° 81 58 81°
2°.50 26 83° 84°5 110 81"

® Suenfk. Handling. 1781,

et EN CY EM—rree
E.

IN the foregoing extra& it is faid that in lat. 67°. at
the depth of 4680 fect, Lord Mulgrave found the tem.
perature of the fea water at 26°. which is 6°. helow the
freezing point. Thisisa fecming contradi€tion. But
it may be confidered that 32°. is the point of the flight-
eft congellation in river water. Sea water freezes with
more difficulty becaufe the falt muft firfk be feparated,
for at the furface all jce is frefh.

The hypothefis intimated in the introdu@ion to this
work proceeds upon the principle, that although the ice
formed at the furface of the fea is always frefh, yet a

degree



NOTES. o7

degree of cold may happen which would make falt ice;
or, in other words, a degree of cold may occur which
would " precipitate the falt, and combine it with
ice,.  We know that the Academicians at Peteri«
burg, in 1759, by means of fnow and nitre reduced
the mercury in a thermometer to a folid ftate, which
bore the compréﬂion of the hammer. What fluid
“could refift congellation longer than mercury ? Hence,
by the conjecture that the bottom of the fea is ice, it
is intended to convcy an idea of much colder ice, than

{uch as our winters produce.
e TR .
F.
METHOD of comparing Fahrenheit’s thermometer
with that of Reaumer, fo that either inftrament may

»~

anf{wer for nautical ufe.

N. B. The freezing point by Fahrenheit’s fcale is
32 by Reaumer’s it is o.

Xt requires nine degrees on Fahrenheit’s {cale to make
» N
four on Reaumer’s, therefore to graduate an inftrument

according to both, obferve this rule :

From any given degree of Falhrenheit deduét the
freezing point 32°. then divide the remainder by nine,
and afterwards multiply this ninth part or quotient by
four and the anfwer will be degrees according to Reau-

mcr.

To



of RO T i

. T reverfe this operation—Divide any given degree of
~ Regumer by four, and multiply the quotient or fourth
part by nine, to the produc add 31 . the freezing point
and the anfwer will be degrees according to Fahrenheit.

EXAMPLE,
“fake Fahrenheit’s degree of - ~ « - - - 1229
Dedudt the freezing point, « - - - = - - 32
Divide this by ningy - = = = = « = = = 9o~
%oticnt; e d e == se e 10
Multiply this zth part by - - « - « - - 4

An equivalent degree of heat by Reaumer, 40

REVERSE.

"Take Reaumet’s degreeof = = = = - « - 409
Divide this by 4, '

‘uoticnt, ------ “mmedmm= 10
Multiply this th partby « - = « = = = 9
Produa, -------- - o -»« 95
Add the freezing point, - -« - « = =« 32
An equivalent degree of heat by Fahrenheit, 1229

e @i
ERRATA,

Introduétion, page 10, line 2d, for € at 32°. and muft not

that be ice?’ read deloww g2°. and may not that be ice ? ‘
Page 48, line 18, for ** perpendicularly” read werticak
Page 53, line 6, for *¢ unobferved,” read unokfeured.



POSTSC‘RIPT

Thc foregoing part of this work was printed before
any communication could be made to Capt. Truxton
on the fubje&t; and the whole was fent to prefs
before the letter, of which the folloWing igan cxt{a&,
came to hand.

As experiment isthe only proper teft of -ufefulnefs, and
as the opinion of a well known nautical charater
is more likely to infpire confidence among naviga-
tors than any thing the writer himfelf could fay ; the

motive for adding this poftfcript becomes too ftrong
to be refifted.

i} § s

Lxtrac of a Letter from Thomas TruxToN, Efq,
to JoNATHAN WiLLIAMS.

¢ Derth Ambay, 12th Aug. 1799,

¥ YOUR publication will be of ufe to navigation, by
rendering fea voyages fecure, far beyond what sven you your-
SeIf will immediately colculate, for I have proved the utility
of the thermometer wery often fince we failed together, not
pnly in croffing and re-croffing the Gulph flream that runs
along our coofts, but in the Ethicpean, Indian, Arabian and
Chinefe feas, gulph of Bengal, gulph of Siam, the various
Sraits in the eaflern world, and in many other parts of the
globe.

“I:



¢ It will be found a moff waluable inflrument in the
hands of mariners, and particularly fo to thofe who are un-
écgt;ai)tted with aftronomical obfervations, and calculations
for 'Jt’ft’fjlnl.fll.;lé the Ior}gitude at Jea ; thefe particularly fland
in need of a fimple method of afcertaining their approach to,
or diflance from the coafty efpecially in the winter ﬁaﬁrz ;
Jor it is then that paffages are often prolonged, and fhips
blown of the coaft, by hard weflerly winds, and wveffels
being in the Gulph flream, without its being known; on
which account they are often bove too, by the Captain's fup-
pofing themfelves near to the coafly when they are very far
offy .and by this means favorable [pirts qf wind are lofi :
On the other hand fhips are often cafl on the couft by faifing
in the eddy of the fiream, which caufes them to out-run their
common reckoning : Lvery year produces new proofs of thefe
Jaflsy and of the calamities incident thereto”

DS ¥\ RN

¢ Should a fecond edition appear proper, it is
hoped that the writer will have it in his power to add
not only thefe communications, but the experiments of
many other Navigators. With this view, and in the
mean time to prevent erroncous editions, the copy-

right to this work is fecured according to law.

J. W,
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DISTRICT OF PENNSYLVANIA—T5 avit

%QE it remembeted, THAT on the ninth day
of Augufl, in the twenty-fourth year of the Indepen-
dence of the United States of America, JONATHAN
WILLIAMS, of the faid diftri¢t hath depofited in this
office the title of a book, the right wherecof he claims
as AUTHOR, in the words following, fo awit :—

“ THERMOMETRICAL NAVIGATION.
 DBeing a feries of experiments and obfervations, tending
 to prove, that by afcertaining the relative heat of the fea
“ avater from time to time, the paflage of a fbip through
 the Gulph fiream, and from deep water into foundings,
“ may be difcovered in time to avoid danger, although
“ (owing to tempefluous weather) it may be impoffible to
« heave the lead or obferve the heavenly bodies. Extrafled
“ from the American Philofophical Tranfactions, vol. 2
“ & 3. With additions and improvements.—

"« God helps them that help themfelves.”
€ Poor Ricbard.”

In conformity to the a&t of the congrefs of the
United States, intituled “ An A€ for the encourage-
ment of learning by fecuring the copies of maps, charts
and books to the authors and proprietors of fuch copies

during the times therein mentioned.”

D. CALDWELL,
Clerk of the diftrié? of Pennfylvania.



