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AThermometrical Journal of the temperature of the atmof-
phere and Seay, on a woyage to and from Oporto, with

explanatory obfervations thereon.
Philadelphia, Sept. 18, 1792,

§ 1 R,
Read Sept. N the 15th of Junelaft Capt. William Bil-
af, 1792 lings of this city, commander of the fhip
Apollo, prefented the journals of his voyages to and from
Oporto, for the infpection of the American Philofophical
Society. As they were not accompanied by any explana-
tory memoir, I have extra@ed from them what alone dif-
fers from fea reckoning in general, and inclofe a thermo-
metrical journal of the temperature of the atmofphere and
fea, which evidently appears to be the object of the com-
munication. As it was proper to {how that thefe obfer-
vations were not imaginary, and had arifen in the courfe
of his voyages, Capt Billings prefented his whole jour~
nals, confifting of 73 pages in folio, with all the detail
of a log book, which in original are depofited among
the fociety’s papers. *

As the experiments of this intelligent navigator, appear
to be repetitions of thofe I made near two years before, which
are related in my memoir No. X. page 82 of this volume,
I beg leave to make the following obfervations on them.

By thefe journals it appears that in June, 1791, the
water on the coaft was at the temperature of 61° by Fah-
renheit, and in the Gulph fiream at 77°. By my journals
it will be found that in November, 1789, the water on the

coaft
® ‘The temperature of the water was tried feveral times every day, but in this extra& it

was thought proper only to notice the important changes, a fucceffion of fimilar rcfults being
thought unneceffary.



THERMOMETRICAL JOURNAL. 193
coaft was at 47°. and in the gulph fiream at, 70°. viz.

By Capt. Billings, | By my experiments | {if: betveen
1791, June, coaft, 61 | 1789 Nov. coaft, 47 14°
do. Stream, %7 do. ftream, 7o 7

do. fiream warmer, 16 | do.fiream warmer23 |

— D —

Hence it may be concluded that although this difference
of heat is more remarkable in winter than in fummer,
yet it is fufficient at all times to guide navigators, {o as to
take the benefit of its current in going from, and to avoid
its oppofition in comiing to America.—In the latter cafe,
it has this additional convenience in corre@ing a reckon=
ing; for if a navigator can, by this means, know the
momcnt he is within the ftream, he knows at the fame
thoment his relative fituation as to the coaft; and if by
repeated experiment this mode of corre@ion fhould be
found folid, it amounts, in effed, to a certainty of the lon-
gitude, at the precile time when it is important to be ac~
curate.

Captain Billings’ courfe being nearly along the ftream,
he found only fuch alteration in the heat of the water as
may be accounted for by the cooling of the fiream itfelf,
in its courfe to the northward, ’till he came to lat. 39. oo.
N. long. 56. co. W. (a breaft of the Banks of Newfound-
land) when the mercury fell 10°. Do&or Franklin, in
November, 1776, on board of the Reprifal, in lat. 41.
N. long. 46. W. found about the fame difference; but
the Reprifal had kept a courfe farther fouth and came in-
to this cool water in a N. N. E. dire@ion ; while Captain
Billings being farther North, came in an eafterly dire&ti-
on, and of courfe might be as much within theinfluence

Bb 2 of
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of that chain of banks which extends from the longitude
45 W.along the American coaft, as the Reprifal was when
{o much farther to the eaftward. In November 1789, T
found the fame difference in lat. 4o. N. long. 49. W. after
failing in a direction about N. E. and a line being drawn
from the place where Captain Billings’s change happened,
to that where Do&or Franklin’s thermometer fell (in a di-
reGtion about E. N E.) would nearly interfe@ the place
where I obferved the fame alteration ; this is about the
{weep of the banks, known by frequent founding, as will
be found by confulting the beft charts.—By the coincidence
of thefe three journals, at fo great a diftance of time, and
without any knowledge of, confequently without any
conne&ion with each other; this important fact {feems to
be eftablithed. 4 navigator may difcover bhis approach
towards objects of danger, when he s at fuch a diffance
as to be able eafily to avoid them, by attentrvely examining
the temperature of the fea.

After having pafled the banks, Captain Billings found
but little difference during 18 days fail, till he came near
the European coaft. The fame umformlty appears in my
journal on a voyage to England, Page 85 of this volume.

Captain Billings found the water to grow cooler three
days before he made the land, and the mercury fell gradu-
ally from 65 to 60° when the land appeared: this was in
June. In November I found on approaching the Englith
coaft a gradual fall from g§3to 48° and then we ftruck
foundings. Here the difference between the fea and coaft
water was in both cafes the fame, though the 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 thermometer, but in this cafe the dif=
ference was {mall; becaufe, owing to the climate and fize

of
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of thefeIflands, the land cannot be fo cold as a northern con-
tinent naturally muft be. Indeed, the ufefulnefs of the ther-
mometer {eems to beapplicable tothe more dangerous fitua-
ticns, and not to Iflands in warm climates; I thould fuppofe,
for obvious reafons, that the changes would not be great
about the lands fituated between the tropics. The thore
of thefe 1flands is generally bold, and the land being
very high, may be feen at a great diftance. 'The
climate is not fubje& to fogs, fnow ftorms, Hlands of Ice,
long nights, &c. fothat, except hurricanes, (which are
more fatal to fhips in port than at fea) there {eems to be but
little danger in fuch navigation.

After leaving the weftern lflands, Captain Billings fleer-
ed to the weftward, being inneariy the fame lattitude on
the goth (379 47° N.) that he was on the 17th of Auguft.,
(379 53° N.) but.during the intermediate time he was dri-
ven, as winds prevailed, in a zig zag courfe, as far North
as 39" o4 N.and as far {fouth as 36° 26 N. 1t appears
alfo during this time that his thermometer varied from 1 ©
to §° 5 but it is to be remarked that there is a me-
dium in his thermometrical variations anfwering to the
medium of his lattitude. When he was in 3¢ o4. the
thermometer marked 75° and when in 36° 26. it alfo
marked 75° but when in 38° 12 it marked 70°. Now
confidering that he had the warm influence of the gulph
fiream to the Northward, and that the ocean water to the
fouthward muft naturally be warmer than that more North,
out of the ftream, there feems to be a perte&t agreement
between theory and fa& with regard to the ulefulnefs
of the thermometer in difcovering the courfe of this cur-
rent. The fame thing occurred in the courfe of my
paflage in the London Packet with Do&tor Franklin, (fee
Vol. 2 page 329 of the Tranfaltions of this fociety) in

June
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June 1785. The mean there was 73 while to the north-
ward and fouthward the thermometer marked 77.

Returning towards the coaft of America, Captain Bil-
lings difcovered his paffage acrofs the gulph fiream by a
{udden fall in the mercury of §° from noon o night, and
about §° farther Wefl, by a further fall in the fpace of 8
hours run, he difcovered the coaft, where he got foundings,
before he faw the land.

The ufefulnefs of the thermometer as a nautical inftru~
ment is not confined to the difcovery of an approach to-
wards objeCts of danger inowon to exyf; but it, may if at-
tended to, difcover others not at prefent fuppofed to exiil,
againft which a navigator cannot be on his guard. Seve-
ral charts, particularly one made by Governor Pownall, in
September 1787, point out rocks and breakers in the mid-
dle of the ocean; fome are faid to be uncertain, others
have been feen but once, and preferve the names of their
fuppofed difcoverers. Thefe fa&ts are generally -doubted,
and by fome mariners have been ridiculed; but it fhould
be confidered that in every inftance where the difcovery of
thefe hidden dangers have been fatal, no one could efcape
to tell the melancholy tale, and furely the number of mif-
{ing fhips juftifies a conjeGture that {uch misfortunes have
happened, and ought to influence every navigator to make
accurate obfervations on the temperature of the fea during
the whole of his voyage.

A gentleman of undoubted veracity related to me fome
time fince, the following fa@, which I mention on ac-
count of its aptitude to this fubjeé.

On a voyage from the Weft-Indies to England, the
fmall veflel he was in, touched at Bermuda. On leaving
that ifland, having fine weather and a {fmooth fea, they
failed along a ridge of rocks, feeing the bottom very plain-

ly
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ly all the time, till the ifland was out of fight; in this
place they {poke a large fhip, the Captain of which, had
no idea of his fituation’; he had not noticed the bottom,
and was failing in full confidence of being far from dan-
ger.  On being defired to look over the fide of his fhip,
the whole crew was in the utmoft confternation, and hove
the fhiptoo, with all her fails fett. He was foon inform-
ed of his true longitude, and took a new departure. Had
this Captain kept a thermometrical journal he would not,
probably, have been fo deceived, 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 cataf-
trophe of the fhip Faithtul Steward, which was loft, on
this coaft, with near goo people on board, about feven
years fince. The Captain was fo fure of having fufficient
fea room, that he did not think-of founding, the weather
was not boifterous and had he knoewn his fituation he
might have ftood off during the night. But fearle(s of a
danger he did not know, he ftood on with full fails, and
was in an-inftant loft: I tnink there were not above twen-
ty fouls faved. A thermometer regularly ufed would
have given warning in time, and probably have faved
thefe lives.

The impreflion fuch events have made on my mind,
has induced me to be thus particular, and I the more rea~
dily de juftice, to the judicious example given to other
Caprains, by Captain Billings, becaufe I think the obfer-
vations of a mariner, are more likely to be attended to
by mariners, than any inftruétion given by a land{man.
I think befides, that the merit of Captain Billings, ought
to be rewarded, by a publication of his laudable condu&

that
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that he may enjoy the reputation to which he is juftly en-
titled.

Iam with great refpe&, Sir
Your moft obedient and
Moft humble Servant,

JONATHAN WILLIAMS,

One of the Secretaries of the
American Philofophical Society.

A Thermometrical Journal of the temperature of the atmaf=
phere and fea on a paflage from Philadelphia to QOparto
in the Ship dpollo, by Captain William Billings.

1791 Places in at Noon | Temp. of
Dates. | Time. . ‘ Notes.
Latt.N./Lon, W, | Air.| Water.
June 6. | Sun-rife. | 38 56 | 75 o7 61 ~ Off Cape Henlopen.—N. B. The
2P. M. | 38 38| 74 28 66 thermometerison Fahrenheit'sfcale
Sun fett. 65 66 and the longitude Weft from Lon-
8 |10 A. M. 70 don.—The days are reckoned to
Noon. |37 18| 72 34 {75 7% begin at Noon and to end at the
10 | Noon. | 38 o3| 68 49173 77 fucceeding noon according to the
11 | Noon. { 38 51|65 57166 75 ufage of navigators.
12 | Noon. | 39 o2 | 63 22|71 71 June 8th. at 10 A. M. being the
14 | Noon. | 39 1r | 56 48 62 firlt alteration in the heat of the
15 | Noon. |39 37|53 43 ] 7% 65 water after leaving the coaft it is
From this date to the 2d July the variationsin ) fuppefed we entered the gulph
g the heat of the fea water do not exceed two de-z ftream. The courfe is not acrofs,
grees, they need not therefore be noticed. but rather alongthis current, fome=
what diagonally however.
uly 2 . ‘ une ioth atnoon it is fuppofed we
July 2d | Noon 40 16|15 34 68 és agein themiddleofthe gulgl[:ﬁream.
3| Noon. | 40 o5 |13 23| 68 64 Junea4th noon this fudden fall
of 9¢ iiis fuppofedhto be owing to
the influence of the banks of New-
4| Noon. | 40 28 )11 1368 63 foundland which bear about N.
s|2pP. M. 68 63 July 4th the water appears to
) have changed colour.
7 P. M. 60 Land in fight, but frequently ob~
fcured by fog.
8 A.M. 57 Land diftant about 6 leagues.
Noon. 55 Land diftant about 2 leagues be-

ing the high land of Braganea nova

A Thermometrical



THERMOMETRICAL JOURNAL. 201

A Thermometrical Journal of the temperature of the ate
mofphere and fea, on a pajfage from Oporto to Philadels
phiay inthe Ship Apollo, by Captain William Billings.

| Places in at Noon. | Temp. of
171 Time. . NeTeEs.
Dates. Lat. N.l Long. W. | Air.|Wat.
Aug. 4, |10 A. M. 57 [Portbarr: bearing ES E dift. 7leagues.
Noon. 41 07 9 04 60
5 | Noon. 40 39| 1306 | 69 | 61
6| 8A. M. 69 | 65
Noon. 40 35| 1706 | 69 | 67 But about half of degree difference
7 |toP.M.| 40 29 | 20 24 | 68 | 68 Jof latitude during 5 days, and little
8| Noon. | 4024 | 2201 | 69 | 68 bor nochange in the temperature of the
9 | No on. 41 00 22 49 68 | 68 \ fea.
10| Noon. | g4013| 2239 | 68| 68
11| Noon. | 38 42| 2402 | 69| 71| N.B.1anddegree fouthing water
32 warmer.
10 P. M. 70 |At 4P M made the ifland St. Michael
Midnight 69 |Hland dift. 4 leagues, tack’d and flood
12 | Noon. 37 57| 2435 | 72| 70 | off, at 5 A M. tack’d and flood to
a4 | Noon. 38 45| 2707 73 | 71 the fouthward.
15 | aP. M. 72 | 70 |Made the ifland Tercera. at 4 P. M.
Sunfet. 72 | 69
Sunrife. 68 |Near Tercera, St. Georges and Pico in
16| 2P M.| 38 24| 2751 | 73| 70 | fight:
Sunfet, 69
1oP. M. 68 |Clofe in with St. Georges.
Midnight 69
Noon. 37531 a7 20 | 73| 71 |Land out of fight:
17 |{1oP. M. 70 | 72
Noon. 37071 2739 73
18 | Noon. 36 36 | 28 34 78
19 | Noon. 3609 | 3189 73
20 | Noon. 36 26 34 31 74 | 75
21 |1oP. M. 74 | 74
10 A. M. 70
Noon. 69
22 | Noon. 38 24| 36 48 69
23 | Noon. | 38 43] 2849 | 74| 73
24 (ToP. M.l 38 43| 3849 | 74| 73
Noon. 38 441 41 32 71
25 | Noon. 3904 4417 75
26 | Noon. 38 56 46 44 75
27 1 Noon. 3812 ] 5010 70
28 | Noon. 3702 ] s128 75
29 | Noon. 3808} 5231 74 | 74
30 | Neon. | 37 47| 5330 |74 75
31 (1o P. M. 72 | 70
llgoon. 390201 53 20 69
Sept. I, oon. 40 41 o 1 4
g 2 |Midnight 4 34 o7 ;z ;x
VOL. 1L Cec A Thermometrical
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A Thermometrical Fournal of the temperature of the atmofe
phere and fea, on a paffage from Oporto to Philadelphia,
in the fhip Apollo, by Capt. William Billings, continued.

Places in at Noon. [Temp. of|
1791 | Time. Nores.
Dates, Lat. N, |Long, W- Air.lWat
Sept. 2 | Noon. 40 57 | 55 26 70| 72
3 {Midnight 71
Noon. | 4056 | 5751 | 70| 73
4 | Noon. 3910 5918 | 74| 74
s | Noon. 49 17 61 11 74 | 76
6 |Midnight 77 |This rife indicates, the gulph ftream. .
Noon. 40 06 | 63 20 74 | 78
7 1 Noon. 40 36 | 66 o3 75
8 | Noon. 4001 | 6723 73177
9 jioP. M. 71 | 73 |This fall indicates the weftern fide of
Midnight 72 | the gulph ftream.
4A. M. 71
Noon. 39 29 91 17 73
30 | Noon. 3919 | 7208 | 73173
11 | Noon. 39 04 72 33 74 175
12 | Noon. 38 54 73 21 74 | 74
¥3 | Noon. | 38 53| 7231 | 74 75
34 | Noon. 39 24 73 3I 75173
15]6P.M 74 { 69
8A. M. 68 !Sounded in 25 fathoms..
Ne. XXIV.
Firft Memoir of Obfervations on the Plants denominated
Cryptogamick,
Nufquam natura major quam in minimis.
Prin.
Read Feb: LTHOUGH the procefs of nature in the

17, 179% formation and reproduétion of all organifed

bodies is evidently uniform, yet there are philofophers
and naturalifts who fcruple ta admit this general principle
in all inftances, and think it flill liable to fome exceptions,
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