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PREFACE.

X 7HEN I firlt adopted the refolution te
- offer the public, in this manner, the

refult of my metcorological obfervations, which

was about twelve months ago, my principal de-

fign was, to explain the nature of the different

Ainftruments ufed in metcorology, particularly the

barometer and thermometer,  As the number

of thefe is increafing duily, many of them muft
fall into hands that are much unacquainted with

their principles, and may therefore not profit by

them in fo great a degree as otherwile; for

which reafon, a fhort and clear explanation, with

a ferics of obfervations ferving further to illu-

ftrate and exemplify the principles, and'a few

practical rules for judging ot the weather, de-

duded fryo.m experience, feemed to me to promife
utility 5 whillt the obfervations themfelves would

be an addition to the ftock already before the

public, and might perhaps be found f{ubfervient

to the improvement of the {cience,

- Soon after this, having difcovered the relation
of the aurora borealis to magnetiim, in the man-
ner defcribed in the introduction to that effay,
’ a2 I found,
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I found, that in order to eftablifh the difcovery,
a pretty large differtation would be required,
which muft, of courfe, be addrefled more pecu. -
liarly to philofophers; this neceffarily enlarged
the work, and became a prunary conﬁdcranon,
though the original defign was {till kept in view;
I concluded afterwards, -that the work fhould
confift of two parts, the firlt of which was to
contain the fubftance of the original defign,
namely, a brief explanation of the nature of the
inftruments, and a digeft of all the obfervations -
I bad made, as matters of fact; the fecond was
to contain the eflay or differtation on the aurora
borealis, together with fhort theoretic remarks
on the different phenomena of meteorology,
which I intended to fele&® chiefly from. the beft
accounts I could procure ; however, not having
by me all the books I could have defired, I was
neceflarily, and perbaps luckily, forced to con-
template a good deal on the different fubjeéts,
and to try {uch experiments as were within my
reach. - The refult was, that feveral things oc-
curred to me which were new, at leaft to myfelf; -
and - which throw light on the different branches
of natural philofophy, and of metcorology in
particular. ‘Thefe' 1 have thrown into the form
of Effays, in which are alfo given, fuch ufeful
difcoveries and obfervations of others as feemed
neceflary to be known, in order to form a proper
idea of the prefent Rtate of the fcience, and of the
jmprovements that are yet to be made in-it.

In
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In the firft part | have given not only the’
ebfervations wade at Kendal by myfelf, but alfo, .
with his leave, thofe made at Kefwick by Mr.
Crofthwaite, keeper of the mufeum at that place,
together with obfervations on the barometer and
rain, made at London, for three years, takem
from the Philofophical Tranfaltions. The refults
of the feveral obfervations I have arranged and
digefted to the beft of my judgment. The ob-
fervations on the height of the clouds, and on
‘the aurora borealis, particulatly the fupplemental
ones, are new, and, ! fuppofv, in fome: refpedls,
original, having never {cen any other of a fimilag
nature publifhed.

In the fecond part, the firlt effay, thmrgﬁ- i
eontains little or nothing new, will be found a
ptoper introduction to the fubfequent ones.

The fecond eflay, containing the theory of the
trade-winds, was, as I conceived when it wag
printed off, original; but | find fince, that they
arc explained on. the very fame principles, and
in the fame manner, in the Philofophical ‘Lrane
for 1735, by George Hadley, Efq. F. R, Si—See
Martyn’s Abridgment, Vol, 8, part 2, page 500.

The third eﬂ'ay, on the variation of the ba.
rometer, [ fhould {uppofe will be confidered as
baving fome merit; it is new to myfelf, but as I
am not well. read in the modern praductions: am, -

the
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the atmofphcrc, I cannot fay it will bé found en.
tirely {o to others. It may be proper to obferve,
" that I'had not adopted the theory of vapour
which is maintained in the fixth effay, when the
third was printed; but | know of no material
alteration [ would have made in this effay, had
it been otherwife.

The fourth and fifth effays are chiefly {elefted
from the publications of others, except * .t in
the latter I have offered fome new thoue . iy
the effe@ of the fituation of countries upup wieir
tethperature,

In the fixth-eflay, amongft other things [ have
advanced a theory of the flate of vapour in the
atmofphere, which, as far as | can difcover, is

entirely new, and will be found, | bélieve, to
folve all the phenomena of vapour we are ac-
quainted with ; | have attempted to folve feveral,
yarucularly in the appendix.

In the feventh effay the relation betwixt the
barometer and rain is inveftigated, from the ob.
fervations in the firflt part; 'fome conclufions are
thence obtained in fupport of theory, and from
which feveral ufeful and praitical obfervations
may be deduced.

Thc elghth eﬂ'ay is the large one on the
aurera borealis, which 1 have divided into fix
feétions ;
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Foftions ; ; this will o doubt attral the attention
of philofophers. The reader will perceive all
a’mg, that I have fpoken of the difcovery therein
contained as an original one ; when T wrote the
note at page 158, 1 had not feen the Abridgment
of the Philofophical Tranfa&ions of the Royal
Society 5 but L find from it that the learned and
ingenious Dr. Hulley formed an hypothefis to
‘acrount for the aurora borealis by magncnfm,
'7,’«, Abridgment by Fones, Vol. 4, part 2, we
iy M\that the Do&or, after enumerating parti-
‘cular% of feveral appearances, conjefures that
thev are occafioned by the earth’s magnetifin;
and he endcavours to illufirate the hypothefis -
by placmg a terella, or fpherical magnet, with
one of its poles upon an horizontal plane ftrewed
with fteel filings, ‘which being done, the filings
form various ftraight lined and curvilinear figures,
according as they are fituate near to or diftant
from the magnetic pole ; thefe he thinks are
analogoue to the beams of the aurora burealis.
The Jight of the aurora he is pretty much at a
lofs to account for, as ele@ricity was then but
imperfedtly known.——If thefe hints of his had
been purfued by others, the fa¢t would undoubt-
edly before this have been eftablithed, that rhe
beams of the aurora borealls are governed by the
earth’s magnetifim ; but inftead of this, philos
fophers have amufed themfelves and others
with forming various other theories to account
for the phenomena, moft of which are extrava.

gant,
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gant, not to fay ridiculovs, M. Mairan's zodiacal
Jight not excepted. Notwithftanding what the
learned Doélor has fuggefted, 1 prefume it will
be allowed, that the above mentioned fa& has
mot hitherto been afcertained, unlefs it be done
in the following work.

Whilft T am blaming others for framing fan-
ciful theories, perhaps the cenfure may be. re-
torted upon myfelf.—"The fourth fe&tion -of the
eflay in qucflion, entitled the *theory of the
aurora borealis,” will perhaps be regarded by
many as wild and cnimerical; but the fuds
which [ have endeavoured to afce:tam, refpeét-
ing the aurora, will excufe me for a momentary
indulgence of the ideas of 2 vxﬁonary theonﬁ if
they be confidered as fuch.

The appendix contains the refult of barome-
trical and other obfervations to determine thé
height of Kendal and Kefwick above the fea,
more exatly than is ftated in the prefiminary
remarks to the obfervations on the barometer ;
alfo, an account of the heights of fome moun.
tains in the neighbourhood of Kefwick ; it cona
cludes with a further iliuftration of the do&rine
of vapour, and an explanation of fome faéts re.
Jating' thereto, particularly thofe obferved in
workihg" the air-pump.

It will ber fuﬂicnenfly evident that T Have oY

had: g fupwabundant affiftance from books; i
providing
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providing~and digefting the matter containied-in
the followmq pages; by an attentive confidera-
tion of faéts 1 have drawn conclufions in fome
inftances which had formerly been done, though
unknown to me at the time; thefe, however,
are fuch as would have been inferted had it
been othc’rwife; and therefore the defign of the
work is not in any manner fruftrated by the
circumllance*. At the fime time I acknowledge,
with particular fatisfaction, the friendly aid wnd
affiltance of one or two individuals, in the article
of books; to one perfon more particularly 1 am
peculiar]y indebted, not only in this refpect, Lut
in many others; mdecd, if there be any thmg 1
new, and of i lmportancc to {cience, contained in
this work, it is owing, in great part,'to my hav.
ing had the advantage.of his inftrudtion dnd'
example in philofophical mvc[hgauon.

I cawnor help obferving heref that the fol-
lowing falt appears to be one of the moft remark-

able

* Since writing the above, I have met with an account of
Mr. De Luc’s claborate work on the medifications of 1he at-
mofphere, (vid. the Appendixes to the 4gth and seth vols.
of the Monthly Review) from which it appears he maintaing
nearly the fame principles in explaining the variations of the
barometer as 1 have dones his idea of wapour too feems not
unlike mine.~1It is 2 favourable cirenmitance to any theory,
when it is deduced from a confidevation of fadts by two
perfons independently of each other.
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able that the hxﬂory of the pragnefs of natural
phtlofophy could furnith.——Dr. Halley publithed
in the Philofophical Tranfaltions, a theory of
th(‘? ‘trade-winds, which was quite inadequate,
‘and immechanical, as will, be fhewn, and -yet
the fame has been almoft univerfally adoptcd
at lealt ['could name feveral modern produétions
of g,reat rtepute in ‘which it is found, and do not
know of one that contains any other. The
fame gentleman | publithed, through the- fame
channel, bis thoughts on the caufe of the aurora
borealis,- as mentioned above, which muft then
have appeared the moft rational of any. that
could be fuggefted, and yet 1 do not find that
any body has afterwards noticed it; except Ama-
nuelg/s (fee page 159). On the other hand,
G Hadley, Elq. publithed in a fubfequent volume -
of the faid Tranfa&ions, a rational and fatisface
tory explanation -of the txade-'wmds, but where
elfe fhall we find it?

Manchefler, Sep. 23, 1793

ERRATA.
"IN Part firfh, the feions after the cighth are numhered wrong; ouy
lmuld be correted as followa

!
Page 52, {or Sedlion tenthy vead Seftion ninth,
Page 544 for SeQion-eliwenrky read Seétion renth.
Page 61, [cr Seétien twt[/':b, read Se&mn dleventh,
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METEOROLOGICAL

LQOBSERVATIONS AND ESSAYS.

PART FIRST,

OBSERVATIONS.

SECTION FIRST,

Of the Barometer.

YHE barometer, or common wqather»ghf%,
confifts of a ftraight glafs tube, above 31
inches long, and open at one end, that has been
. filled with quickfilver, and afterwards inverted
into a bafon of the fame fluid, by applying a
finger to the open end, fo as to exclude all air
from entering the tube; in this cafe, the finger
being withdrawn, and the tube ere&ed, the
quickfilver leaves the top of it, and finks fo as
“to.ftand at the height of about 29 or 30 inches
B above
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K aqué the furface of that in the bafon; it is then
applied to a frame, with a fcale graduated fo as
to mark at all times thé height of the column,
in inches and tenths, &c. The inftrument thus.
completed is called a barometer.—It is ufual
now to blow a pretty capacious bulb at the open
end of the tube, and then bend the tube a little
above the bulb, fo that the bulb may ftand up-
right, leaving a little orifice in it to admit the
quickfilver ; then the tube being filled as before,
upon being inverted, the column of quickfilve’r
in the tube ftands at the helght of 29 or 3q
inches above the furface of that in the bulb, ag
in the former cafe.

The reafon of the faét may be explained thus:
every body that fupports another, bears all its
weight ; therefore when the furface of any non.
elattic fluid is expofed to the air, it bears the
weight of a column of air whofe bafe is equal to -
the faid furface, and its height that of the at- -
mofphere, fuppofed to be 40 or 50 miles; now
though air be a very light fubftance, being in its
ufual ftate, at the carth’s furface, about wisth’
part of the weight of an equal quantity of water,
yet fo prodigious a column of it as that above
mentioned, has a very confiderable weight ;
moreover, it is a fundamental principle in hy.
droftatics, that the preflure upon the furface of
a fluid muft be the fame on each part, or the
fluid will not re& till that is the cafe; if, there~

fore,
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fore, the preflure be remioved from any place of
the furface, either wholly or in part, the fluid
will yield in that place, and afcend till the weight
of the column of fluid above the furface, toge-
ther with the preflure upon the column, if any,
are equal to the general preflure upon the fluid
in every other part.—In the cafe of the barome-
ter, there is a wacuum at the top of the column,
and confequently no preflure upon its furface, fo
that the welght of the column alone balances the -
preflure of the atmofphere without, upon the
furface of the fluid in the bafon. This equifis
brium, between the mercurial column and co.
lumn of airy is very clearly illuftrated and con.
firmed by means of the air-pump; for, when a
barometer s inclofed in a receiver, as the air is
exhaufted, and its preflure of confequence de-
creafcd the mercurial column defcends propor-
tlonally It appears then, that the weight of the
air fupports the mercury in the barometer, and
that the weight of the mercurial column is equal
to the weight of a like column of air extending
to the top of the atmofphere.——When -the
tube is bent at the bottom, and turned up, the
fame reafoning, joined to the principle that fluids
in bent tubes always rife to the fame height in
cach leg, when they are both open to the atmof-
phere, will explain the fat in this cafe.

From thefe confiderations, the weight of the
-whole atmoiphere may be readily found; for, it
B2 is
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is equdl to the weight of a quantity of quick-‘
filver fufficient to cover the whole furface of the
globe to the height of 30 inches nearly.

The great weight and preflure above afcribed
to'the atmofphere, and their effels, are affented
to -by philofophers of the prefent age, without
fcruple ; but people not ‘much verfant in philo-.
fophical enquiries admit them with reluctance;
they apprehend, that if bodies were prefled with
the force above mentioned, which amounts to
about 15lbs. avoirdupoife upon each fquare inch
of furface, the effeét fhould be obvious; whereas
it is found that bodies of the flighteft texture
are unhurt by the atmofphere,—~and the great
facility with which bodies are moved in the at-
mofphere, they conceive as another objeéticn.—
Perhaps it may be fome help to thele to obferve,
that the-atmofphere prefies equally upon bodies -
in every dire&ion, and has therefore no tendency
to feparate their parts ; and, as for the refiftance
which bodies meet with in moving through the
atmofphere, it is not proportionate to the prefure
of the atmolphere, but to its denfity, which
being wvery little, as has been obferved above, -
the refiftance is fmall.

The barometer was invented in 1643, by
Torricelli, at Florence, in Italy.—The pheno-
menon foon attralted the notice of philofophers”
of that age, and the more {o, as it feemed to

prove
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ptove the exiftence of a wacuum, when the opis
nion of its non-exiltence was general, and the
maxim that nature abhors a vacuum, was almoft
unqueftioned. Had the quickfilver {till conti.
nued to fill the tube when ereited, the fad
would have been accounted for on this jmagi.
nary prmmplc, and have paffed without further
notice. As it was, however, thofe who fhll ad.+
hered to the maxim were reduced to grgat dif.
ficulties, and forced to have récourfe to various
unmeaning fubtilties, to get rid of the wacuum ;
whil{t many began to queftion the truth of the
maxim itfelf. - At length it was clearly. proved,
from the inftance in queftion, and from other
phenomena, that the maxim was contraditory
to the laws of nature ; the fufpenfion of the mer.
cury in the barometer was attributed to its true
caufe, the weight of the air; and the fpace at
the top of the tube was afcertained to be nearly
a petfe@ vacuum, or fpace void of matter. This
difcovery, as it led to that of the air-pump, and
other important ones, is juftly regarded as one
of the greateft in the laft century,

Torricelli, the inventer of the barometer, ob-
ferved, that if it was fuffered to ftand for a length
of time, the height of the mercury in the tube.
was pecpetually varying, though its whole FANgE
did not exceed 2 inches at that place; /it was
further noticed, that .this variation feemed to
have fome afﬁmty to the weather, the guickfilver

being
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being generally low in windy and rainy weather
~and" high in ferene and fettled weather, which
circumftance procured the inftrument the name
of weather-glafs. This difcovery proamifed to
be of the utmoft importance to mankind, by
cnabling them to forefee thofe changes in.the
atmofphere, the knowledge of which was {o
_interefting to them, and the moft fangumc X<
pedtations were entertained on the fubjet. The
experience of a century and a half has now been
obtained, from which the barometer does not
feem to be that infallible guxde that it was once
expected to be, though it is ccrtamly a very
ufeful inftrument in this refped, in the hands of
a judicious and fkilful obferver.—But of this
more hereafter.

b n—."

SEVERAL ingenious contrivances have been
ufed, by different perfons, to make barometers
of a more ample range, in order to obferve mi-
nute alterations of weight in the atmofphere;
but all thefe are liable to fuch objettions as ren--
der the commori upright one preferable.

Thofe who wifh to make barometrical obfer~
vations, in order to compare them with others,
thould be well affured of the accuracy of their
inftruments ;—fuch as incline to make their in-
ftruments themfelves would do well to attend to

the following particulars,
That



Of the ,quo‘metex.' oy

That the tube be not lefs than one-cighth of
an inch diameter within,

- That the quickfilver be ftrained through a
sloth, or rather through leather.

That the infide of the tube be perfely dry,
and the quickfilver dry when put into it.

If there be any moifture in the tube or quick
filver, it cxpands into an claftic vapour when the
preffure of the air is removed, and, afcending
into the wvacyum, deprefles the mercurial column
fometimes to the amount of one-quarter of an
inch, or more, below its proper ftation. The
critcrion to difcover moifture is to apply the
warm hand to the wacuum, and the mercury will
fink confiderably; but it will not be affected if
clear of moifture.—Alfo, if upon a gentle agi.
tation of the barometer in the dark, there appear -
a light in the wacuum, it is a fign there is little
ot no moiflture. * If, upon a gentle inclination,
the quickfilver rife to the top of the tube, and
completely fill it, leaving no fpcck, it is clear
of air.

The fcale in ftriCtnefs ought not to be full
inches, but fomething lefs, owing to the rifing
and falling of the furface of the refervoir. . If the
tube have a bulb, then the area of the furface at
the top of the column, divided by the fum of the

.areas



8 Of the Barometer.

areds of the top and refervoir, will give the part-
to be dedulted; but if the tube be ftraight,
then the whole area of the refervoir, leflened by
the area of the glafs annulus, made by a hori.
zontal feétion of the erefed tube, muft be ufed
as the denominator of the fraftion; hence, if
the fraéion be %, then the fcale of 3 inches
muft be diminifhed by half a tenth.

PREVIOUS to the detail of obfervations, it will be
proper to defcribe the fituation of the places of obfervation,
wisThe latitude of Londom is §1° 31" N.—Kendal is fi-
tuife in lat. 54° 17" N. long. 2° 46 W. There lics an
extenfive range of mountains from it in every direCtion,-ex-
cept to the fouth, Their height may be from 1 to 6 or ¢’
hundred yarde® ; fome are near, but from the north to the
caft their diftance is 3, 4, or s miles. St. George’s Channet
Bears SW. and the high water at fpring comes up the river
to within 6 miles of the town, but low water is at a great
diftance. The town may be.25 yards above the level of
the fea.—~Kefwick is fituate in lat. 54° 33" N. long. 3° 3’
W.; it is well known to be in the centre of a mountainous
country, and fome of the higheft mountains in the north of
England are in its neighbourhood. It is 16 miles from the
€hannely and perhaps about 45 yards above its level 4.

The

% Bonfon-hnot i 310 yards above the level of the rivér; Whinfel-bracon
it 500 yards above the fame 3 and Kendal-full from 2 to 2 hundred yartis,

+ It may not be amifs to remind the young Tyro here, that the lfigher
any place is dbove the level of the fea, the lower will the meai.ftute of e
arometer be at that place ‘
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“*The oblervations at Kendal were made by the avthor,
three times each duy, namcly, betwixt 6 and 8 o’clock in
#he ‘morning, at noon, and at.8 or 10 in the evening e
‘Thofe at Kefwick were likewile made three times each day,
Whe morning and ‘noon obfurvations about the fame time as
at Kendal, but the evening obfervations were made at 4 or §
in the winter, and 6 in the fummer; the obferver was Mr.
Crofthwaite, 3 gentleman, who, befides his attention to mete-
orology, has becn for feveral years paft afliduoufly furnithing
& mufeum, for the enteitainment of the touriils, at prefent
confifting of a great variety of nutdral and artificial produc-
tions from every quarter of the globe, foflils, plants, ‘&c. and
he has alfo made accurate furveys of the lakes.

The obfervations at London are taken from the Philofo-
phical Tranfations of the Royal Society, being thofe made
there by order of the prehdent and council ; they are made
twice a day, namely at 7 A. M. (in December, January,
and February at 8 A.M.) and at 2 P. M. .

With refpe& to the baromet&rs at Rendal and Kefwick,
“they were both clear of air and moifture, and exhibited the
eleétric light in the dark. The feales were both juil inches,
and therefore the variations were fomewhat greater than the
obfervations denate them.~—About % fhould have been al-
lowed upon them.

In the following account we have given the mean Rate of
the barometers, ‘at the refpeétive places, for each month of
the year, and likewife for the whole year, together with the
higheft and loweft obfervations each month, and the time
they took place; as alfo the dire@ion of the wind, and ite
ftrength, at the time: the dire@ion we have ufually re-’
ferred to {fome one of 8 equidiftant points of the compafs,
and the ftrength is denoted by the figures o, 1, 2, 3, and
4» refpe@ively, the firR marking a ealm, or very gentle
breeze, and the laft a hurricane,

C ‘The
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The obfervations at London are only for 3 years, becaufe
the later ones could not be procured ; thofe at Kendal and
Kefwick for § years, from 1788 to 1792, inclufive, T'o the
end of thefe is added the mean monthly ftate of the baros
meter, found from the means of the 5 years, as alfo the meany
aupon the extremes, the former of which is correéted, on ac-
count of the variations of heat in. the different months, by
which the qmckﬁlver in the barometer is contrafted or dis
lated, though retaining the {ame weight.—We have alfo
funmed up the {paces defcribed by the quickfilver each
month, noted the number of changes from afcent to defcent,
and the contrary, and found their amount for the year.

By the m:anﬂate, applléd to obfervations, is to be under-
ftood the fum of all the particular obfcrvanom divided by
their number.

The upper part of the following tables, having no abbre-
viations, is {ufficiently explicit; and in the under part,
which contains the days in the feveral months on which the
higheft and loweft obfervations were taken, and the winds at
thofe times, we have ufed H, for higheft, L, for lowelt,
m, for marning, n, for noon, and nt, for night.

N. B. Kendal bears N. 30° W. from London, dittant
nearly 226 Englifh miles, meafured on a great circle of the
earth; Kefwick bears N. 35° W. from Kendal, diftant 22
Englifh miles, meafured on a great-circle, '

1788,



Obfervations on. the Barometer. 1§
19788.

LONDON, KENDAIL. . KESWICK.
Mean \lnghe(\‘ loweft|l Mean h'xgheﬂ} loweft il Mean t higheft loweft

Jan. 129 97/30.70,28.89)29.87130. 56 28.38)(29.82/30.56:28.35
Feb. |29.68/30.21 28,65 !29.47 30.22(28.65 |[29.42[30,17/28.61
March|29.68 30.0829.32{29.56/30.09|20.15/29.51/30.07/29.12
April j30. o7‘30 48129 50|120.95(30.41)28.97/129.89/30.36/28.92
May |30.04|30.34/29.58l130.02(30:41(29.47/(29.94/30.32{29.37
June 129 94/30.2829.49,29.94/30:31{29.50/120.89(30.26,29. 46
July |29 9930.2229:73 29.82(30.12{29.47|129.76,30.12/20, 40
Aug. (29.95i30 45291221129 83130-37/29-19120.7730.37|29.14
Sep. |29.86 5/30.25129.37).29.74/30:16,20,28129.67|30.00|29.20:
Oé. [30.32:30 55|20.64/'30,07|30.62(29.5030.02/30.63|29.43
Nov. {30 1130 50|29.61}j29.98 30-34'29.22- 29.92/30:32/20.20
Dec. 129 92/30.33(29.50129.92130.28,29.531129.9030.2329.50
Inches|2zg 96 annual mean[;29.85 annual meanjl2g.79 annual mean

|
H16n WNW tlrbn& nt  Wili6n &t W2
Sz 3n " 82l 4m Wy
Feb 7m&nNEx(n) 7n SEo| %n calm
o szn SSE 1]z1n& nt NE2(4)|21 nt SE 1

3 Ez(c) 3n&kut NE1] gn&nt Wo

Mar, | Llﬂgm N2l1m SEil 1m SWo
“Hiom WNW1 n calm{ g n " S2
Apr. gn gn NW 3| gn W3
May Hi g m }:Nh zl 3allday NEz[3m&n E3zf
7 Lizgm ¢ SW: SW3jon SW 3
June H{ sn ' 9 all day NE 1) 9n&nt NE (f
Li27n 1126 nt&27m NWolz7 m NW o
Tuly Hlzrn NW 1(d)|21 n NWolzr n Wi
Ll 5n SSW 1{i6 m SW|i6m SW
Aug, 11| 2 Nij2zm NWile)|zn NW r
E Litgm SWiligm Wojltgqm = Wi
Se Hfrzm  ESEsf{rtnt = NWolrtnt NWo
P Ljztm calm|z9 n W 2|29 n' W2
oa H meLbbz(f) 8n&nt NEof 8n&nt Eo
" Lijt6n Wii6m&n SWolibm&n Wi

: Exltm SWol 1m 8SLlo
N""‘ “Llam o sw 2’ 3 ut SW 2| g ot sw‘g)
D o *]‘ jom | E1fz8nt Noj28nt N0
L L 1+ n NI 1i31 m calmizr nt calm

{a) And 12 m. SW 1. b) Andzzm. NE=s  {¢) And sy ENE g,
d) And 31.m. SW 1. Ee) And zn. SB. 1., {f) And 8n, NE 2.
) And 16 m, NE o. ST



12 Obfervations on the Barometer.
1789.
LONDON, KENDAL. KESWICK.
Mean | higheft] loweit | Mcan | highef loweft || Mean [ higheft] lowet

[ESORUINES S P

< Jan. ' 129.72{30,75128. §8}29.59130.75|28.5 2/ 29.51}30.72/28.09
Feb. [29.70130.34/28.65 129.52!30.19|28. 50||29.44{30.20[28.43
Marchi29.72{30.13(28.9429.71{30.12{28.87{29.59{30.13/28.71
April {29.77/30.18 29.10;29 64/30.09:28.94(139-51(29 98{28.77
May  |29.8830.27|20.57|29.77|30.1929.37(29-66|30. 12129 23
June |29, 84530 23129.40]29.77/30.20{29.25/29.66[30.12{29.14
July (29 85’ 30,09 29.5¢fzg 74/30.00,29.50(129.63 29.88|29.4o
Aug. 1300630 33]20.70|20 Hol30.32|29 62]29.88 30.23/29.46)
Sept. 129. 88|3o 38120.30|29.75130.25/29 25||29.64|30. 15,29 17
O&. .129.52 30.29|29.00|29.56/30.30/28.59/{29 46(30.20,28. 48
Nov. 29.70'30.46/28.72{ 29 60130.34{28.69/29.48/30.27 '28.60
Diec. 29 86 30.56]28.88) 29.¢ 63!30 41128.72129.4830.32, 28.57

Incucng +7g annual mean| 2g. 69 annual mean||2g.58 annual 1 mean

: H{sn . ENE1] st No|sn&nt Eo
Jan Lli§ S218n S 318 n SW 2
Feb Hlrym SW 116 nt - calm|16 nt NW

Ll2s n SW 2j25 n&nt SW 1|zgn&ntNEr N2
Mar"H’?’m NNE 1| 6mé&n . NE 1} 6m&nNE1 N1

iy a Wirjizm&oNEzE3[i3n SE 1
Aop, Ojzim  WSW | gnt SWol gallday Eof
P Ll gm  SWil26n  SW 3(a)|26 m & n Wi (8)

Manygn “Woalirn &nt SWoltt nt Wi
77 -Lig1m SW.ali7nt ©  SWafiynt Sz
, Hligm&nENEtfizn&nt Noligndknt 81
June 7, 4m WSW2a(c)j2z m SWolzz2m  Eo(d)
!Ju; ”Hm—l m  Wi|z8 & gont calm{zB& 3out W1 So
’ Lilizm&aES8E 1317 n W tj17n So
a’j’?‘l"‘xs m NNW (17 m NE o[17 all day NE o
B Tz n Woi(e)22 & 310t calmjgrnt calm
é;-;tH i1zn WNW 11z n sW x'lzn NW 1|
Hi.;.,l,f 1gn_ WNW i1{rgn 219, NWo
& Hlz7n - NNW 1]27 nt Nl* 270t . N 1(f).
{%L ém Wz\ :n SW 3 Zm ‘ éfz)
iNge, Ha7m W 1iz7 allday N ojz27 allday NW o
i "Ll m Nx|6n&nt NE 2| 6 ut Nj
%D "H{gm&n W II g allday SW o| gnt W 1
A Ligm Wzjign . W i{rgn SW 2

{a)y And.z9m, SE 1. (6) And 27m, SE o, . (¢) And 41, alfoaz n. Sa.
(dAnd g man Wi, () And 22 m. Wi, alfo 31 m & no SSE 1.
And 28 m. NW .
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LONDON, -

KENDAL, |

Mean | higheft| loweft

KESWICK.

Mean hxghcﬂ loweft’

]‘an‘
Feb,
March
April
May
June
July'
Aug.
ISepe.
oé.

3047
30.62
30.65
30‘-30
30.14
30.35
30420
3016
3342
30-40

3o.07
30.2§
3o.26
29.86
29.90
30.03
29.84
29.97
30.00
29.8¢9
Nov. [29.81 30.40‘29.02
Dec. {29.88{30.38,28.80

29.27:
20 88;
29.83'
39.38]
29.50
29-49
2G.29
29.64/
20.31
29.62

28.65
29.47
29.57
29;28,
29.25
29.31
29.34

29.g91
30.06
30.18
20.85
29.85
20.8¢y
29.92
29.81
20,87
29,8¢|

30:34
30.41
30.59
30.28
30.28
30.25
30.99
30.03{29.47.
30.34.29-25
30.28 20.22
29 7530.34,28.971
29-70130-34. 28. 8y’

Inchcs/zg 98 annual mean)

20. 87 annual mtan‘

Mean 'hq,heﬂ Jowelt
29. 89 30.36 28 64/
30.02'30, 4129.40
80.15130.59'29.48]
29.81{30.28 29.19
29. 82 30.28'2¢. 19
29. 87130.28 29.22
29.68! 130. 15129 28
29.77:30. °5|29 43
29.84130.34,29.14
[2975[33-2620.11
29. 70130 2828 90
z9. 67 30 3(‘28 T4
129. 83 annual mean

WNW 1
SW 2

P
28 n

Jan.

calm

SW 2

7n &nt
28 nt

7n&nt E1, 80
28 nt Wo

Wi

4n
SW 2

Feb, 26 n

Wi
SW 2!

4n&nt
26n "’

6n W
26m SW 4

NNE 1
E

16m
24 m

1sm&n NEo
10 m, Wz

;150 SE o
j1om&n SW4 W3

N 2
NE 2

3m
Ilm

2 allday NE 1(a)
gom S 2

20 SE ()
jom T8

(13 m NE 2
2m  S5Wa

12n&nt NE1(c)
2m SW

1z allday NEz{d)
2m Nk of

jav rm i r—'m«hm ke

zim&n WSW
9 u . SSW 3

g

ok

140t NE oe)
g nt . 8Wo

14ut 1smWoEo
9 nt calm

)| 7allday  calm
13n&nt Wa(g)

7u&nt St NWy
zom&nSW3i Wz

8m WNW I,
26 m -

l

1tnt& 12m Wo,
3n SWo

llalld;NWo(}:)
jmé&on SWi

|

z)

—
]

..

N\./

260
3m

261 - No
3m Weo

a6n , NWo
2o0nt  SW3

o lenkoler

16 n

* IJ 23 n

(6n&nt  Wo
(2 nt W2

lGn&ntWoon
12n 83

28 m
2t m

Hi
Nov. 1

14 m
19 ut

NE l(é)l
No 19alldaySoEo

14, 15 all day (/)

Zw
S EZ2imE S

u.«u-....é

6n
18 m

Dee. Iﬁ

6né&mnt
15m‘

NE o

bW4

6n “ealm

And 3all day E
And 13n. NE 2.

o)

1. (b) Andg all day NW 1.
(¢) And 15m&n. NEo.

NW 1, alfo 26 m. WSW 1. (g) Andzom & n. SWa.

NWo. alfo 14 1. & 18 m. SW

() And 13 & 27 n& NE 1.

Cs (i) And 26 m

:5rn ‘WbW@"
Andxgm‘ NE 1.
Ard 17 m & n.

f
1,2 And 12 all day
WNW 1.

() Ea, SEo.



. Inches °| 29.77 annual mean

3 Obfervations on the Barometer.
A Obferwat the Baromet
1791,
- KENDAL.  KESWICK.
Mean | higheft | loweft || Mean | higheft lowelt

- Jan. 29.33 | 30.22 | 28.40 || 29.23 | 30,17 | 28.31

1 Feb.-  129.83) 30.47 ] 29.00 || 29.77 | 30.42 | 28.85
March | 30.06 30,59 28.88 || 30,01 | 30.51 } 28.82
April |29.92| 30.12 | 28.97 || 29.66 | 30.11 | 28.91
May 29-94 | 30.37 | 29.22 | 29.90 | 30.37 | 29.08 |
Juse - | 2980! 30.19] 29.50| 29.86 | 30.17 | 29.40
July [29.761 30.22 { 2g.22 l{ 29.91 | 30.19 | 29.11
Auguft [29.96 | 30.47 | 29.47 |l 20.91 | 30,48 | 29.29
Sept. | 30.04| 30.34 | 29.31 || 30.01 | 30.31 | 20.19
Otto. [29.62! 30.47 | 28.56 11 20.55 } 30046 | 28,45 }
Nov. |29.58 | 30.15 | 28.66 || 29.51 | 30.11 | 28.56
Dec.  |29.51 | 30.28 | 28.84 || 20.44 | 30.19 | 28.68

20.71 annual mean

L.

Hiz4 m W 2{24 mand n WSW &

Jan. ngm E; zgm 31, 4
Hl 4 nt calm nt calm

Feb. ngn NW!I‘B"m W2
Mar. Hi 8mandn SWi, NEo) 8mandn Ey
| * Lizont,ztm SWz[zont, 2t m SW& W g} -
Hjzg nt, 3o m NE 1|29 nt, 30m NW&NE 2
Apr'legm’agdn Sszg m,a?ldn L\IiIW&‘Nx
M2 H}28 nt NE o028 n o,
Y Litgm W 3ligm WSW 4
]uﬁe’H 7m NEo|l 7m Wi
CPIET Llso all day . SW 1{s0nandnt SE 1, SWo
July Hl15s m and n NE of15 nt scalm
Ll 4n \ SW 3l 4mandn  WSW 3
Hizom NE olig ut, 20 m calm

- [Avg. LizBm legm’ Wo
Se Hijz6 m NEO{26m NE o
Pr 1l am SWol 4m ' SW 1
08, Hiz9 all day NE 120 mand n NE z
o Lzt m SWilzim "SE 1
N H|26 nt S ofz26 ut SW 2
PO 16 m SW t{i6m SW 1
kD Hiznmand n ‘NE oj17 n NE ©
;Lgmandn SWiligm WSW 3




Obferwations an the Barometer, 1§

1792.
KENDAL., KESWICK.

“ . | Mean | highett lqwcft Mean | higheft | loweft
Jan. |29.60|30.37|28.87 || 29.53 | 30.34 | 28.65
Feb. 1 29.87)30.47 | 29.34 || 29:82 | 30,43 | 29,25
Mar. |29.60|30.41 | 29.00 {| 29.51 | 30.40 | 28.91
April | 29.80 | 30.28 | 29.16 || 29.73 | 30.231 29.02
May |29.881 30.34 | 29.03 | 29.82( 30.28 | 28.79 {.
June 125.86 30.37 | 29.37 || 29.82 | 30.39 | 29.28
July  129.80]30.0929.47 || 29.74 | 30.06 | 29.37
Auguft| 29.861 30.22 | 29.12 || 29.81 | 30.22 | 20.02 ]
Sept. 120,65 | 30.23 | 29.06 || 29.59 | 30.17°| 28.91 §-
O&o. |29.73 | 30.47 ! 29.09 [| 29.67 | 30.45 | 28.04
Nov. |29.90]30.37|29.09 || 29.82 | 30,31 | 28.96
Dee, | 29.71130.28) 28.90 || 29.62 | 30.20 | 28.71 i

i'uch'gs 29.77 annual mean || 29.71 annual mean
_ H[ 5 all day calm| § all day calm
Jano )i m SW o|15 nt S1
Feb Hj16 nt, 17 m NE 1[17 m and n NE o} .
"Lirm SW il 1m : SW o
Mar Hitz mand n NE ilta m - NE ¢
T Lign SWol4n W ol
Aergm' SW ojzg m and n calin)
Pr 1 4 nt SWi} 4t calm
- nt, 6m NE 1] sn,6m N2,NLE1:
May L z; mandn  SE 3 z; m ’ SE 4
HY{ 3 all day Nt 3nandnt NE1, No
June 71iY m and n SW'iltrm ; calm|
Tuly Hjis n, 31 nt Wolisn, 31 ut SW i1, 8E1
L{zg7mandn SW 1j27 m calim
Avg H| im&nzgalld. NEo&:| t n, 29 n" NE o
: ‘Lizg m SW tj23 m SW .,
Sep H]IG m SW o1 nt SWo
* Llaam - SW oj21 nt SW o
o, Hi24nt NE olz4 nt . Ni:
" Lign, a5 m SW 1|14 n and nt S1
H(z24 nt NE of24 nt calm
Nov. L li n and nt SE 2 xi n and nt SE1x
Dec. H} 2 nt calm| 2 nt ‘ calm
L] 6nt SW 3| 6 nt . SW 4t
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‘Obferwations on the Barometer.

GENERAL 'OBSERVATION.

- It will be feen from the above accounts, that the baroe
mctcr is generally higheft and loweft about the fame time
at all the thiee places; and if the obfgrvanons had been all
taken ‘at-the fame hour, it would have been more generally
the cafe.—Whenever the barometer happens to be at the
monthly extreme at one-place, and net at another, L find it
is always near it at the other g the greateft differences in this
réfpc& feem to take place abont ‘the lower extreme, and to
be occafioned by rain,—thus, when it happens to be excef-
ﬁ’vcly heavy rain at one-place, and not at another, thie baro-
m(.ter is relatively lowett whcu: the rain falls,

M'an Sate of the barometer at Kendal and Kefwick, for the
“ahole § years, for each particular month of the year ; together

X * awith the means upon the exiremes of high and low, and the
mean monthly range. '

KENDAL.

KESWICK.

Moan*‘ higheﬂl lowett :rangc Mean#{ higheft! loweft range,

January (z9. 68l3° 4528, 49': 96! 29.62.30.43(28.41/2.02

February 12977 30.35123 :99.1-36/129.71 30.33128.91|1.42

March. = |29.84/30.3629. oglt 27| 29. 77l3o .34/29.01(1.38
April 290.79i30.23. 29.061 171129.92 30.:9'28 96i8.23

May " |29.88/30.32/29. 2751 o5 29.82'30. .27 29 13/1.14,
June 29.85/30.26,29.38, .88//29.80 30.24!29.30| .94
July 29.74 3o.xo}29 40 7o 29.68 30 .08 29.31} +77
Auguft  (29.86'30.28'29.37| .91 |(29.80'30. 27129 127,1.00

September(29.8030.26,20.23 1.03 | 20.74.30.21,29.12[1.09
Oétober [29.76,30.43, 28, 09'1.44 1 29.69'30.40 28. 88 1.52
November 29.78,30.31, 28.231.38/29.70 30.26.28.851. 41
December 29, 72‘30 3228.97 1.35120.65 30,25 28.841.41
Inches ~ (29.79|30.31]29.20[1.211[29.7230-27|29.00(1.27

The

* The means’in this column are correéted, on acoount of the expanfion

of the mercury, by heat; the corre@tion is made by increafing the heighr
in the colder months, and leflening it in the warmer months,. proportionally
to the defeft or excefs of tgmperature, relnnvc to the mean; it never
#xveeds .03 of an inch,
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The mean monthly range at London, upon an average of
the 3 years we have gwcn, is, Jan. 1.73 mcbcs, Feb 1.33,
Maich .96, April 0.99, May o 76, ‘Jiine 6.83, July o.65,
Aug. 0.79, Sept. 1.02, O&. 0.99, Nov. 1,34, Dec. 1. 3G,
Mean range 1.06 iaches.

A Table of the mean /}am deferibed by the mercury each monih,
determined by fumming up the feveral fmall fpaces afiended and
defcended ; alfs the mean number of changes from afeent to de-
Jeent, and the contrary, each month, it being reckoned a change

“avben the fpace deferibed is upwards of .03 of an inch.—The
theans are far § years, at Kendal and l&efwwk -

" KENDAL. KESWICK. |

Pyl s
=HHAEEE
[*) o E-E !
e ‘~a§ = g -
January | 9.97 | 23 10.1§ | 20
TFebruary | 7.57 | 21 7.90.{ 20
March 6.64 | 19 30 | 2t -
© April 6.06 | 17 6.15 | 20 .
May 547 | 19 .|| 565 | 19
June | 389 | 16, 425 | 16
July 498 | 21 ' 5.0 | 22

Augult | 432 | 18 | 403 | 19
.| September| 5.87 1 19, 6.59.1 20°
1.O&ocber | Gigo. | 18 6.24 | 20
 November| "7.36 18 7.69 | 20
 December | 10,08 1°22 || 9.95".1 24 .
_Ann.fpace 851 230 82.00 {zu A

D SECTION



SECTION SECOND.
Of the Tbermameter.

HE next important inftrument in meteor-

ology"is the thermometer : by which the
‘temperature, or degree of heat, of the air and
other bodies, .is determined. An inftrument
under this charalter was invented prior to she
barometer, but never brought to a tolérable de-
gree of perfefion till the prefent ¢entury.

Philofophers are generally perfuaded, that the
{enfations of hear and cold are occafioned by the
prefence or abfence, in degree, of a certain prin-
ciple or quality denominated fire, or beat ;—thus, .
when any fubltance feels cold, it is concluded
the principle of heat is not fo abundant in that
fubftance as in'the band; and if it feel hot, then
more abundant. - It is moft probable, that all
fubftances whatever contain more or lefs of this
principle. - Reipc&mg the nature of the prin.
ciple, however, there is a d:verﬁty of fentiment :
fome fuppofing it a fubflance, others a quality,
or property of fubftance. Boerbaave, followed
by moft of the moderns, is of the former opi-
nion ; Newton, with fome others, ate of the
latter ; thefe conceive heat to confift in an in-

ternal vibratory motion of the particles of bodies.
Whatever .
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Whatever doubts may be entertained refpett-
ing the caufe of heat, many of its effects are
clearly afcertained : in treating’ of thofe efleQly
it'is expedient to adapt our language to one or

“other of the fuppofitions refpeéting the nature of
their caufe; and as nothing has yet appeared to
render-the common mode of exprefion unphi.
lolophical, we fhall therefore fpeak of fire as

‘a. fubflance, under the denomination of 'fire,
or heat.

One univerfal effc of fire is its expanding or
enlargmg thofe bodies into which it enters;
which bodies fubfide again when the fire is
withdrawn, = Solids -are lealt’ expanded by ity
inelaflic fluids, as water, fpirits, &e. are niore’
expanded ; and elafic fuids, as air, moft of all.-
Hence, if a glafs tube of very fmall bore, and 4
large bulb at the end, be filled with any liquid
fo as it may rifé i into the ftem, and heat be ap-’
plied to the bulb, the liquor will rife in the tubef
and it is obvious to infer, that the larger the
bulb and the fmaller the bore of the tube, all
‘other c:rcumﬂancgs being the fame, the greater
will be the afcent for a given variation of lieat:
fuch an inftrument, when applied to a frame
properly graduated, is called a thermometer,
Different fluids have been occafionally ufed for
thermometers, but .none is found to anfwer fo
well, in all refpects, as quickfilver.

Ds Boiling:
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‘Boiling water is of a conftant and. uniféem.
temperature- at all. times and’ places, -provided:
the barometer be at .a certain heights and-a
mixture of pounded ice, ‘or 'fnow, and water is,
Tikewife of an uniform temperature. -Hence, we,
are favoured with the means of finding two fuf-
ficiently : diftant.. points.  upon , the, thermometric
{cale, without the neceflity of.another: thermo-
~meter; thefe are called the bo;lmg and fm’zmg
points, and are marked with 212° and 32%re.,
fpeétively, upon theé common fcale, or that of
Fabrenbeit, the beiling -point being found. when
‘the barometar ﬁands at 30 inchgs. . The fcalg
is divided into cqudl parts, and, cxtcndcd abovg
and below thefe points, ad lxbztum, when thg
degrees go below o, they.are. countcd from ity
‘and termed nggative, .mcrely fo glﬁm&lqn"
At 55° the word temperate. is,. ufually placed
“upon, the fcale, and fummer beat. at 75°; 98°
denotes the ufual heat of the, human blood ;;
¥12° the heat of the blood fometlmcs in an in..
ﬂammatory fever;. and at 175° fpirits. boil 3
quickfilver itfelf boils at about 600°,

* Reaumur’s. {cale, ufed by fome phllofophcrs
on the continent, marks ‘the frcczmg point Wxth;
0°, and, the, boiling, point with 80°,

THE;

"" The Tyro will pleafe to obferve, “that’ thc term’ 0%,°
does not imply a total ‘deprivation of firéj it is'a ére arw

bitrary term, and there would have been no lefs propnety
in‘calling it 100°, or 1000° than 0°.
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- THE following is the refult of obfervations on the ther-
mometer, taken three times'a day, at Kendal and Kefwick,
from 1988 to 1792, inclulive. The morning obfervations
were taken between 6 and 8 o’clock 5 the mid-day obferva-
tions about 12 or 1; the night obfervations at Kendsl about
9 or 10, but at Kefwick at 6 in fummer, and 4 in winter;
this circumftance makes the. mean temperature of Kefaick
too high, when compared with that of Kendal, which ought
to be noticed in ;he comparifon.

~ The fituation of the thermometers too, is another par-
ticular that fliould be adverted to;—that at Kendal was
withouot, in a garden, under the fhade of a pretty large
groofeberry tree, facing the north: the garden I8 open to
l%u country in the north, and has houfes at the diftance of
8 or 10 yards to the fouth. The thermometer at Kefwick
is fituate near, but not in conta® with, the wall and window
of  houfe facing the north, which is open to the conutry :
it is about 6 vards above the ground ; the fun never fhincs
on it in winter, and only a few weeks in {ammer, and that
carly in the morning, long before the obfervation is taken,

N v ‘

From thefe accounts it is obvious to infer, that the ther-
mometer at Kefwicd will not be liable to the extremes of heat
and cold, owing to the influence of tlre adjoining wall ;
whereas that at Kendal is perhaps liable to too great an ex- !
treme of hecat, occafionally, owing to the refleétion from the.
grouad, though the fun never {hines upon the frame for an
hour at lealt before any obfervation is taLcn.

The following tables, it is prefumed, will be fufficiently
explicit ; we have given a table cach year, containing the
days on which the extrenies of heat and cold happened at .
each place, as with the barometer. \

AT
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Obfervations on the Thermometer.

AT KENDAL, 1788,

1 Jan.
Feb.
March
" April
 May -
June
:Luly

ng.
1 Sep.
'1 O&.
Nov.

‘ Mornmg. ‘

Noon,

1.
i

Nighl

_lmonth,

Deci'j 2

- Mean high.

'3:77
1363

46
3olis
43 8( ‘
48.7:61
55.0.60
§5.0.62
§3.5/58.

| 49,5 6o
| 41555, 128

8.3150

low
]
30
28
13
32
39

47
35

27

40|10

47§
149

Mean (high.

41 {47
41 147

')4'0173; 501

'49.5 169

61.8180 (43

low.,

0

131
131

3.
39.

66.480 |57

161,068
63774
59470

; 52;6 58
445152

53
57
|59
47
33

el

Meaun, hngh

383 46
377 46
36.3/50
45 gtss,

52 5,60
'54.4,62
§4:2 60
51.8'62
431 57
39:3|52

28,

45

147
49,

43
28

10w i|means,
24 1 39

z,lj
34

an. m.

481

33‘-5,‘(46

23

27.6140

[ 44.1

g |l

AT KESWICK, 1788..

(7 be obfervations'on the thermometer at Kefwick this year avere
not' camplef; il May J

Mornmg.

Noon

: l Ni Bt.

.} May
: _}u;rc
i }
Auﬁ.
Sep.
Q.
Nov.-
DOC-

" | Mean ihigh,

o ¢ gt

4t

54.8)71
§7.6167
58.668.
'§8.5 (62
:54’6 64'
44457
42452
262143

I

[

52 .
5% .
52
46-
28
28

8

Mean (high,

Jow}, Mean (high,
Q

[} 2™ %
61 |77
62.3,77
61,7470
63.2(75
58.3/68
565159
442152
30:2 |44

358 9|72
60.5 75
60.3 |64
61.6 72
559166
46.857

42.5 (54

28.5441° )

“|i Bois
At 60.2}

| 56.3

Imonth,
,means.
}

58.2

61.1

47:2
429

28.3

.1783q



Obfervations on the-Thermometer: 23
Morning. = | - Noon. " Night.
mﬁl}w"~-kgfﬂvirlerndal . Kefwitk\Kendate -~ Kefwicks
1. - Hiz4th day 24th & 27th days;26th dny
Jan s s [24
Hiis 15 14
‘Feb- L ‘ 2 txo
. Hjzo T 22; 30 30 . - ,
M,ar'Ly,n '1‘3'v g, 8 ’
o Hyp, 12 30 < 130
Apr. LL! 2 4
Miv Hl28 26{26.° 26, 27]27 25, 27
“0 Li6 2929 29|10 29
June‘H'8 16, 19{21 ‘17|17, 18, 20 17
Li, 8 13,20, 28J190 27,28, 30|9 19
]lv\H” 13)12 1311 12, 13, 30
YWY Lla8 sl1o 7,8, 2218 2§
Hii,13 3.10,13.14]4 412 3 4
Avg. L8 ’ 27|23 26[19 24
a His " 84 4 8|4 4
Sep. Llis 21|29 21|14 21f
leva - Hiz 212, 5,22 - 2 22{2 22
0ct. g, 19 1818, 'ig, 20 1818 18
Hrr, 12 1i|g, 11 2,3, 11,12]12 3, 11
Nov. L'16 1516 7 ,,'15 15 " 26
24 25 24 24|24 24/
AD“‘ L;xﬁ 816 - 15, 16|18, 17,28 17, 28|
AT KENDAL, 1789, |
|__Morning. | Noon. Night, lmonth,;
‘ ‘Mcan tugh. low. | Mean ) highi| low. |} Mgap | high. Tow, imeans.
. - T o ] Y ) © [ <.
Jin. | 308147 ] 4|36 |50 |10 32 |47 5 |33
Feh. 37.7146 28 I 422147 132 || 37.7 46 130 | 39.2
March | 30.5/37 122 || 41.4|48 |31 {32 |37 |35°| 346
FApril 1394147 25 |49 8|60 (36 | 40.5149 | 31 | 43.2)
May 1 48.8)55 141 | 6o |70 |51 ) 49.4157 | 387) 52.7
June 5( 5160 ’38 163.6{19 |53 5(.6]60 145 1'55.6
July 62 .41 || 64.8{ 74 |54 || 54-4,62 |49 | 577
Augu&‘-537 62 (42 | 694)79 |60 || 56 |62 |50 | 59.7
Sept. 9‘*157 32 584,67 |s0 | 492 58 137 | 525
Octo. -|42.4155 127 | 5t |57 |39 |.43-4!55 |29 | 458,
Nov. |35 44 50142-5 st (31 )1 357045 |28 || 37.7]
Dec.  140.6'48 125 1434149 '35 || 40.9'49 129 | 41.6
ani, ma. 42.8 lsrg ¥ 1l 43.6 46.14
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24 Obfervations’ on'the Thermometer:
' AT KESWICGK, 1789.
Mormug “ ‘Noon. - Night. mon;h
Mcan high. lo_v_v__ Mean h‘_s.ll Tow, Mean 125_1:_ low. | means,
g ool - oo e s p o
Jon. |53 a8’| 5| 349]50 |20 | 33:8{50"|i6) | 339"
Feb. 137.7 46 |29 |l 40.4|48 34 | 38.7147 (30 |[38.9
Mar, |29.7'39: |23 |l 36 4|46 129 || 33.2 40 |28 |/ 33.1
April 141.6 49"128:1 45.9156138 || 44-1{51 |29 1 439
May 1509 6o i41 || 56768 |45 |54 (68 |41, }'53.0°
June | 553769144 1159|7349 || 558169 |47 | 56.7
July " 158.2 66'149 { 62.4{71 51 || 6o.2}70 |50} 60.3:
Augult) 59.6 67 51 || 64.9)74 167 || 62 9171 |51 || 62.5
Sept. . | 52.7, 61 |41 | 56.4/65:146 || 54.8]64 46 | 54.6,
O&o. |44.2 52 26 || 48.9|56:136. |l 46.9157 |32 |l 46.7
Nov. {37 | 23 | 41.2148 131 30. 1‘48 28 11 39.1.
- [Dee. 42.5%4‘9.;,3r,<= 43414934 | 42:2 52 134 | 42.7
jannme 452 492 . sl aqa i 47.2
. 1789,
. Morning, | Noon. Night.
o Kendals - Kelwick\Kendal. - "Kefwick \Kend/s . Kejwick
o Hlgo i solsr T 30|26 T 30ep
J.“" Liiz7 . 12)5,-12 K : ‘ir,v?z
e His 1, 151, 15,1824 1514 ‘ 1
Feb. Ljiz ’ 27l4 11,12, 16]7 11
VLar, H[20s 28 13lzr. 21|z, 28 2
Mar. ,L24" < 8y 171y ;;S i 7ty 9, 10,131
‘Apr. Hiz1 20, 21/30 30l16 10, 30
H 5 8 26, e s :
24, 25, 28 26, 2813 13]13 13
M‘YII-;x,u 2, 4|5 . 183, - .3
CLHN8 e a8l iy o 13, 16
June EII,z ‘ 266,26 6,28}, 25 ' 27
e 4 3}4 T 44 g
V 'MY Liz4 2322 | 2223 .22
; Hly. - 413 +18|4 18
A"g' Li2g . 7 g, 22 t 6j22 30f
, H;,4,9,_' ily 63, 10 1
‘S‘ep, Lixgs v = . 1715, 19" 19[18 - 16
S Hjzr T 21|23 - 28|20 Co20]
i Fl14 2, 143 2t 10|
Nov. "y 27 s 2627 ¢ 26|26, 27, 28 26
. H|o S 22(6,29 6, 7i23,27 -
Dec: i - ighs .16 25 17t




Obfervations on the Thermometer.

LX)
AT KENDAL, 1790.
Morning. Noon. Night. ”monﬂ,]
Mean thigh. _Ig_vg_: Mean high. lo_w Mean high. (means,
[} (-] < [+] \ L+ (-]
Jan. 136.3147 122 | 40 |49 131 || 37.2147 37-8
Feb. 139.8147 |25 | 46254 139 || 41.2147 42.4
March| 35,5145 (24 |t 50.7(58 |39 || 38.1146 41.4
April | 37.5146 |23 || 50.1/58 l40 || 37.547 41.7
May |48.5i55 38 || 59.8/71 {51 1148 |58 52.1
June |52.462 (43 || 61.7{76 |53 | 53.4|62 558
July [51.658 l41 || 60.9|67 |54 | 53-259 55.2
Ang. | 52.550 (38 |l 61.4(71 |56 | 55 {63 56.3
Sep. 147 |56 133 || 56.7|68 |51 | 49152 509
O&. 1'43.3155 [28 || 54 3165 |47 | 454|58 47.6
Nov. | 37.8i50 |24 |l 441153 |34 | 37-648 39.8
Dec. | 343146 1 6 || 39 49 ‘22 | 34.9/47 22 }) 36.1
 an. m.| 43.0 5§21 442 ! 46.4
AT KESWICK, 1700,
" Morning. Noon. Night.  lmonth.
Mean_high. low.|| Mean " high. Tow | Mean l_x_n_;_gEl_G'_v_v_ means.
o Qi o] Q o (-] o [+
Jan. | 36.4148°/29°| 307150 (30| 38.7 |50 I3z | 386
| Feb. 1 43.3l49 132 | 45-451 39 | 438149 35 || 44.2
Marchi 39.3149 (31 || 47.7152 (38 |} 44-3 |50 43-8
April | 39 149 131 | 44.8(54 (38 || 41.2149 41.7
May |50.8/58 145 | 55-5 64 146 || 52.963 |45 | 53.1
June |55 (68 l47 |l 58.7\71 49 | 57.6/70 571
| July (153959 '48 |1 59.5.65 |52 )i 50,5163 56.6
F Aug. | 54.8.61 (51 | 60.5,69 55 || 57.564 57.6
Sep. |49.2/56 141 | §3.7.62 43 || 50.8/62 | 512
O&. 146.5'59 135 | §2.1(62 |44 || 48.8(59 |37 || 491
Nov. 1 37.649 j25 | 41.6i50 |30 | 39.9/50 39-7
Dee._| 357147 18 | 379149 J27 || 36847 128 | 368
fan. m.i45.1 1 49.8 47.4 1 47.4
E 1790



26 Obfervations on the Thermometer.
1790.
T Morning. | Noon, . Night. I
Kendal, Refuwick.| Kendl. Kefwick| Kendal. Kefwick
Fan. IE;-;,u 1443 12|12 ' iz
21 9,15,21,30|15, 17 15]20 20, 2§
Hizs 26{28 ‘22|24 23, 25
Feb. Liz1 - 10(20 | ’.lO
Mar Hlz, 12 2128, 30 20,22,30f11 18!
“Livy 4,15,17,185,10 10)15, 16 5,15
Apr. Hiz3, 27 29|19 23|22 28
Litg 11,1316 13(14 12, 13, 14
H]so, 31 30|29, 31 329 T a6
MY Lhy T a9 2l 27 23 s
Ju‘ Hiz2 - 1hy 22|15, 16 22
"e'Lig, 28 5, 1O|IL 11{11 6, 7
“Hi26 4» 2627 17, 25|87 24
July 7, 30 . ' 30|29 31l21 14
H16 z21j1z” rs|7 16
A Llag 1,3,4,26, 27140 9 3, 23[26 )
Hiiz 19/19 19]12 19
Sep. Ll8 15121 1417 14
0&. Hij4, 5, 21 22|4 6j21 22
Liro 25i27 - 30l9, 30 30
- Hi6 616 6|25 6|
Nov. L’_zg 2818, 29 27(30 30
Hi1o, 13 13]13 13l9 5
Lliic' Lizo ' 20120 1, 20|28 28,
AT KENDAL, 1791.'
Morning. Noon. Night, month,
Mean | high. low. || Mean high.! low. || Mean { high.{ low.|imeans.
3 ) E} ] 3l ™o 1T 6 [} )
Jan. | 38.3148 |23 | 40.4|48 {32 | 38.8148 | 30 i 30.2
Feb. |36.5/46 |26 [ 41.9(50 |36 || 36.5(46 | 28 || 38.3
March | 38.3147 |23 1 47.2| 55 {39 [ 40.5148 | 25 | 42
April. |43 7|53 |36 || 52.8|67 |42 || 44.1{55 '37 | 46.9
May |45 |55 |34 ||56.5|73 |44 || 45-1|61 |33 | 48.9
June - |51 150 |38 11 63.8)81 148 || 52.2162 | 40 | 55.7
Taly | 54-3|67 (48 || 63.5|78 {51 [l 54 |66 |48 |l 57.3
Auguft | 54.8|66 145 || 64-3( 74 |48 || 53.8/ 62 |46 || 57.6
Sept. | 50.3|60 |38 63.4179 |52 || 51.5|60 |42 || 55.4
O&o. 143 {57 |24 || 51-8|60 {42 || 43.9|57 |24 | 46.2
Nov. [39.4(49 |22 | 45.2(53 (39 i 39:3|50 |28 | 41.3
Dee. |29 40 110 33 142 120 || 30.2' 46 =10 30.7
jann. ms.| 43.6 52 442 46.6

* Thormometer at 8% Py Mowe69 5 at gfywme0 and ¢ill 10 P, Momyo®




Obfervations on the Thermometers 27
Al KESWICK, 1791,
Morning. Nooit. Night. Imonth. ]
.| Mean ._lj_x_ﬁ“‘l_o_y_' ‘Mean | liigh.{ low, || Mean { high.j Jow. means,
: () ° 3 i1 amar™ B 3 o )
Hane 1379 45 124 139.3149 |31 |/ 39-2|49 {31 |} 38.8
Feb. 1 35.8 47 |25 || 38.4{47 130 || 36.7147 130 || 37 .
Mat, 140.4'47 |22 [43.6(54 |34 || 41.8]48 |29 [l 419
Aptil 1 44.4 54 136 | 49.6165 |41 || 46.3 |59 137 || 467
May 147 (64 |37 | 52.7(70 |40 || 48:9166 40 |t 40.5
June 1 54.2170 141 |l 59.3176 |45 || 56.3173 |41 | 56.6
July  156.4 70 {50 l59.8{78 {51 || 57.6{71 |50 |l57.9
Auguft| 55.6 64 [48 || 60.9]68 |47 || 58.2(G7 |45 /582
{Septe 1 53.2:66 141 fi 59.1|73 {49 || 56.6169 146 |l 56.3
O€o. 143555 |27 ||47.7|61 |36 || 46-4|58 |32 [145:9
Nov, 39-1147 122 | 42.3)51 |33 40.6|51 |32 || 40.7
Dec.  129.9!39 (13 [/33.2(40 122 | 32.1142 [15*]31.7
annims.) 44.8 488 46.9 46.8
: 1791,
| Morning. | Noon. Night.
\Kendal. Kelwick.{Kendal, Kefwick.\ Kendal. Kefwick|
Hisr 2516, gt 1616, 30 10
Jan °pi7g 285 , 2813 ’ 28
reby 14 1417 1410 14
Febs Lis 44, 23 4]16, 28 2, 3
Hiis 29, 30{28, 30 30i22 29
M“f Li2 113 ’ 21|X I
Hj19 15[16 16[16 16
Apr 1l 11)6 §l2y 6, 10
Hja8 - 3130 3030 30
May IL-14’8 6l1 146 3, 6, 23
4 4 56 435 3
June Lirg 11, 12|21 12{1%, 2t 12
H)18 19)1y 716, 17|17 19|,
Y Lis, 14 564+ 4o 4
‘Hirs 23, 24]t5 12, 20, 23|14 23
Au‘g'o}Ii 19 30, 3131 _313x 3f
He) 111 - 11jio 11
Sep. Liso 19]22 rgll 18
Hlq 4|3 41 § 313 X
oc. 1, 24 23 26 22|23 23
Hitr 1113 111t 1
Nov. y g 66, 18,30 66 18
Hjz, 31 23, 312, 31 1, 27, 313 1
Dcc'Lx; ,nx’r ' ’nln 11

*# Thermometer at 4 P. M. 15°5 at 10 P. M. 825 at x A, M. 6o.
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Obfervations on the Thermometer.

AT KENDAL, 1792.

Morning.

| Noon.

{ Night,

‘ Mean \h,gh

Jano
Feb,
March
April
May
June
July
Aug,
Sept.
0&.
Nov.
Dec.

Mean jtugh. low
5

32.3146
37 49
38.2148
45 152
45:3152
52.1|61
56,1162 |51
55.6)66 148

47-6159 134
43.4[58 128
41.6/50 ‘24
36.9i50 21

11
18
20
36
35
48

37.5 148
44 |55
46.354
544]72
54.816
61. 4‘75
64.3 17z
69 183
56.8. 69
51.463
471158 |3
40.3 51

} }ow

}26
35
32
43
47

29

month,

Wjjmeans.

(] ©
32.5 49
37.6 46
39-3 48
43-9 150
454152
50.2(58
54.0.62
56.1/66
485}

Q
341
39:5

u41-2
47.8
48.5
545 |
584
6o.2z

51

Mean 'lﬁgh.
i
4 |
I

4.2
377

L
52

46.3
43.6
1383

an, ms.

'44-3

523

44~3 §

47

AT KESWICK, 1702.

Jan.
Feb.
[ March
Apnil
May
June .
ul
A
Sept.
oa.
Nov.
' Dcc.

Momin'g

Nooun.

I.,

Night.

an. mﬂ»

Mcan high.| low,
32 I 4.5112
36.5 47 |19
37-3)47 |17
44.8/53 |35
46.5.53 (36
53.4163 46
57.3.63 |49
6o |73 147
48.9159 (38
449!57 32
42.2 ]55 23
36.4151 {20

B

35

41.2
42.3
,51’2
51.8
571
6.4
65.2)75
53.9164
48.8464
45.7 Y60
38.7151

47
53
51
67
62
66
69

Y,

hxgh-x fowd
T

I 7‘
30
21

35

334
39:7
39:6
| 469
48.2
54
57-9
599
51;2
46.6

44+2
38

47
50
47
65
56
63
65
70
Go
57
57
49

)month.
Mean {high. iuw ‘means.
e

33. 5
39.1
39.7
47:6°
48.8
53-8
55.9
61,7
513
46.7
44
37-7

450

494

46.6

47
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Obfervationis on the Thermometer. oy
| 1792.
‘Morning. | Noon. Night.
Kendal, Kefwick.iKendal, Kefwick.| Kendal. Kefwick.
Hi31 3130, 31 31|30 30
Jan. Liig . nu’ 11, 12{11 It
Feb Hlz | 2]26 12|6, 27, 29 26
* Ljar 2118, 19, 24 18[20, 21 18, 20,24
.. Hlzg 1y 1, 2|17,24,28 3,17,30
Mar.L” ol13 ’89,‘ ’ ! ’8
Hlrs, 14,29 12, 13}50 11fexy 13 11X
Apr. L]y 5, 20§ 5|20 19
Hirg . 15|29 12244 27 24
May L 11, 3 1,2]2 1, 10
His 16|29 16036 4
June Llz, 10, 20 8, 10j12 19|2 19
- Hl16 9,10, 15,24[29 29{1% 31
Tuly Lizo . T 5y 11 11“28 11
H1 gt 3|2 3
Avg. L|28, 29 28|20 28|19, 28 28
Hl13 2, 7]z 2|y 4
Sep. 1, 16, 22 22 2t 2z{15 27
. Hjx b HE 1
O. Liiz 24)12 3, 4411 24
H3"53871-‘ 515 513 . )
Nov. Ljiy 17|20 17019 16, 17, 19
Dec Hiro, 18,20 1818 18[18 18
" Llzs, 31 24|23 24|7. 23

The monthly and annual means of the thermometer,
. upon § years, are as under. '

Pormne

At Kendal

J‘“"

Feb. [ Mar. | April
[+ [+ (=3

| May
©

June § July |Aug
o o

36.%

39-5 139:2 145:2

I

o
55.8]57.1 }58.2]

At Kefwick] 36.8 [39.5

39 145-3

52.7 |

60.2

57.1{ 8.8

At Kendal

Sept. l o&. ' Nov, ' Dec.“

annual
jmean,

52.7 | 46.3 | 406 351

]
46.4

A Kefwick] 53.9 1471 41.3 | 354

147:3

The



30, Oé/érvatiom' on the Thermometer.

The annual mean at Kefwick may perbaps be ftated moré
accurately at 46°, as the evening obfervations were taken
too foon to give the true mean temperature. It may how-
ever be proper to obferve here, that the time or times of
the day at which the obfervations ought to be made, in or-
der to determine the true mean; has not, that I know of,
been afcertained: ‘

1 made the following obfervations on the temperature of
a pump well, the furface of which is ufually from 3 to 6 feet
below that of the ground; at the end of January its heat
was 45°; February, 45°; March, 46°; April, 46%5;
May, 48°; June, 50°; July, 51°; Auguft, 52°; Sep-
tember, 50°; O&ober, 48°.5 ; November, 47°.5; Decem-
ber, 45° Thefe obfervations give an anaual mean
of 47°.8.

About the middle of June, 1793, I found the temperature
of {everal wells in Kendal, after having pumped a few gal-
lons of water from each ; fix of the decpeft, being from 5 to
10 yards below the furface of the ground, were juft 48¢
‘each ; three other deep ones were 47°.5 ; one not quite fo
deep was 46°; and three that were only 2 or 3 yards below
the furface of the ground were 49° each. The deep ones,
T believe, in general are fubje& to very little variation in
temperature all the year rouad.

From thefe obfervations on the temperature of wells, I
am inclined to think, the heat of the earth at 10 or more
yards depth is not the fame, at Kendal, as the mean heat of
the air, but fomething greatcvr. Perhaps this is a general
faét; the temperaturc of the cave of the obfervatory at
Paris, which is 30 yards below the pavement, is §3°.5;
whereas the mean heat of the air there, is only 52°.~How-
ever thig may be, I cannot believe the mean heat of the air
at this place is fo great as that of the pump water.,

SECTION
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SECTION THIRD.

Of the Hygrometer.

HE hygrometer is an inftrument meant to

fhew the difpofition of the air for attraét.
ing water, or for depofiting the water it has in
folution with it.

Some . of the greateft philofophers of the pre«
fent age have been endeavouring ta improve
thofe inftruments of this defcription we have al«
ready, and to invent others lefs objectionable;
but I prefume the object is not yet fully attained,
—To alcertain the exaét quantity of water in a
given quantity of air, and alfo the difpofition of
the air for imbibing or depofiting it, is an obje&
indeed, highly important to the fcience of mete.
orology, and to philofophy in general.

It does not fuit our intended brevity to enter
into a detail of the different inftruments lately
propofed, with their refpeftive merits and de-
merits ; we fhall only obferve, that moft fub-
ftances are affeted more or lefs with the drynkfs
and moifture of the air, particularly animal and
vegetable fibres, which become turgid, and con-
trat by being expofed to moift air. Spunge,
paper, &c. imbibe moifture, and become alter-
o nately
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nately lighter and heaviér by being expoled to
tthe air.  Strings, whether made of animal or
vegetable fibres, twift and untwift by the moi-
fture and drynefs of the air, and confequently
are fhortened and lengthened alternately
The force with which a cord contra&ts is amaz-
ingly great. Mr. Boyle, who feems to have
been the firft that made a feries of experiments
of this fort, ufed to fufpend a weight of 50 or
100lbs. to the end of a rope, which was alter-
nately raifed and lowered by the moifture and’
drynefs of the air, as a fmall weight would
have been.

‘Obfervations on the Hygrometer.

THZ only hygrometrical inftrument I have ufed, is a
piece of whip-cord, about 6 yards long, faftened to a nail
at one end, and thrown over a Tmall pulley ; in this manner
it has been kept ftretched, by a weight of 2 or 3 ounces,
fince September, 1787. It is in a-room without a fire, and
where the air has a modecrate circulation ; the fcale is di«
vided into tenths of an inch, and begins at no determined
point 3 the greater the number of the fcale, the longer ia
the ftring, and the drier the air.  This ftring has varied in
length above 13 inches, or 45 of its whole length. The
obfervations were taken three times a day the two firfk
yeare, and once a day after, namely, at noop,———The
refult follawe.

Mean
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Mean flate of the Hygrometer, at Kendal,

-] Mean of
1788. | 1789. [.1790. | 1791.] 1792. [lhe whole.

January 40.3 | 83.4| 85 85 | 1026 79:3
February | 54.7| 81 92.8| 97 |[roo.5| 85.2
81

Marchi 106 |109 |105.7 (112 102.7
April 85 112 | 1317 116 | 12§ 113.9
May 116 {123 |129 {123 |128 123.8
June 127 | 127 (129 135 {137 131

July 104 | 126 |126 | 131 134 124.2

Augat {113 | 132 {121 | 129.6) 138.5 | 1268
Scptember| 108.5 | 114 157 | 129 | 1207 | 117.2
Oétober {102 104 |109 | 119 |123.3]( 111.5.
November| 87.61 99 |104 | 113 |106.4 || 102

December| 100 85 9z, | 10771026} g7.5
An.means| 93.3] 107.7 | 112.1 | 115.9 159.2 ‘

' Drieft 138 | 140 {141 | 144 | 150
Moiftet | 15 63 71 65 83

It is obvious, from the means of the feveral years, and
likewife from the extreines, that the cord has been increafing
in length each year, fo that, in fimilar ftates of the air, the
index pointed at greater numbers each year fucceflively; this
increafe too appears to have been nearly in arithmetical pro-
greflion after the firft year.—-In confequence of this increafe in
the length of the cord, fome allowance ought to be made in
comparing the mean ftate of the hygrometer in the different
months of the year; thus, if the months of June or July
be taken for a f{tandard of comparifon, then the means of
the preceding months muft be increafed, and thofe of the
following diminifhed, in fuch proportion as the annual ine
areafe fhall require.

“The above menttoned inftrument ferves to fhew a varia-
tion in,the drynefs or moifture of the air; but it is very
madequate to the purpofe for which a hygrometer is defired.

F SLECTION
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SECTION FOURTH.

Of Rain-gauges, and an account of the quantity
of rain that fell at Kendal and Kefwick,
in the years 1788, 1789, 1790, 1791, and
1792, together with the quantity at London.
in the three firft of thefe years.

HE rain-gauge is a veflel placed to receive

the falling rain, with a view to alcertain
the exaé quantity that falls upon a given hori.
zontal furface at the place. A firong funnel,
made of fheet iron, tinned and painted, with a
perpendicular rim two or three inches high, fixed
horizontally in a convenient frame with a bottle
under it to receive the rain, is all the inftrument
required.

In order to determine the depth of water thag
falls in the open field, with this apparatus, we
mult have given, 1ft, the weight of the water
caught in the bottle; 2d, the area of the apers
ture of the funnel; and, 3d, the weight of a
cubic foot of water, which has been found equal
to 62+lbs. avoirdupoife. Then, if 2 = the area
of the aperture, in inches, W = 624lbs. and w

= the weight of the water caught, in pounds,
we fhall have this theorem, per menfuration,

20736



Of Rain-gauges, 8. 35
/zzg gauges, 3!
| niV

falls upon any horizontal furface at the time and
place, as required.

= the depth of water, in inches, that

By inverting this theorem, one may eafily
find the weight of water correfponding to any
given depth; which being once found, it is
moft expeditious, and fufficiently accurate, when -
the funnel has 8 or 1o inches diameter, not to
weigh the water each day, but to meafure it,
by means of phials, &c. fuitable for the purpofe.

IN the following account, we have given the amount of
the rain cach month, at Kendal and Kefwick, for 5 years,
except for 3 months at the lalt place; and alfo at /.ondon,
for 3 years: the laft is taken from the Philolophical Tran-
factions, The rain at the two before mentioned places was
taken each evening at 8 or 10 o’clock. To the account
we have added, the number of awe! days each mooth, or
thofe on which the rain amounted at leall to .oof of
an inch.

N. B. My rain-gauge at Kendal is 10 inches diameter ¢
and Mr. Croffbwaite’s at Kefwick about 8 ¢ they were both
fufficiently diftant from trecs, houfes, &c. ‘

IF2 1788,
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1788,
At Kendal. ;’{ At Kefwick. [At London.
Inches of rain.iwet days Inches of rain.jwet days|. Inches of rain.
Jan. 5.6160 20 0.439
Feb. | 3.3064 | 23 1.461
‘I March] 2.8183 16 0.336
April | 2.9047 16 3.9204 | 22 0.60%
May 1.1872 7§ 10 2.0840 9 0.497
June | 23137 | 7 1l 3.6876 9 3-275.
July 7.0323 28 || 6.3757 | 28 1.620
Avg. | 3.0883 18 5.077F 19 2,699
Scpt. | 46756 19 7.1382 23 3345
Od&. 2.1220 11 1.7537 13 ©0.103
Nov. 3.0460 18 3.2841 17 o510 f
Dec. 1.14.70 7 ) 09849 12 -
Total | 39.2575 | 193 343057 | 152 14892
from Mar. 27.5168| 134 ||
1789.
At Kendal. At Kefwick. [lAt London.
Inchcs of r'\m 'wet days IBEHEB of ram wet d1ys lnchcs of rain,
Jan, 7:343 22 | 8.5435 | 26 || 1.345
Feb. 8.924 24 9.0442 27 1.60%
March] 1.347 15 1.3245% 21 1.549
April| 4778 19 4.2383 21 0.957
May 5.388 20 3.6611 25 1.103
June 43711 18 7.0637 19 || 36244
July 6.389 25 5.2770 26 2.467
Aug. | 1.556 12 3.4569 14 13864
Sept. 5.436 24 72709 24 2.15%
O&. 6.864 2t 8.0907 23 3253
Nov. 5.451 16 6.090% 21 1.244 .
Dec. 12.048 | 28 | 8.1776 27 || _t.190
Total | 69.835 | 244 | 72.2449 ] 276 | 21.976 °
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1790,

At Kendal, || At Kefwick. {|At London,

: Inches of rain.|wet days|-Inches of rain. wet days|| Inches of rain.
Jan., 6.567 18 5.9377 19 0,967
Feb. | 3.662 15 4.0124 17 o115
March{ 1.606 | .10 1.3228 10 o.122
April 1.960 | 11 2.3198 17 1.4%70
May 2,645 14 3.4588 18 2.8¢98
June 4.114 17 5.1077 21 o.708
July 7,894 25 6.2509 24 1.700
Aug. 6.200 26 5.8524 26 1.991
Sep. 6.682 16 8.3950 | 20 0.368
Oct. 5.382 15 6.1304 16 1.108
Nov. 5.345 12 5.0550 13 2.512
Dec. 10.306 24 || 10.9010 24 2.093
Total 60.363 | 203 | 64.7439 | 225 || 16.052

1791. 1792,

At Kendal. | At Kefwick.| At Kendal. ’Athfwlck.

Tnches of| wet || inchs of ; wet || Inchies of | wet [| Inches of  wet

1miv. _(days.| rain, daysd rain. days.! rain. _|days

Jan. | 8.369 | 28|11.3574] 28] 4.120 | 13| 4.5041] 15

Feb. | 6.641 | 167 9.2244] 21| 5.820 | 14{ 4.9375] 20

March| 3.641 | 17| 3.1231] 17| 6.684 | 23] 9.6261 26

April | 4.810.] 17| 3.3190] 21j10.091 | 16}ix1.6460] 17

May | 3.983 ] 18| 3,9963 18| 5.922 | 19| 6.5167| 2}

June | 3.493| 13| 2.0133] 20] 3.514 | 16] 2.7110] 20

Tuly | 6.344 | 18] 8.2060| 20| 5.926 | 21| 3.8643] 20f

Ang. | 5.165 | 17| 5.8852] 16] 7.398 | 18| 5.9704 16

Sep. | 3.409| 10| 2.9715| 11)11.229 | 28{l10.6179| 25

O&. | 5.505| 22, 7.1272) 23] 6.028 | 20| 6.7357] 21

Nov. | 6.465 | 21| 8.7238) 23| 6.030 | 18} 5.8350/ 14

Dec. | 8,375 ! 22 7.8050( 23/12.122 ! 27]11.6404) 23

Total |68.200 |21973.5522241/84.884 1233 84.6051|23

Mean
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Mean monthly rain and number of avet Jay:, at Kendal and
Kefwick, for all the § years,

At Kendal. At Kefwick,
nches of rain.(wet days. Inches of ram iwet days.
1 Jan, 6.403 20 7-3558 | 22
Feb. 5.671 18 || 6.1624 22.
March 3-219 16 3.7324 18
April 4909 16 §.0887 20
May 3.825 16 - 3.9434 18
June 3-549 | 14 41167 | 18
July 6717 | 23 59948 | 24
Auguft’| 4681 18 5.2484 18
Sept. 6.286 19 7.2387 21
Oéo. §.179 | 18 5.967% 20
Nov. | 5.267 ] 57989 18
1 Dec. 8.80c0 | 22 7.9018 | 22
Total 64.506 | 217 68.5495 | 247

The greateft quantity of rain in 24 hours, for thefe 5
years, was on the 22d of April, 1792, namely, at Kendal,
4.592 inches. The rain at Kzfwick on that day, was fome~
thing lefs; but taking both the 22d and 23d, the ram was
leatly equal at both places. '

Befides thefe 2, there were other 2 days, at Kendal,
when the rain was betwixt 2 and 3 inches, and 56 days
betwixt 1 and 2 inches,

At Kefwick, for 4 ycaré and g months, there were 3 days,
befides the 2 above mentioned, when the rain was between
2 and 3 inches, and 53 days between 1 and 2 inches,

'SECTION
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SECTION FIFTH.

Obfervations on the Height of the Clouds.

R. Crofthwaite, of Kq/‘wzck has availed

himfelf of his fituation in the vicinity .of
high mountains, to make obfervations on the
height of the clouds; for which purpofe he has
chofen Skiddaw, the higheft mountain in the
neighbourhood, a very fine view of which his
mufeum commands. By means of marks on the
fide of the mountain, and with the affiftance of
a telefcope, he can difcern, to a few yards, the
height of the clouds, when they are below the
fummit, which is very often the cafe.—Perhaps
the following feries of obfervations is the only
one of the kind extant, as the labour and diffi-
culty attending fuch obfervations in a champaign,
or flat country, are fufficient to deter any one
from making two or three daily obfervations for
a feries of years; and when the whole fky is
clouded, they are quite impraicable.

He has determined, by trigonometry, the per-
pendicular height of Skiddaw, above the level of
Derwent lake, to be 1050 yards, which agrees
very nearly with Mr. Donald’s obfervations; and
ke has noted, in a column of his meteorological

journal,
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journal, every morning, noon, and evening, the

height of the clouds, in yards, above the level -
of the faid lake, when their height did not

exceed that of Skiddaw; and when it did, he

has marked it as fuch,

The refult of 5 years obfervations is con-
tained in the following table. All the obfer-
vations when the clouds were between o and
100 yards high are placed in one column, and
thofe when they were between 100 and zoo
yards high in the next column, &c.~In order
to determine what effeét the feafons of the year
have upon the clouds, in this refpet, we have
kept the obfervations in the feveral months di-
ftin&.—It is to be noted, that the column con-
taining the number of obfervations. when the
clouds were above Skiddaw, includes thofe ob-
fervations when there were no clouds vifible;
but Mr. C’rq/z‘b'waiie has noted this [aft circum-
ftance alfo, in the Journal and it appears, that
“about 1 obfcrvatlon in 30, of thofe in that co<
lumn, fhould be deduted on that account.

Clouds
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Jan. | of glr2| 28| 53| 39) 37| 32| 30, 39! 36] 116} 431
Feb.| si10| 5| 15| 41 451 45/ 27| 43, 38 29 94! 397
Mar.| 2 1] 6 11| 22| 40 32| 36| 24 32 44 184 434
Apr.| o] 4 5| 18] 24 34.! 37| 26| 231 38, 35| 206} 450
May| o] 1| 4| 8 13] 31| 22| 25| 30| 34! 27| 270; 465
June | o 2| 2| 6| 24 24 29| 21| 34/ 41| 34| 233| 450
July | of 2| 2/ 18 35 36 35 25| 35 48 38| 191, 405
Aug.| o 4| 5| 13| 27 39} 35| 26 25) 45] 30 215; 464
Sep. | o x| 7| 13 38] 38 32| 30| 27| 51| 27, 186 450
O&. | 3| of 5| 13 26| 4 i3: 31| 46 61} 37 164 465
Nov.| o| o] 3| 13 30 58 2| 38| 46| 45| 47] 128) 450
Dec. | 1| 8 6 23| 41| 53 39 50| 47| 45| 35 11| 460
Totalj10|42{62'179 3744864163674105184191098, 5381

It may be proper to obferve, that the fuppofition of the
¢louds riﬂng or falling with-the barometer, or us the denfity
of the air increafes or diminifhes, is not at all countenanced
by thefe obfervations.—Alfo, «that in very heavy and con-
tinued rains, the clouds are moﬁly below the fummit of the
mountain ; but it frequently rains when they are enmdy
above it.

G SECTION
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SECTION SIXTH

Account of Thunder-florms and Hail-fhowers.

TE fhall arrange the dates and accounts of

thefe, in the order of their fucceflion.

When the diftance of the thunder is mentxoned

“it is calculated by obﬁ,rvmg the number of le~

conds between feeing the lightning and hearmg

the thunder, and a]lov»mg 1142 feet of diftance
for every fecond of time.

T /Jz)nderﬁornzs at Kendal and Kefwick.

1788,

May 26. Several loud . peals of thunder a little before 7,
and again beforc g, P.- M. the laft very near, at Kendal,
The fame at Kefwick, at 7 P. M. with a few drops of rain.
—~The ftorm from the SE. ‘

July 3. From 6to 7 P. M. much thunder, and very hehvy
thowers at both-places. It came from the S.

Augult 15. From 7 to 8 P. M. thunder and heavy rain, -

from the NW. at Kefwick.
Avgult 16, At 75 P. M, a tremendous ftorm paffed on

the SE. of Kendal, 8 or 10 miles diftant; 20 or 3o flathes
and reports {ucceeded each other in about half an hour,

September 26, Diftant. thunder in the night, at Kendal,
At 73 P M. 2 claps at Kefwick, with much rain,

17890
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1789.

April 29, At 35 P. M. I'omc loud peals of thunder, at
Kendal.

-May 13. From 6} to 7 P. M. feveral loud claps of thun-
er, diflant, at Kendal.—DBetween 7 and 8 P. M. much
thunder heard av Kefwick, from the SW,

May 17. A little before 3 P. M. one clap of thunder
heard at Kendal.

June 12, Diftant thundu in the evening at Kendal.

—— 19, Diltant thunder P. M, at Kendal.

20. At 1 P. M. feveral claps dt Kendal :—the ftorm
returned.at 4 P. M. and there were 35 peals in  of an hour,
many of them uncommonly loud, and near;. there was rain
in the mean time, but not heavy.

N. B. A woman waé killed by lightning, in a houfe at
Sedbergh, about 11 miles from Kendal.

June 27, Diftant thunder in the cvening, at Kendal.

July 4. Diltant thunder at 2 P. M. at Kendal.—Loud
thunder, and heavy fthowers, P. M. at Kefwick, .-

July 6. After 2 P, M. diftant thunder, at Kendal.

—~——10. At 3 P. M. a diftant thunder clap, at Kendal.

——10, ‘At 24 P. M. diftant thunder, at Kendal,

21, Pall § P. M. 3 loud peals, at Kendal; and dif-
tant thunder, at Kefwick.

- Auguft 29, P. M. fome thunder, with heavy rain, at
Kelwick,

_September 29. After 9 P. M. much diftant thunder, with
fhowers, NW. at Kendal, --At 8% P. M. one long and loud
pealy at Kefwick.

September 30. Diftant thunder in the night, at Kendal.

170Q.

April 26, At 1 P. M. fome peals of thunder, at Kendal.
May 16. At 9 P. M. one loud crack, from the E. at

Kefwick.
G2 1790,
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1790.

May 17. At 114 A.M. one loud crack, and a- hcavy
thower, at Kefwick. ,

June 9. From 6 to 10 P. M, much thunder, thh ligtle
rain, at Kendal, .

June 16. Diftant thundcr in the evening, at Kendal *,—:
At 82 P. M. feveral loud claps, at Kefwick.

June*z2, From 6 to paft 8 A. M. much loud thunder,
with rain, at both places.

Anguft 27, Some thunder P. M. at Kendal.

September 3. P. M. a little thunder, at Kefwick,

1791,

January 5. Loud thunder in the mght, with hail, "at
Kefwick.

May 21. At 6 P. M. diftant thunder, and hail fhowers,
at Kendal.

June 4. Betwixt 1 and 2 P, M. feveral peals of thundcr,
at Kendal. ' The laft of them was the moft remarkable one
ever ‘remeimbered at this place j=—inflantancoufly after the
fiath, was heard a very loud and. tremendous crack, exattly
fimilar, but incomparably more loud, than the report of a
mufket ; every houfe in the town was fenfibly thaken by it,
and univerfal terror produced by the loudnefs and fingularity
of the report; but providentially no harm was done.—The
rain, mixed with hail, exceeded in quantity what has ever
been produced here on a fimilar oceafion, for 6 years at leaft 3
there fell upwards of one inch and a half in the fpace of three
guattérs of an hour, though a confiderable part of that inter~
val was moderate rain.

N. B. It is remarkable that the barometer was ﬂatxonary
all that day, and {o high as 30.06.

1791,

% There was, thxs evening, about Prefton-hall, 6 miles from Kendal, .
onc of the moft extraordinary torrents of hail and rain, attendéd with™
thumdér, that is upon record.
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| 1791,

June 12. At 4 P, M, a crack of thunder, with hail and
rain, at Kendal.

July 17. At 10 P. M. loud claps to the NW. at Kefwick.

~—18. After 2 P. M. feveral claps, at Kendal; one of
which not unlike that of the 4th of June. At Kefwick,
2 claps A. M. and 3 P, M. with exceflively heavy thowers.

Auguft 15, Between 8 and g P. M. there was the molt
lightning 1 ever temember to have féen at one time, at
Kendal; fome thunder was heard, but it was diftant, E.

Auguﬁ 16. From 53 to patt 7 A. M. much thunder at
both places, and heavy rain at Kefwick,

O&ober 20, At 85 A. M. oneloud clap of thunder, at
thchk, and much lightning from 7 to 10 P, M w=heavy
rain all day.

December 25, Much thunder from 5 to 7 P\ M. a¢
Kelwick,

1792,

April 13, At § P. M. much diftant thunder, at Kendal,

May 27. Between 3 and 4 P, M. fome thunder and rain,
at Kendal, .

July 9. At 7 P. M. diftant thunder, at- Kendah

——16. P, M. much thunder, at Kendal, Between 6
end 8 P. M. loud thunder, at Kefwick,

July 18. At 8 A. M. thunder, at Kendal.
z5. After 6 P. M. thunder, at Kendal.

" Auguft 26. At 3 P. M. fome thunder at Kendal.

O&ober 14. In the evening, lightning ; and at 10, diftant
thunder, at Kendal. From 6'to 11 the fame evening, light-

ning, at Kefwick ; and at the later hour, one long and loud
‘srack of thunder,

Days
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Days on which Ha1L bas been-noted in the journals
at Kendal and Kelwick.

Hall at Kendal. | Hail at Kefwick.
1788, © 1788, ‘
January 18. . April 4. Nov. 4. Dec. 26 & 31.
1789, 1789.

Jan, 18. Mar 9. April 26 {Jan. 15. Feb. 11. April1, 11,
O&. 1. Nov. 14. Dec. 15|& 24, June 27. Sep. 14 & 30,

& 16. Oé. 1 & go. Nov. 13., Dec
15, 16, & 31.

‘ 1790. 1790- ‘
Jan. 27. April 25. Aug. 3.|Feb, 16, April r1&14. Ju]y31.
Dec. 11&15 Scp‘.z&g,. Dec. 11 & 13.

1791, ‘ 1791,

Jan. 5, 7, 11 & 13. Feb, 1|Jan. 2, 4& 5. Feb. 11515 & 18.
& 11, Mar. 21. May 24,)Mar. 21. May 18, 20, 22, 23,
22 & 23. June 4 & 12. & 25. June 12 & 21. July s.
0&. 8 & 24. Nov. 5,16 & 28.

1792. 1792,
Mar, 19. May 2z, O&. 17,|Mar. 7. May 1 & 2. June 0.
Dec, 6 & 22, Sep. 20& 21, O&.18. Nov. 15.]

N. B. The winds that brmg hall fhowers are always SW,
W, or NW, in thefe places; and the barometer is generally
low.

In order to difcover what particular months or feafon of
the year, is moft ligble to thunder-frorms and bail-fhowers,
we have colleGted the feveral obfervations, at both places, in
each month of the year, into one fum, and placed them bélow.

. Jan. Feb, Mar. Apr. May June July Aug. Sep o&. Nov Dec.,-
Thunder 1 o o 3 7 5 12 7 4 2 o oy
Hal 12 7 5 8 11 6 2 1 6 7 7 13

SECTION



( 47 )
SECTION SEVENTH.
Obfervations on' the Winds.

"Have before obferved that my obfervatxént

“on the winds refer them all to § equidiftant
points of the compafs, and to 5 degrees of
ftrength, marked o, 1, 2, 3, and 4, refpeé‘twely
Mr. Crofthwaite has referred them to 32, or the
whole number of points, and to 12 degrees of
ftrength ; but I have reduced his obfervations to
.agree. with my own, in order to prepare the fol-
lowing table of comparifon.

The obfervations.at both places were made
three times each day, namely, morning, noon,
and evening.

It may be obferved, that the high winds do
not jn general differ materially, either in ftrength
or direion, at Kendal and Kefwick, as might
be expetted from the proximity of the places;
but when the wind is moderate, there is often
a difference in direftion; probably the moun-
tainous fituations of the places may have fome
influence in this laft cafe.

Here follows Tables containing the number of obferva-
tions on the winds cach yeur, in all the different direétions,
at both places. ;

WINDS
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WINDS AT KENDAL,

Years.| N. |NE.| E. | SE.| 5. [sW.| W, [\fw, | Jumb. of

1788131 | 139| 40| 79| o1|186| 84| 87| 837
1789| 94| 118) 38| 49| 94309} 76| 46| 824
1790|100 195| 17| 21| 25|329]¥37| 47) 871 |
a7gt| 62 259 16| 33| 19|440|138| 50| 1017 |
1792 | 51| 294\ 33| 24| 35472} 92| 33 1034
Total 438 1005|144 | 206 | 264 (1736|527 1263 || 4583

" WINDS AT KESWICK.

chan;' N..|NE.| E. | 8E. |- B. |SW. W. NW. 3‘,;?:2;:”
' 1788 "‘46 "_éd' 158] 98137108 —73§ 113 {| 945
1789 | "53] 47|150( 1201180146} 211|119 || 1026
1790 | 321 62143105134 |174| 237 89| 976 |
1791 441 7311331 66117225 z57] 67| 982
1792 | 49| 84139 | 88 1_61 213] 219! 49 || 100§
Total | 224316 | 723 | 477 | 732 | 863 11162{437 || 4934

To thefe tables we fhall {ubjoin an account of thofe days’
on which the highgﬂ: winds prevailed, at one or both places.

Higheft wind¥, marked 4, at Kendal and Kefwick.

]'788-
* Jan. 19. March 16. April 1 and 3. Dec. 26 and 27,

1789. ‘
Jan. 13. Feb. 2, 3, 4 171, 15, and 24. O&. 1. Now. 13,
Dec. 15, 18, 19, 20, 24, 25, and 30.

, 1790,
Jan.11. Feb. 12 and 26. March ro. June 19. July 5,
20, and 21, O&. 12. Dec, 15 and 23. _
. ' 179%.
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1791'-

Jan. 4, 5, 7, 8, 11, 12, 13, 15, 17, 18, 19, 24, 25, 29y
and 30.—N. B, Thefe winds were all W. or SW. except
on the 18th aud 1gth, SE. Febi 1, 10, 11, 12, 15, 18,
19, and 22, March 4, 13, 19, 21, and 23. May 17 and 1g:
June 16. O&. z0. Nov. 9, 11, 12, 19, 26, and 27. Dec. 1,
13, and 25.

1792.

TFeb. 2. March 18. April 2, 15, 22, and 23. Sept. vo.
O&. 1, 2, 3, and 31. Nov. 18, 19, 20, and 21. Dec. 4, §,
6, 9, 10, i1, 18, 20, 22, and 23,

In order to determine what months of the year arc moft
liable to high winds, we have found the amount of the
number of days in the {everal months, on which the higheft
winds were obferved, according to the above account.

Jan. Feb. Mar, Apr. May June July Aug. Sep. Ot Nov. Decy
18 17 8 6 2 2 3 o 1 7 iz 24

e
SECTION EIGHTH.

Account of the firff and laff appearance .of
- Snow, each winter; the Froff, Snow, fe-
verity of the Cold, e,

OST people know that fnow firft appears
in general upon the mountains; and the
hlgher thefe are, all other circumftances being

the fame, the fooner their fumniits are covered
: H with
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with fnow ; if they exceed a certain height (whick
varies with the latitude) fuow continues upon
them all the year round, or is perpf:tual but this
is not the cafe with any mountains in Lngiand.

The hlg,hcﬁ mountains Teen from Kendal are
‘to the NW. and do not ¢xceed 6 or 4 hundred
yards -in height. as has been obferved; it is
thefe of courle that are firft topped with funw,
The mountains in the neighbourhoed of Agjwick
are much higher.

The firlt appearance of hoar froft, each au-
tumn, has been pretty care fully noted, but the
laft appearance of it, in the ifpring, has not, it
being inconvenient at that feafon 1o make ob-
fcrvanons previous to the rifing of the fun.

‘The dates of the different appearances follow
for each year, together with the mean times;
or, thofe times betore or after which, upon an -
~equ: ality of chance, the events may be expected
in future.

Laft fnow (een on the/[The fummits of the
1The firft hoar froft
ta
wmeatains,. in the![ . mountains covered on the beﬁ

| _foring: | wich fnow k
Kendal | K. ofwick.| Kendal. Kg/ wzcl' “Kendal. Vufwwk._ ‘

1788 May 30|June 6‘ Nov. 15'Nov. 13 »Scp 15’Sq). 15
1789 IMay . 14! June 30! Oft. 13108, 29:Sep. 17:8epe 17
1790 oApmzs'ApnlMi Nov 220&. 31, Sep. 8Sep. 4
1791 June 12 June 1210¢t. 22 O&. 22 Od. 130& 13
1792, May 1 Mar, lglNov. 15 O&.  9iSep, 16/Sep. 15

Mgﬁ] May 16/May 17| Nov. 80& 27|jSep. 208cp. 19|
1788.
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1788,

IN the beginning of this year there was very little froft
or fnow; the moft fnow was on the 7th of March, being
above 2 inches deep, both at Kendal and chw:c.é

Iu the beginning of December the froft fet in, and con.
tinued for 5 weeks; the mean ftate of the thermowmeter for
which time was 28°; and at the end of it the fioft had pe-
netrated 16 or 18 inches into the ground.~—Above 3 inches,
of fnow fell on the 31k,

1789.

Not much fevere froft after the middle of January.—
Snow oo the 14th and 21t of the fame.  Much fuow from
the gth to the 14th of March; about 6 inches decp, at an
average, hoth at Kendal and Kefwick.

Frott in Novembcx 3 very little in Dccembcr.

1790.

Little either froft or {fnow, in the beginning of the year,
Oa the 17th, 18th, and 19rh of December, much {now,
4 inches deep, at an average, at both places.

1791,
But little froft or fnow in the beginning of the year..
On the 8th, gth, and r1oth of December, a very great
quantity of fnow; the average depth, at Kendal, was 11
inches, which was the greatelt obferved there for 24 years
pait; the average depth at Kefwick was about 8 inches,
., Tt was on the evening of the fucceeding day, the 11th,
that the extreme of cold took place; the air was clear, and
the wind from the N. but very moderate; the barometer
was 20.75; it was rifing before this event, and 1t fell
afterwards, At Kends/, the thermometer at 85 Po M. was
—~ 9, upon the fnow ; afterwards it fcll to — 10°; in the
Haz - morning
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morning of that day it was 15°, and 20° at noon.—During
the extreme cold, a prodigioufly denfe mift was carried from
the river into the town, in which the thermometer fell ng
lower than 3°, whilft it was — 10° to the N, of the river,
and the air quite clear. The next morning the thermo-
meter was at 38° and the day windy, with fhowers of
{fnow, hail, and rain. '

Probably the cold at Kefwick was as extreme as at Kendal,
Mr. Croffhwaite’s lowelt obfervation was-6°; but the prox«
imity of his thermometer to the houfe, might be a means of
keeping up the temperature in fuch an extremity ag thie.

1792

Btrong froft the fecond week in January.
Little froft or fnow in November and December,

|

SECTION TENTH.

Account of Bottom winds on Derwent lake,

ERWENT lake i one of thofe few which

, arc agitated at certain times, during a
calm feafon, by fome unknown caufe. The,
phenomenon is called a bottom wind,

Mrv
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Mr. Crofthwaite has been pretty afliduous in
procuring intelligence refpeting thefe phenoe.
mena, and in obferving any circumftance that
‘might lead to a difcovery of their caufe; but
nothing has occurred yet that promifes to throw
light on the fubje&.

N. B. The lske is near Kefwick.

The following is an account of the times and cir
cumfances of the feveral obfervations,

‘ 1789. ;
April 30. From 8 A, M. till noon, the lake pretty much
-agitated. ‘
" Auguft g. At 8 A. M. the lake in very great agitation;
white breakera upon large waves, &c, without wind,

Augult 27. At g AL M. a fmall bottom wind,

1790.
June 20. At 8 P, M. a bottom wind on the lake.
O&ober 11. At 8 P. M. a bottom wind on the lake.
December 1. At 9 A. M. a ftrong bottom wind on the
lake. ‘

1791,
The phenqména that took place this year, if any, were
not noticed.

1792.
" Oftober 28. At 1 P. M. a bettom wind; the water
wuch agi:atcd.

SECTION
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SECTION ELEVENTH.

Account of the Aurorz Boreales feen at Ken-
dal and Kefwick.

HY aurora borealis, or that phenomenon

‘which in England is called the Northern
lights, or ftrecamers, has appeared frequently to
all the northern parts of Eurgpe fince the year
1716, though it feems to have been a rare phe-
moménon before that time.

Sometimes the appearance is that of a large,
fill, luminous arch, or zone, refting upon the
“northern horizon, with a fog at the bottom; at
other times, flathes, or corufcations, are {een
over a great part of the hemifphere.—We fhall
defcribe the general phenomena more at large
in the eflay on the fubjedt, in the fecond part of
this book ; and particular obfervations will be
given at large in the addenda to this {etion,

Explanation of the following Lift.

IN the firlt column we have ngen the month and day
on which the gurora was feen; in the fecond, the hour
P. M.; when no hour is mentioned, it is to be underltood
to have happened becween the end of the twilight and 10
o'clock. The third column contains the moon’s age at the -
time, or the number of complete days betwixt the change

and
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and the awrora ; the fourth contains the days in like manner
betwixt the ful/ and the aurora; the reafons for thele twe
~ columns will appear in the Effay.  In the fifth column we
have charafterized the aurora, by one or more words : flill,
denotes the northern horizontal arch; and affive, denotes
thofe appearances when diftiné flathes and corufeations
were feen: but this diftin@ion was not always attended to,
and if it had, the awrora often exhibits both appearances at
the fame time; grand, denotes a large dilplay of ftveamers
over gréat part of the hemifphere ; Abigh, denotes near the
zenith, and Jow, near the horizon, apparently.

N. B, The dates of thofe obfervations not charaderized,
I reccived from 'a friend ; they may be depended on as
authentic.

A Lift of the Aurorx Boreales obferved at Kendal
and Kefwick, for 7 years, namely from May
1786 to May 1793, together with the moon’s
age at the refpective times of obfervation.

N. B. For diftinéion’s fake we have marked all thofc
that were obferved at both places with 2, and thofe obferved
at Kefwick only, with 1; the reft were obferved at Kendol
only.—Thofe marked b, were doubtful obfervations, from
twilight, or other caufes.

%53 =B
n;; ; zﬁ Chara&ter. p..; :‘i Charaéter.
s R ,
1786, if_iﬁ 1786. ﬂ?‘ A'i ’
May 1 3 :Scp‘zr 29,14
l——11] 13| —26| | 4
——22| 24 9 —29 | 7,
. ‘klv 15| 120 4 -*O&. 13 zx{ 6 ,
ug 11 |17 2 25| | 3! '
—17 j23' 8 Nov, 14| [23: 8
Scp. 8 16 1 [ Pec.zsl | 5 jative, low.
R 27! g
: ;g ‘ 2;1; Number 16.

1\7"87?
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-

o= i o=
Ak {4EE
PAE Chara&er., 5|w|%| Charaer.
) Qi P Sl B :
| 178y, (8 1788. E___ﬁ
Jan, 12| [23] ¢ Jan. 13 8| 5 [rranfient
—24] | 5| ———14 8| 6 (large, Rill
25 6 151 91 7| Jlarge, fill
Feb. 22 | 4 Feb. 4 9'zp2Mill
Mar.21| 8/ 2/ [allive, high [ 6| |29!14]a&ive, high 1
——24| 8| 5| “jpétive, high 71 | o |fmall 1
Apr.ig| 9| 1| thigh. o 8 1| {faint, fill
-——20| | 2{ thigh. p 12| } 5| fjactive, Imall 1
—26] | 8 [altive, low Mar. 711] o] jaétive, fmall 2
May 12| [24i10|faint. D —— B | 1] |altive, fmall .
———16] 9|28/14/high. p ‘ 28/tof21] Gbright, large
——17%} 9] of [a&tize Apr. 11025110
18l11] 1] |aGkive ——— 310[2712]large, grand
June 4|11j21] 7]a&ive 710 1| laglance, clouds
Aug. 7l 9]24 gt&ive 1412 8 ,
———19[10| 6 &ive . Nz 1of21] 7|01l low
Sep. 19| 9| 8| [bright, il  ——2810J22| 8lackive, high 2
O&. 4liojaz| 7itill ——2910|23] gllarge, ative
—— 6|10/24| glactive, faint - 3010124/ 10lfLill
f——#|10[25|101a¢kive, large  [IMay 1'toj25{11)a glance, clouds
———17{11] 6] lattive(a) ——— 4{10[28 14]tranfient
1o} 9| 8 |fill 10j10| 4 |high. b
Nov. 4| 9|24| 9jlarge, bright t1j1o| 5t llarge, fill
8| 8:28 r3llarge,bright(4)m—z4|10/18] 4 very grand(c) z
" 28| 9l|1g| 3iftill, fmall 25(11[1g| 5igrand
29| 9l20] 4iftill, {mall ———zyir0)21| 7jaltive
———30] 9[21{ 5'ttill, fmall June 3! 2914large. » |
| | Number z7.[[July 30| [27|12{aétive
1788, | Aug. 1l10] of [aétive (d)
Jan. of 6] 1| [fill, low — 2[10, 1| |a&ive
10 8 2| |Rill, large 2 |— 3|to| 2| |[mall
11| 8| g |fill, faint --——1910;!8 3llargc, ftill 2z

{#) A heavy thower, with thunder, juft before,

1788,

(6) Several flathes of lightning with it, after a very wet day, =

{c) From 10 to 11 P. M. uncommonly brilliant, aftive ftreamers over moft of
the hemifphere ; they were faid to be heard,---Not much inferior the next mght.

(#) Splendid fireamers, extent from NE. 49 W. ; no fog bencash,
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,;i

S e HES
ool Charader, AP Chara&er.
Bl e Slal™
1788, (B &) 178g. \B| A& ,
Aug 23 [(22|7 |verygrand(a)2/——z29| | 3{ ‘jaglance, cloud
20 10|28 13lative ——30| | 4| [4glance,clouds
Sep. 2 2| il Apr.xz| (17 3jfill
— 6 6 ag]ance, clouds——13| |18} 3 ftill 2
|10 - |10} [faint, ftill 30| | 5{ |[fill
Oc. 12'4vi12] il June 12{10}19] 5laétive
-21{10;22| GIfLill Augrg (22 8la&kive, high 1
24! |25] lftill ‘ ———14/10[23] glaétive, high
f——27 28j12/till = fl——15] 9]24|10|ttill
g0l g 7] (Rl 1 610251 1)ftiH
i3 t] of 2| (large, fill  ——— T TSR3
Nov. 1} "t 3| (&ill l———18{10i27| 1 3la&ive . .
Jm19| gi21] 6itill ———109{1028/14/a&tive, high
f—27| 7| of (faint, fil 20|10 Ol lalive
|——28] | 1| |bright, fill 25| | 5| [ative ¢
—30| 7| 3| ‘il Sep. 14{10(34{10itill (d)
Dec.25| (24! 8&ill 2 1 5)10[2 5} 1 3 {Rill
24] |27[112&ive 20/10| 1} [tine, a&ive 2
‘ ] [ Number g3 [—23f | 4} |[fine, clouds
1789. ——26| | 7 [rand(e) 2
Jan. 11| |r5! olfill 0&.18) | o a&ive
Feb. 15] 120 5'a&ive, fmall x ——1g|t1] 1} jutive .
——23.11 28 13/aétive ~~—20| | 2| |grand{f)
f——2610 1 }large. a@ive [——23| | 5| flarge, il 2
——28] | 3 Jlarge,bright(8) 25| | 7 fill
Mar.14] |17] g'verygrand(c)2|~27| |9 g!l{
16 Jig siill, fmall 31 813 il
I 178g.

(a) Soon after 8 P, M. a broad arch was obferved, extending quite acrofs the
Beavens, through the zenith, from E. to W, nearly ; but its caftern extremity in-
clined to the north, and its weflern to the fouth: _afterwards an uncommonly
grand-difplay of Rreamers over two-thirds of the hemifphere.

(6) At g1 P. M, there was a large bow, like that of the 138 of Auguft laft.
(¢) It began §, of the prime vertical, and afterwards (pread northward,

(4) Flathes of lightning, both this evening and, the fucceeding,

.(a)Moft of the hemifphere finely illuminated with fireamers.

() From & to 10 a grand difplay of fireamers evur great part of tpg’hemirphm.
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TS RN=T ““"
= RE A
P 5 Charaéter. ol @2t Charater.
Simi , &
1789. [B| A Hrygo, 4 08
Nov, 4l 17 1 ftill © 0. 31:8T23 8 [HIL .
lo'uzgi = ftill Nov. 7100 10 fill
14! |2711jbright(e) 2 |}~ 8 9 2= ftill
19 | 2, Jluge, flill 2 J—n g i 3 (il
2 1 4, laélive 2 ———1010 4 [ftill
: 22 51 |lne, altive " |l——12'10 6, |fill
2411} 7] [l ‘--—--16,10‘10; fill
2§10 81 ftill 2 821 Gitine, aive 2
26 o |l 28 822 vitilly faint
——z27(1c{to] [a&ive , 30 10/ 24 g|ftill, faint
Dec.1g4) 2712 (hll_,wcal_guds Dec 23] - 19" 4/ftill, faint
\ ]“ Numbnr 45128 |22, 7(lil],mfa'\.inyt
17g0. ! | | 1 1 Number 36,
Jan, 14! 7i20{13|fill 1791, | . o
Feb. 3| (19| 4/ttill [Han. 6 9| 2| [|very grand z
{—— o} |251offtill Feb.zs| (22| 9bright, fill
Mar.10] |24/ g|ttill, faint Mar. 3| [28/rgiftil
16 s gl 5 i |dill
17| 1o2]  |it1l], faint a1 3 el 2
18 g |&itl’ —26! 22| Gllarge, fill )
19 4} (ftill, bright | 29| |25] offtill, low
30 5| [Rill, bright Apr. 3 o |l {mall
Apr. 3| - l1g! gltill, low 20 17| 2.0till
—— 4| |20 galtive, low  ——23 20 sitill
| — Y ﬁl{hll faint ——25! |22/ 7ill, fmall
|—— 6] l22. yftill May 1210, 9| |ative
f— 7 11'23] 8L 2011,17| 2 aftive
w gl -25l10 il -~ MJune 1ol | 9| lative
1611 2/ lative Scp 5 7l iaétive
——17'10 3| |large, fill —— 81070 |fill, {mall
May 12| 2813a&ive - J——11] g'13  fll
——14{ | o |fill 13 g 1l
—16| | 2| |Rill —27 | © ]ﬁlu
——18 14 ftill 28| | 1| il
Sep. 793 2814kill . Oét. 15| - 18] 38ill
Oé&. 9 "1 ﬁill, faint, ‘ 1g] [22] % il ' !
—187, 10, il 1 20. 23\ 8aétive(})

1791
{a) Lighming afterwards, (4) Thunder at a diftance this evening.
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T8 T B ]|
= | w5 | Charadter. = o5 . Charater
EiE g |’ '
1791, E..:’.f {1792 T f_l
O&. 22 |25 1oftill,bright 2|June 30/1M 10|  a&tive-
——23| [2611:1ill [ Augs 410 16] 2 a&tive, {mall|
fr29)| zi large, bright{l.——23({10 6] . a&ive
3 1 attive Sep. 2210 6 biight. flill
Nov 3 7l large,a&ivez; O&. 12/1026(12 {mall, il
J=—m 4| | 8" [ftill, faint —*13 27113 very grand 2
J—5 g |ftill, faint | 14 2814a&tive 2
——11] - |15 1[Il ——1810 3| fmall
14|, (18, 4lttill- —2: Is, ftill
—17| (21] 7 (it —~——31 Si 16| 2 a&tive, low
b——18| {221 8itill Nov.!g 91 4 il 2
Dec.13/6; '8" 3|fine, attive | Dec. 7 23] fhll 1
——19| |24 glttill 7] ]Num“ber 23.
26 | 0 jitill ,
- B N T TANR
[} |Number g7, . 11 1029 14 0ill, fmall
17924 ' 12 | o' [adtive
Jan. glrof15! oflarge, fill 13 -l
F——r7| |23 8jtill, faint Feb 8\ 2712 (hll
——18| 124 o|ftill, faint |——12; | 2 lgrand 2
Feb. g |17 1iftil ——-—15[ 5| 'anarch 2
f——17| (25 gftill ]Mar 5. 23 8l
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General obfervations on the Aurorz before Oélober‘
13, 1792.

IN making obfervations upon any phenomenon in nature,

with a view to afcertain its caufe, e

every particular circam.

fance: fhould be attended to; for, though many may be

I

2

found

# A'more particular account of the fucceeding ones will be given hereafter,
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found afterwards to be trivial, and of little or no moment in
leading us towards the difcovery, yet fome one or other of
them generally happens to be of importance. It will be
feen hereafter, that the exaét bearing and extent of the large,
#ill, horizontal arch of the aurora, and the point in the hea~
vens to which the corufcations tend, are amongft the cir-
cumftances of much importance in the inveftigation of itg
canfe, Thefe circumflances, it muft be confefled, were not
accurately noticed, either at Kenda/ or Kefwick, previous to
the middle of O&ober, 1792.

As for myfelf, the only minute I ufually made upon the
Jill aurora wus, that it was fituate in the NW. by which 1
meant that its centre was between the N. and the W, withs
out once attempting to alcertain the exalt bearing of the
eentre ; and the corona, when there was one, is often men-
tioned in my notes, as being fouth of the zenith, but the
number of degrees was not afcertained.

Mr. Crofthwnite, however, has been rather more particular.
at times with refpe& to the bearings, extent, &c. The’
centre of that on January 10, 1788, he obferves bore NNW.;
that of the 28th of April, NW.b N.; the centres of all
the reft are {aid to have been between the North and Weft,
or clfe North; not one was obferved to have its Centre to
the Eaft of the meridian;

N. B. The additional obfervations on 1he Aurore, beginning
with that on the 13th of Oflober, 1793, will be given afier the.
newi Seltion.

SECTION .
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SECTION TWELFTH.

- On Magnetifin, and the variation of the Needle,

N order to underftand the additional obfer-
vations, and the. fubfequent Effay on the
aurora borealis, a competent knowledge of mag-
netifm is requifitey and as the principal fafts
relating to that fubjedt are few and fimple, we
have thought it would not be amifs to ftate
them here, for the fake of fuch as may not be
previoufly acquainted therewith,

The Loadftone, or natural Magnet, is a mi-
- neral produion, found in the bowels of the
earth, amongft rich iron ores, of which it is one
itfelf 3 its diftinguifhing property is that of at-
tracting iron and fteel. This property, which is
called magnetifm, is communicable to fee/ only,
fo as to be permanent ; and to iron when within
" the influence of a’ magnet, but as {foon as the
magunet is withdrawn, the magnetifm of xron
geafes,

Every magnet has two oppofite points or ex-
tremities, called its poles; the one is denomi.
nated its north pole, and the other its fouth pole ;
and the attraltion of the magnet is ﬂrongcﬂ; at

its poles,
ko If
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If an oblong bar of tempered fteel (it will

anfwer well if g inches long, half an inch broad,
and a quarter’of an inch- tlfick) be rubbed over
from one end to the other, always the fame way,
by'either pole of a magnet; it -will be converted
into a magnet itfelf; and that end to which the
pole was firft applied, will be a pole of the new
magnet, of- the fame name as the generating
pole. By rubbing the new magnet the contrary
. way,. with the fame pole, its magnetifm will be
firflt” deﬂ:royed and: then frefh magnetifm will
be communicated ; but the poles of the new
magnet will be of contrary names to what they
were before,

Either pole of a magnet attrats iron, or {‘ceel
not magnetic; but the pole of one magnet, e~
pels the pole of another magnet, of the fame
name, and: attraé?s the pole of a contrary name ;
the repulfion in the former cafe feems to be
equal to the attration in the latter,

Magneti{fm is fometimes communicated, de-
ftroyed, or inverted, by lightning, or by an
elc&ric thock, &c.

If a magnetlc bar, or needle, be fuffercd to
move freely in an horizontal plane, it will only
reft in one pofition, when the north pole points
northward, and the fouth pole fouthward.—
Hence the common needle and compafs, which

was
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was invented about the beginning of the 14tk
century.

If a plane perpendicular to the horizon be
conceived to be drawn through the horizontal
‘needle, when at reft, it is called the plane of the
magnetic meridian; and the-angle made by this
plane, with the plane of the true meridian, jis
called the wvariation of the ncedle.

If a magnetic needle be nicely poifed on an
~axis pafling through its .centre>:of gravity, or
middle, and fuffered to move freely both. hori-
zontally and perpendicularly, it will reft only in
one pofition, namely, when in the plane of the
_magnetic meridian, .and having its: north -pole
.pointing towards the ground; the angle of de-
fleGtion from the horizontal plane, is called the
dip of the needle, and the needle itfelf in this
cafe a dipping-needle ; its pofition is the proper
and natural one of every magnet that is fuffered
to be guided folely by the magnetic influence.
From this phenomenon, and others of the fame
nature, it is inferred, that the earth itfelf is @
magnet ; whether its magnetifm refults from the
united influences of the natural magnets: it cona
tains, or whether its magnetifm may be in its
atmofphere, is not certain; and as poles of un-
like denominations attra&t each other, the fouth
pole of the earth’s' magnetifm muft be in the
northern hemifphere, becaufe it attralts the

north pole of the needles -
The
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The variation of the needle is very different
~ at different places of the globe, and even at the
fame place at diffcrent times ; in thefe parts it is
at prefent wefterly, and is increafing every year;
‘the variation at London in 1580 was 11° 1 5 “E.
in 1657 it was o° o”; at prefent, 1793 it is
about 22° W. and increafes nearly 10" each
year. From the refult of feveral obfervations I
find it to be 25° W, at this time, at Kendal.

The dip of the needle too- is very different at.
different places, and probably at the fame place
at different times ; but, for various reafons, the
obfervations on this head are neither fo nume-~
rous nor fo accurate as thofe of the varjation.
It feems-at prefent to be about 72° at London,
according to Mr. Cawallo ; and there is reafon to.
fuppofe, it is not many degrees different in any
part of England ; for want of | proper inftruments
I have not been able to afcertain it at this place.

Befides the annual change in the variation
of the needle, there is a daily change, or varia.
tion of the variations. According to Mr. Canton,
who made a ferics of obfervations on the daily
variation for a long time, the north pole of the
needle moves gradually weftward till 2 or 3
P. M. and then returns gradually to its former
ftation ; the mean daily variation in winter i
about 7%, and in fummer about 13 He more-
over obferved, that the needle was difturbed
when an Aurora borealis was in the atmofphere.

I have
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1 have myfelf made a'like feries of obferva-
tions for fome months, and find them in general
to agree with his; but as it is not neceffary for
my purpofe to relate the refult of them, any fur-
ther than what is contained in the fubfequent
pages, I fhall not detain the reader longer on
the fubjeét.

Addenda to the Obfervations on the Aurore
Boreales.

1792.

OCTOBER 13. At Kendal, A. M. frequent. gleams,
P. M. hazy; from 4 till 8 rainy, at which time the clouds
to the fouth were remarkably red, and afforded fufficient
light to read with, though there was no moon, nor light in
the north, The unufual appearance raifed my curiofity,
and I waited with impatience to fee the clouds carried off
to the SE. (for the wind was W. or NW. and pretty frefh).
In the mean time, having by me a'very good theadolite, made
by Dollond, T took it out te make obfervations ou the bear-
Jing, altitude, &c, of any remarkable appearance.
From 93 to 10 P, M. there was a large, Jnmindus, hori-
. zontal arch to the fouthward, almoft exa@ly like thofe we
fee in the north; and there was one or more faint, concen-
tric arches northward,~—It was particularly noticed, that
all the arches feemed exaltly bifeGted by the plane of
the magnetic meridian. At half paft 1o o’clock, ftreamers
appearéd very low in the SE. running to and fro from W.
to E, they increafed in number, aud began to approach the
zenith,
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zenith, apparently with an accelerated velocity ; .when, all
on 2 fudden, the whole hemifphere was covered with them,
and exhibited fuch an appearance as furpafles all defeription.
—The intenfity of the light, the prodigious number and
volatilitjr of the beams, the grand intermixture of all the
prifmatic colours in their utmott fplendor, variegating the
glowing canopy with the moft luxuriant and enchanting
fcenery, afforded an awful, but at the {ame time, the moft’
pleafing and fublime fpectacle in nature. Lvery bady gazed
with aftonithment; but the uncommon grandeur of the fcene
only lalted about one minute; the variety of colouts difap-
pcared and the beams loft their lateral -motion, and were
convertcd as ufual, into the flathing radiations; but even’
then it furpafled all other appearances of the aurora, in that
the awhole hemifphere was covered with it,

Notwithftanding the fuddenncfs of the cffulgence at the,
breaking ont of the anrora, there was a remarkable wgula-
rity obfervable in the manner.—Apparently a ball of fire ran
along from E. to W. and thz contrary, with a velocity fo great
as to be but barely diftinguifhable from. one continued train,
which kindled up the Teveral rows of beams one after ano-
ther; thefe rows were fituate onc before another with the
exaételt order, fo that the bafes of each row formed a circle
croffing the ymagnétic meridian at right angles; and the fe-
veral civeles role one above another in fuch fort that thofe
near the zenith appeared more diftant from each other than
thofe towards the horizon, a certain indication that the real
diltances of the rows were either nearly or exatly the fame.
And it was further obfervable, that duung the rapid lateral
motion of the beams, their dxre&lon in cvery two neareft
rows was altcrnate, fo that whillt the motion in one row. was
from I, to W, that in the next row was from W, to E,

-The point to which all the beams and flathes of light uni.
formly tended, was in the magnetic meridian, and, as near
as conld be determined, between 15 and 20° fouth of the
zenith,—The aurora continued, though diminifhing in fplen-.
dor, for feveral hourn. There were feveral meteors (falling

ftars)
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ftars) feen at the time; they feemed below the awrora, and-
unconneéted therewith, It was feen at Kefwick, I.m],r,
&ec. with much the fame circumitances ; but how far it tx-
tended [ have not learned.

The variation of the needle during the aurora, was not
noticed.

Ottober 14. I did not notice the aurora myfelf this even-
ing ; there was thunder and lightning, both here and at
Kefawick, at the time of the aurora.

Ottober 18. At Kendal. The aurora this night was an
oblong, luminous cloud, about 15 or 2z0° long, and 4 or §°
broad, 'bearing about SE. by %, and 10 or 20° above the
horizon ; its fouthern extremity was higher thun its northern,
and it evidently lay in the 1radt of a great circle from L. to
W.—It difuppeared feveral times, and reappeared again al-
moft inftantly ; and feveral times waxed and waned without
vanifhing ; no radiations fhot from it.

- Ofober 23. At Kendal. The aurora this cvening ap-
_peared as an arch in the north-weft quarter, from which
proceeded feveral beams; they converged to a point on'the
magnetic meridian, about 18° beyond the zenith.

O&ober 31. At Kendal, A few beams were feen to run
to and fro from E. to W. low, or ncar the horizon: the
moon fhoue bright at the time, and the clouds coming on
foon after, the whole was obfeured,

November 19. At Kendal, the particulars of the obfer-
vation were miflaid; at Kefwick, the auwrora vofe to about.
18° above the horizon, and was fituate in the ufual quarter,

December 7. At Kefwick, a faint appearance ; about

«5 high.

1793
January 11. At Kendal, a fmall arch in the borizony jt
rofe to § or 10° alutude, and was bifefted by the magnetic
meridian. :
January 12. At Kendal, from 6 to 9 P. M, a horunnt’ll
| luminons arch, 20° altitude, and bifected by the magnetic
K2 meridian.



68 Addenda 0 the

meridian. After 9, fine ftreamers ftruck out, and ran to
and fro 2 while acrofs the faid meridian, and then were con-
verted into flathes, as ufual; fome rofe up to the zenith.
The point of convergency, and every other particular, were,
to all appearances, the fame as have been defcribed before,

The needle was confiderably agitated at the time.

January 13. At Kendal, very bright in the northern ho-
rizon, but clouded above~The variation of the needle at 6
P. M, 25° W.; at 9 P. M. 24° 347; at 10 P. M. 24° 54;
sext morning 25° 4.

February 8. At Kendal, bright northward at 83 P. M,
at jo, the luminous arch was 16° altitude.—~The other cir-
sumftances relating to it follow, fuppofing the variation of
the needle at the noon of that day z5° W,

Variation of
H. M. the necdle,

10 «— P. M. 25° 0" W. the arch rifing.
10 10 —— 24 54 — bright ftreamers, low, with clouds.
10 30 24 42 — ftreamers rifen; fine, weltward®.
10 35 ~—— 24 37 — a fill light; clouded above.
10 4§ ~——— 24 §7 ~— bright, eaftward ; clouds above,
10°5§ —— 25 7 — light equal, calt and weift.
11§ ~—— 25 7 - hright, low’; clouded above.
11 15 ~——— 24 57 ~— clouded, but bright eaftward..
It was related to the magnetic meridian as the former ones,
February 12. At Kendal, the aurora appeared foon after
6 P. M. flaming over two-thirds of the hemifphere. The
beams all converged to a point in the magnetic meridian,
about 15 or 20° to the fouth of the zenith, as was found
from frequent trials.—The other particulars follow.
H. M. Variation, ’
5 —P.M.25° 5'W.
6 35 ——— 24 49 — altitude of the clear fpace fouth 35°.
6 42 —— 24 5§ —~alt.of do. 20°; ftreamers bright, caft.

6 50 ——25 — “‘} ftreamers bright and a&ive all over

; ; ;g fz —{ theilluminated part.
H

* That is, relative to the magnetic meridian, here and elfewhere
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H, M. Variation,

10 P. M. 24°40° W. difappeared in the weft; a&ive, eaft.
1§ w24 40 —

20 ——— 24 3§ - allive about the zenith; light faint.
25 —— 24 45 — light faint.

35 —— 24 45 — light faint,

o e 24 45 — ftrong light northward.

24 45 — }a large, uniform, &ill light, cover.

io : . .
ing half the hemifphere, with
35 24 47 — flathes now and then. ’

1§ ~— 24 43 ~— ftreamera NW. bright, eaft; clouds.
20 ~—m— 24 43 — the aurora burfting out afrefh,
30 ——— 24 50 — ] as fine and large a difplay of ftream-
10 — ——v24 55 —§  ers as has appeared this evening.
10 1§ ——— 24 §7 — ) the light growing fainter and
10 35 24 40 — fainter.

8§ —A.M.24 57

N. B. The arch bounding the aurora to the fouth, was
always at right angles to the magnetic meridian, when
perfedt.

At Kefwick, the fame evening ; 7 P. M. ftreamers from
ENE. to WSW. and 28° paft the zenith; perpendicular
beam bore N. 17° W.—At gh 25m very fine; they con-
verged to a.point 15° fouth of the zenith, bearing SSE.—
Altitude of clear fpace 30°. The perpendicular beam N,
35° W.; extent on the horizon from ENE to WSW.—
At 10h gom they were fettled in the northern quarter into
an arch of 13° altitude, whence ftreamers fhot up towards
the zenith,

Tebruary 15. The aurora of this evening was {fecn both
at Kendal and Kefwick, and, ns far as the eye could judge,
the appearances feem to have been the fame at both places.
-—It was a luminous arch, the centre of which bore SSE, ;
and it was extended in the oppofite dire€tions of ENE, and
WSWi: on the weft fide its extremity {eemed to touch the
mountains at both places, at the altitude of 6°; and on the
eaft fide it extended about half way to the horizon. The
eaftern end was rather ovaliform, about 8 or 19° broad, and
where

OO \QO 0900 08~3 A1 =X -3 Y
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where it joined to the reft, was narrowelt of all, being but
2z or 3%broad, and bearing SE. 5 after which its breadth
increifed towards the weft, being in fome places 6 or 8°.
+~The fky was clear, and there was no appearance of an
aurora in the north, except two. or three fmall ftreamers at one
time, 'quite in the horizon, The ealtern end of the arch
waxed and waned frequently, and fometimes entirely vanifh-
ed, and then reappeared again, in'the {pace of a few feconde.
About a quarter'paft 10t grew faint, and finally difappeared.
It did not fenfibly vary in pofition during its appearance,
and juft before it vanifhed, its lituation amongit the Rars, as
feen from Kendal, was ds follows :e—the fouth edge of the
arch feemed to touch prerty exa@ly; the ftar lucida colli, ot
ggmma Leonis, to pals 4 or §° above Procyen, thence through
the middlé of the conftcllation Orion, leaving his bright foot,
Rigel, 2 o 3° to the fouth,

From thele oblervations it refults, that the greateft altia
tude of the edge, at Kendal, mnil have been abour §3°,
Mr. Croflhwaite found the greateft altitude of the faid edge,
at, Kefwick, to be 48°. The diftance of the two places, as
has been obferved, is about 22 Englifly miles, and it fortu-
nately happens, that theylie very nearly in the direétion of
a plane at right angles to thewarch; hence, we have the re-
quifite data to determine the height of the arch, which, by
trigonometry, comes out 150 Lnglith miles,

The pardllaé‘uc angle being fo fmall, an error of 1 or 2°
in the altitudes, is of great confequence.—~Mr. qu/]/)vvmla
thinks the error in his-obfervations could not exceed 1°
as the light was fleady at the place whete the altitude was
taken,—Admitting the errors amounted to 2° at each place,
which exceeds the bounds of prohagility,,and that they were
contrary ; we fhall then find the height 83 miles in the one
cafe, and 750 in.the other, which may, I think, be fafely
confidered as 'boundaries, betwixt which the true*height
was; and hence it may be inferred, that the arch would be
vifible to all Great-Britain and lreland; that it is much to be
withed, fome perfons in more diftant places, ‘may have made

fimilar
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fimilar obfervations upon the vhenomenon,-by which: its.
height may be determined with mare precifion.—~In  the
mean time we fhall confider it as 150 Englith miles.

March 5. The aurora at Kendal was feen at 8 P.- M, 3 it
was a bright (till light a while, but foon' clouded,~——The
needle was not attended to, ‘

March 6. At Kendal, a few fine ftrcamers at 9 P. M,
altitude 15°, dnd extent along the horizon 70° ; exadly bi-
fefted by the magnetic meridian. It foon dwindled into a
faint light. At gh 35m brightelt on the northern fide.
The veedle was 25° at gh 4m,—24° 58" at gh rgm,—249
507 at gh 35m,—24° 55° at 10h 30m;—24° §52% at 8
the next morning.

March 13. At Kendal the necdle was at 8h 3om 24 30,
—at 10h gom 25° 4'y—and at 8 next morning 25° 4
There was a brightnefs northward at 10 P, M. but pretty
much clouded ; ;- this circumftance, with that of the needle,
rendered it probable an aurora was.in the atmofphere
It was confirmed by the following account.

- At Kefwick, the fame evening, at 8h 18m a horizontal
arch, extent from NW. by W. to NNE with faint ftream-
ers; the arch 20° and Rrcamers 25° altitude; the vertical
ftreamers bore NNW. At 10, an arch from WSW. to
ENE. its greatett altitude 30°: no ftreamers.

March 30. At Kendal, at 8 P. M. there appeared fome
faint concentric arches of an awrora ; it was not further no-
tiped till,

H. M. Variation,

8 35 P.M.25° 5" W.a grand horizontal arch, altitude 6°.
8 40 2§ 25 — flrecamers to 3o° paft-the zenith.

8 48 —— 25 5§ — bright cattward.

8 §5 =—— 25 § — ftreamers faint.

9 — —— 2§ § ~— denfe light north; rare above.

Q. § =——— 25 10 — ditto

9 10 24 55 — bright weftward.

.9 15 24. §§ - a fine, perfe, horizontal arch.

9 20 —— 24 55 — altitude of its upper edge 30°.
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H. M Variation.
9 30P.M.24°30" W. ftreamers up to the zenith.
9 3§ = 24 3§ — difperfed, and not fo high.
9 4§ —— 24 §8 — faint light; brighteft caltward.
9 §2 ——— 24 45 — dull Jight.
10 — —— 24 42 — dull light; haze below.
10 10 =— 24 42 — haze rifen; light fainter.
10 1§ ~mm ——- — clouds rifen ; light almoft vanifhed.
10 30 —— 24 45 — clouds more rifen.
11 1§ —— 24 45§ — feveral fmall clouds cover the Hemif«
8 —A.M.z4 54 [phere.

There were feveral fine, perfect, concentric arches north-
ward, during moft of the time.—At 8h 48m one fine arch,
the altitude of its under edge 10°. At 8h 55m two perfe&
arches, altitude of the higher 12°, with a fine edge. At
gh feveral concentric arches, one with a fine edge, altitude
11° At gh sm onc of the upper arches with a very bright
edge, its altitude 13°; the bafes of the ftreamers compofing
it of very denfe light, and rare above. At gh 10m its alti-
tude 13 or 14°.—At gh 15m the upper edge of the large
‘horizontal light feems now as well defined as that of a rain-
bow, ite altitude 47° and that of the under edge’ xo°
At gh zom altitude of upper cdge 30°.

"The arches were all at right angles to the magnetic meri-
dian, and the beams had their ufual convergency.—At one
time feveral fmall ftreamers formed a corona upon the mag-
petic meridian, the centre of which was determined by a
good obfervation to be 72° from the fouth.

The fky was free from clouds till the lat,

At Kelwick, the fame evening, at 8h zom there were
bright ftreamers WNW.—At 8h 28m they had fpread from
WSW. to ENE. ; altitude of the arch 14°; vertical ftream-
ers bore NW, hy N. At 8h 55m ftreamers 43° paft the ze-
nith* : previous to this there were at onc time three con-

centric

# By the obfervations at Kendal, the aurora was 30° paft the zenith at
$h 4om, and the clocks being corredted at both places, fo as to be near
the
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centric arches northward, fet with bright ftreamers, which
had a very quick lateral motion; the under edge of the
higheft was.not more than 14° high, At gh 6m the alti-
tude of the faid arch was 13°4, bearing NW. § N.; ftream-
ers fhort, being only 5° higher than the under edge; hori-
zontal extent of the arch from W. by N. to NE.

April 5. At Kendal, a fmall bluthing of light, exa@ly in’
the magnetic north, at ¢ P. M.; it foon faded awdy.

The difturbance of the ncedle was imperceptible.

April 9. The aurora was firft feen at Kendal, at gh 3om
P. M., being a fmall blufhing of light in the magnetic north.
At 10h the arch rifen to 6 or 8° of altitude, with ftreamers
from 3 or 4 to 10° altitude, and a mift below ; the reft of
the fky was extremely clear; the light was denfe at the
under edge of the arch, At 1oh 25m bright and adtive
weltward ; the mift below.—Soon after, uncommonly aétive
ftreamers, very low; the light feen denfe through the mift.
At 1oh ggm the milt vanithed; the aurora rather larger,
and duller. At 11h a larger arch, altitude 10°, with miit
below ; no ftreamers, the light being fiill and uniform. At
11h 1om ftreamers very a&tive; their progrefs feemed down,
or northward.

The needle was not fenfibly difturbed all the while.

At Kefwick, the fame evening, a faint light at gh 45m.
—1t was 7° high at gh §4m, and the higheft part bore N.
by W. 3 W.; one minute after, bright fireamers from NE.
to WNW. the greateft altitude of their bafy 5°1, the bear-
ing of the fame NW. by N. ; N.—From this to 1oh 3om,
bright fireamers at intervals, low in the NW. quarter;~
After 1oh 3om grown faint ; horizontal extent from WNW.
to NE. by N.

April 14, At Kefwick, about midnight, or foon after, a.
ftill, horizontal light, altitude of the under edge 5°, of the
upper edge 9°%; bearing of the centre NW. & N.

L GENERAL

the truc folar time, it is prefumed this obfervation would be almoft cotem-
porary with that at Kenda!, Now, fuppofing this 10 be the cafty the
_height of the aurora, or of the lower extremity of the beams, will be found
oqual to 62 Englith miles,




-3 Addénda to the

GENERAL OBSERVATIONS,

IN order to determine the:ibearings of the middle or
higheft part of the arches of the aurora, 1 placed myfelf in
a ftation where I had a diftant obje& before me, in the
direétion of the magnetic meridian, and 1 always found the
higheft part in the fame dire@ion as this objed® j—ca devia-
tion of 2 or 3° would in moft eafes have been very fenfible.
—Sometimes, to confirm the obfervation, equal altitudes of
thie arches were taken on each fide of the magnetic meridian,
with the theodolite, and the horizontal angle divided into
two equal parts, which gave the fame bearing of the centre
an the other method.—It does not, however, always happen
that ‘the horizontal arch; efpecially when high, is perfeé
and complete.

The ftreamers, or flafhes, which pointed up, or perpen-
dicular to the’horizon, were only thofe in the magnetic me-:
ridian, as well fouth as north of the zenith,

“The altitude of the centre of the corona, when there was
enc formed, was taken with a quadrant and plummet, with
as much cxaétnefs as the thing feemed to admit of.

With regard to the ncedle of the theodolite, which was
ufed to make the obfervations with, it is 4% inches long,
and feems to move very freely upon itg centre; I have often
tried the effect of fri¢tion, by drawmg it from its ftation,
and then fuffering it to vibrate till it fettled, when it ufually
fettled in the fame ftation within one or two minutes, but I
have fometimes abferved it five minuted of a degree altered
in fuch a cafe.

I have never obferved any confiderable fluGtuation of the
necdle in any evening but when there was an aurora vifible,
except oncey this was on the 13th of February, 1993, the.
evening of whlch was  very wet and flormy; the needle va.

vied
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ried as follows :—the variation was 24° §7° at noon; 24°

-85 at 53 P.M.; 24° 357 at sh som; 24° 20 at 5h 583
24° 20" at 6h; 24° 48" at 6h 20m; 24° 457 at 6h 49m;
24° 35% at 8h; 24° 47 at 8h gom; 24° 497 at 10h 3om;
24° 53" at 8 A. M, next day.

N. B. There had been an aurora the preceding evening,

It thould alfo be noticed, that whilt making thefe oh-
fervationa' upon the dJifturbance of the needle, during an
aurora, 1 did not always know the alfolute variation at the
time ; and therefore no inferences fhould be made relative
to the change in the abfolute variation, in the interval from
one aurora to-another, from the obfervations 1 have given,

END OF THE FIRST PART.
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METEOROLOGICAL

OBSERVATIONS AND ESSAYS.

et
PART SECOND.

ESSAYS,

ESSAY FIRST,

On the Atfhcg/j)beré 5 #ts Conflitution, Figure,
Height, ¢,

HE atmofphere is that invifible, elaftic fluid
which every where furrounds the earth,

to a great height above its furface.~It was for.
merly fuppofed, that common air, or any portion
of the atmofphere, when cleared of vapours and
exhalations, was a pure, fimple, elementary fluid;
but modern philofophy has demonftrated the
_contrary, and it now appears that the pureft air
we breathe at any time, confifts of an intimate
mixture



On the Atmofphere, e, 7y

mixture of various elaftic fluids, or gafes, in
different proportions. Thofe properties of the
atmofphere, called its falubrity and infalubrity,
depend principally upon the greater or lefs quan.
tity of one of its conftituent principles, wital ot
dephlogifticated air.—Whether the {uperior regi-
ons of the atmofphere confift in like manner of
various elaftic fluids, or whether the fluids are
the {fame or different from thefe below, cannot,
from the nature of the cafe, be determined ex-
perimentally.

The figure of the exterior furface of the at-
mofphere would, from the principles of gravita.
tion, be fimilar to that of the earth, or of an
oblate fpheroid ; or, its height and quantity of
matter about the equator, would be fomething
greater than at the poles, to preferve an equili-
librium every where, owing to the centrifugal
force, which is greateft at the equator. The
denfity of the atmofphere, fuppofing it of an
uniform temperature, and alike contituted every
where, would decreafe in afcending, in a geo-
metrical progrefion : thus, if the denfity at one
mile high was 1, and that at four miles high ;;
‘then that at feven miles high would be %, at ten
miles high §, &c.——I fay thefe circumitances
would be, were it not for the fun, or the prin-
ciple of heat which it feems to produce; but by
means of the unequal diffufion of this principle,

the circumftances are very materially different.
The
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The mean annual temperature of the air, at
the carth’s furface, decreafes in going from the
equator to the poles. Mr. Kirwan * ftates the
mean annual heat ar the equator at 84°, and
that at the pole at 319 Moreover, the tempe-
tature of the air over any, place, in clear, ferene
weather, decreafes in afcending above the earth’s
furface, nearly in an arithmetical progreffion,
and at the rate of 1° for every hundred yards.
Experience proves this, as far as to the fummits
of the higheft mountains, which is about 3 miles;
‘and hence it may be inferred to be fo above
that height.

The great heat in the torrid zone rarefies the
air, by increafing its elafticity ; confequently the
equilibrium of the atmofphere is difturbed. The
rarefied " air afcends into the higher regions,
where, meeting with little. refiftance, it muft
flow northward and fouthward; the preflure
upon the northern and fouthern regions is thus
increafed, and a current muft fet in below, to-
wards the equator, to reftore the equilibrivin.—
Hence, the higher temperature within the torrid
zone, fwells the atmofphere there, and raifes it,
or at leaft the grofs parts of it, to a much greater
height than elfewhere ; whillt in the frigid zone
it is contratted by cold.—This is the effe&t of
the different temperatures at the earth’s furface:
but the increafe of cold in afcending’ deftroys

the

% LEftimate gof the temperature of different Latitudes.
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the law of decreafe in denfity above mentioned,
and greatly contraés the height of the atmof-
phere, as deduced from fuch law; though this
circum(tance has perhaps no effe& upon the fi-
gure of the atmofphere.

Philofophers have attempted to find the height
of the atmofphere by two methods ; namely, by
the duration of twilight, and by experiments
upon the defecent of the barometer on high
mountains. The former determines the height
about 45 miles, as follows : —the twilight difap-
pears when the fun is 18° below the horizons
hence it is argued, that a ray of light emitted
from the fun, fo as to be a tangent to the earth’s
furface, after pafing through the atmofphere, is
refleted from its external furface fo as to be a
tangent to the earth’s furface again, at 18° dif-
tance from the former place of contadt. This
argument being admitted, affords data to find
the height of the atmofphere, a proper allowance
for refra&tion being firft made, ~Several objec-
tions to this conclufion however may be ftated ;
amongft others, it may be faid, we do not know
whether the light, which comes to us at the
dawn or departure of day, has been once or
twice refleted; it may, and probably does,
proceed from the zone of the earth illuminated
by the twilight itfelf ; in this cafe, therefore, we
can determine no more from the twilight, than

that the height of the atmofphere, or of that
region
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region of it which is denfe enough to refle
light, is not fo much as 45 miles.

Barometrical experiments afford a much furer
approximation to the height of the aimofphere,
or rather perhaps of the more grofs and heavy
parts of it. From thefe we are aflured, that a
Stratum of air reaching from the earth’s furface
to the height of 4 Englith miles, at all times
contains above one balf of the quantity of matter
in the whole atmofphere ; and by extending the
laws thence refulting, we infer, that a fratum
12 or 13 miles high, contains #2ths of the whole:
or, if a barometer, ftanding at 3o inches, was
clevated to that height, the mercury would fall
29 inches.

The following table and theorem, extracted
from Sir George Shuckburgh’s letter to Col.
Roy, (Philofophical Tranfations, Vol. 68.) will
ferve to give my readers an idea in what man.
ner the barometer is made fubfervient to the
purpofe ; and alfo how the height of mountains,
&c. may be afcertained by means of the baro-
meter.~———In order to underftand the ufe of
the table, it fhould be obferved, that two per-
fons are to take cotemporary obfervations, upon
two' barometers and thermometers, one perfon
having one of each at the bottom of the moun-
tain, and the other at the top.

The
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EXPLANATION,

(The Table. .
‘ This table gives the number of

£ 61 peen feet in a column of the atmofphere,
& B equivalent in weight to a like co-
i 320 86.85 lumn of quickfilver #5th of an inch
35 | 87.49 | high, when the barometer ftands at

40 | 88.54 | 30 inches, for every 5° of tempera-
pod gg'_gz ture from 32 to 8o*.—For any other
55 | g1.72 | height of the barometer it will be
go 92:77 in the inverfe ratio of that height to
72 gi:sg 30. Let 4 = the mean height
75 | 95.93 | of the two barometers, in inches;
80 | 96-99 | 4 = the difference of the two, in
tenths of an inch; & = the number of feet, per
table, correfponding to the mean height of the
two thermomcters; x = the height of the
mountain, in feet: then, we fhall have this

theorem, 304 — . the height required.

4

EXAMPLE.

Suppofe the barometer at the bottom to be
29.72 inches, thermometer 64° ; the barometer
at the top 27.46, thermometer 58°; required
the height of the mountain ?

Here the mean height of the two barometers,
or A = 28.59 inches; their difference in tenths
of

* From the table it appears, that, in round numbers, every

30 yards of clevation reduces the height of the mercury in
the barometer +% of an inch, near the ecarth’s furface.
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of an inch, or ¢ = 22.6; the mean heat of the
two thermometers = 61°; the proportional

number may be found from the table = 92.98

2.6 X 92.98
feet = b3 hence, 3°%2%0 X 929° 2205 feet,
28.59

the height required.

From this thcorem we can deduce another :—
fuppoling the clevation of the upper barometer
given, and the height of its mercurial column
required ; the other data as before.—~—ILet H
= the height of the barometer below, in inches;
b = the number of feet, per table, as before*
p = the perpendicular elevation of the upper
barometer, in feet; y = the height of its mer-
curial column, in inches: then, we obtain this

6000 —— p
Gool + p H.

theorem, y =

Hence we may calculate the height -of the
mercurial column of the barometer at any given
moderate elevation, and by repcating the pro-
cefs, for a larger alfo, fufficiently accurate for
the purpofe of explaining the thcory of the va-
riation of the barometer; though we cannot
from this fix the boundary of the atmofphere
with precifion. To what height the very thin
and rare medium in the higher regions rifes,
we cannot afcertain; but there is fufficient rea-

fon

* The height of the thermometer below being given, the
height of that fuppofed above may be eftimated, by deduct-
ing 1° for every hundred yards of elevation.
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fon to conclude, as will be feen in a fublequent
“Effay, that it extends to a much greater height
than has commonly been {uppofed.

The following table contains the refult of a
caleulation from tihe laft mentioned theorem, of
the height of the mercurial column, at certain
elevations, above the equator, and likewile over
the north of Englund, and the north pole. "The
mean heat at the earth’s furface, under the e-
quator, is {uppofed 84°; the mean heat in thele
parts, for the hotteft month of fummer, at 60°,
and for the coldeft inonth of winter at 75°; the
mean annual temperature at the north pole
being fuppofed 31°, the mean temperature for
the coldeft month of winter at that place may
perhaps be ftated at 2°.

5 Height of the mercurial column of the barometar,)
‘E“_ % ' in inches.

£°d

87T

e & | Above the | Above the North of | Above the
z y 20| equator. England, north pole,
54§ '

Eos - ; ! e
¥ow : . .

I cE In fummer. | In winter,| In winter.
m_ S S
) 30.00 30.00 30.00, 30.00
2 20.55 20.10 19.58 18.81
4 13.61 12.96 12.24 11.19
6 8.66 7.08 . 7.26 6.24
8 5.25 4.65 403 319
10 3.00 2.52 2.0§ 1.4%
12 1.58 1.24 .03 .56

M2 ESSAY
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ESSAY SECOND.

On Winds.

INDS have ever been confidered, with

[ realon, as haviag a principal fhare in
producing changes of weather, and therefore
they demand a particular regard in meteorology.

Moft people know that the winds are not
every where fo changeable as in thefe parts,
In the torrid zone, the winds are much more
uniform in direGtion than they are either i in the
temperate or frigid zones :. over the Atlantic
and Pacific oceans, p,artxcularly between 30° of
north and 30° of fouth latitude, the trade winds,
as they are called, blow pretty uniformly from
eaft to weft, all the year round;, with a fmall
variation in the different feafons,

The caufe of thefe conftant winds, within the
tropics, the ingenious and learned Dr. Halley
has endeavoured to explain, and his explication
fcems to have been univerfally adopted by others
fince its publication.—The chief phyfical prin-
ciple he ufes, is the undeniable and well known
one, that the air is rarefied by heat; and, as the
earth, in revolving from weft to caft, expofes
the torrid zone every day to the dnrc& rays of

the
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the fun, the earth, and confequently the air, is
there moft heated ; the mawimum of heat follows
the fun, and therefore moves in a contrary di-
re@ion, or from eaft to weft; the rarefation
occafioned thereby difturbs the equilibrium of
the atmolphere fucceflively ; and he argues, that
a current of air will conftantly follow the ex-
treme of heat, to reftore the equilibrium,—and
thus he accounts for the trade winds.

It appears to me, however, that this conclufion
is premature, and ‘not warranted by the laws of
motion. For, to fimplify the conception, let us
fuppofe a ring with a number of beads arranged
upon it at equal diftances, and, abftra&ting from
the force of gravity, that each of them is endued
with a repulfive power, in the fame manner ag
are the particles of air. This fuppofition being
made, let the principle of heat, or any other
power, which aéts fimply by increafing their
elafticity, a& upon them in one part of the ring
more than in another; this will of courfe fepa-
rate the particles in {uch part farther than they
were before, and condenfe the others; but it
can never produce a rotary motion of the whole
number of them reund the ring, becaufe the ac-
tion being mutual, the motion generated muft
be equal and contrary ;—or, in other words, no
momentum of the whole mafs of particles around
the ring, can be produced by any forces, which
they exert upon cach other, agrecably to New-

ton’s
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ton’s thud law of motion.—We have here fup-
pofed the heat applied to one part of the ring
only, but it is plain the fame conclufion will ob-
tain if it be applied to feveral parts at the fame
time, or fucceflively, or in any other manner;
likewife if the addition of heat produce no mo-
mentum, the abtraction of it will not.

Now to apply this to the matter in queftion :
let the fun be upon the equator, and the air un-
derneath be heated; then the air in the plane of
the equator cannot recede from that plane, be-
caufe the lateral preflure on each fide will be
equal; and the altion of the particles in the
faid plane upon each other, will be in the fame
.circumftance as that of the particles upon the
ring, with refpe& to any horizontal motion that
may be produced in the plane by the heat of the
fun. It appears then, that no rotary motion of
the air round the earth can be produced by the
ation of the fun upon the particles in that plane;
and by a like method of reafoning it may be
proved, that no fuch motion can be produced in
any other parallel plane ; confequently, the caufe
we are {peaking of, or the fucceflive rarefaction
of the air from eaft to weft, cannot produce the
effe® in queftion, nor immediately contrnbutc
thereto.

It will be afked, if the trade winds are not
produced by the fucceffive rarefation of the
parts



On Winds. 8%

‘parts of the atmofphere within the torrid zone,
what are they produced by ?—To this it inay be
replied, that they admit of an explanation upon
mechanical principles without requiring any hy-
pothetical reafoning, or any other phyfical prin-
ciple than. that Dr. Halley ufes ; namely, that
heat rarefies the air. The inequality of heat in
the different climates and places, and the earth’s
rotation on its axis, appear to me the grand and
chief caufes of all winds, both regular and irre-
gular; in comparifon with which all the reft are
trifling and infignificant. The trade winds in
the torrid zone, and the variable winds every
where elfe, feem to be the natural effets of thefe
two caufes, and might have been deduced from
them g priori, if the fats had never been afcer-
tained by the navigation of the torrid zone.
Notwithftanding, as we are in pofleffion of many
fadts relative to the winds, it may be proper firft
to ftate them, and then to confider how they re-
{fult from the caufes above mentioned.

Fadls relating to the Winds.

1. Over the Atlantic and Pacific oceans, as
has been obferved, the trade-winds extend from
30° of north to 30% of fouth. latitude.

2. When the fun is on the equator, the
trade-winds, in failing northward, veer more
and more from the eaft towards the north; fo
that about their limit they become nearly NE. :

‘ and
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and, wice werfa, in failing fouthward, they be-
come at laft almoft SE.

3. When the fun is near the tropic of cancer,
the trade-winds north of the equator become
more nearly eaft than at other times, and thofe
fouth of the equator motre nearly fouth: and,
wice werfa, when the fun is near the tropic of
capricorn. :

4. The trade-wind is not due eaft upon thc
equator, bt about 4° to the north of it.

5. The winds in the northern: temperate zone
are variable, but the moft general are the SW,
and W. and the NE. and E. See page 48.

6. In the northern temperate and frigid zones,
and doubtlefs in the fouthern alfo, the winds are
more tempeftuous in winter than in fummer e

Sce page 49.

Now in: order to perceive the reafon of thefe
fatts, it muft be remembered, that the heat is at
all times greateft in the torrid zone, and de-
creafes in proceeding northward, or fouthward ;
alfo, that the poles may be confidered as the
centres of cold at all times: hence it follows,
that, abftra&ting from accidental cn‘cumﬁanccs,
there muft be a conftant afcent of air over the'
torrid zone, as has been obferved, which after-
wards falls northward and fouthward’; whilft the
. colder air below is determined by x continual
impulfe towards the equator. And, in general
wherever the Heat ig greatelt, there the air will

alcend,
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afcend, and a fupply of colder air will be re.
ceived from the neighbouring parts.~——Thefe
then are the effeéts of the inequality of heat.

The effe&ts of the earth’s rotation are as fol.
low: the air over any part of the earth’s furface,
when apparently at reft or calm, will have the
fame rotary velocity as that part, or its velocity
" will be as the co-fine of the latitude; but ifa
quantity of air in .the northern hemifphere, re-
- ceive an impulfe in the diretion of the meridian,

either northward or fouthward, its rotary velo.
city will be greater in the former cale, and lefs
in the latter, than that of the air into which it
moves ; confequently, if it move northward, it
will have a greater velocity eaftward than the air,
or {urface of the earth over which it moves, and
“will therefore become'a SW. wind, or a wind
between the fouth and welt. And, wvice wver/a,
if it move fouthward, it becomes a NE. wind.
Likewife in the fouthern hemifphcere, it will.ap-
pear the winds upon fimilar {fuppofitions will be
NW. and SE. refpeitively *.

The trade-winds therefore' may be expla‘me(i
thus : the two general maffes of air proceeding
N from

* M. De Luc is the only perfon, as far as I know, who
has fuggefted the idea of the earth’s rotation altering the
dire&@ion of the wind, which idea we have here purfued
more at large.~Vid. ¢ Lettres pbyfiques, &c.” Tom. §.
Part. 2. Let exlv.
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.from both hemifpheres towards the equator, as
they advance are conftantly deflefted more and
more towards the eaft, on account of the earth’s

rotation; that from the northern hemifphere,
originally a north ‘wind, is made to veer more
~and more towards the caft, and that from the
fouthern hewmifphere in like manner is made to
- veer from the fouth towards the eaft; thefe two
mafles meeting about the equator, or in the tor-
rid zone, their velocities north and fouth defiroy
gach other, and they proceed afterwards with
their common velocity from eaft to welt round
the torrid zone, e*cccptmg the irregularities pro-
duced by the continents.  Indeed the equator is
not the centre or place of concourfe, but the
northern parallel of 4°; becaule the centre of
heat is about that place, the fun bcing longer on
the north fide of the equator than on the fouth
fide. Morcover, when the fun is near one of
the tropics, the centre of heat upon the earth’s
furface is then nearer that tropic than ufual, and
therefore the winds about the tropic are more
nearly eaft at that time, and thofe about the
other tropic more nearly north and fouth.

Were the whole globe covered with water, or
the variations of the earth’s furface in heat re-
" gular and conftant, fo that the heat was the fame
every where over the fame parallel of latitude,
the winds would be regular alfo: as it is, how-
ever, we find the irregularities of heat, arifing
from
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from the interfperfion of fea and land, are fuch,
that though all the parrs of the atmniphere in
fome fort confpire to produce regular winds
round the torrid zone, yet the effeét of the ftu-
ation ‘of land is fuch, that ftriking irregularities
are produced :. witnefs, the monfoons, fea and
land breezes, &c. which can be accounted for
on no other principle than that of rarefation;
becaufe the rotary velocity of different parallels
in-the torrid zone is nearly alike.—For this rea-
fon we have omitted giving the falts, and their
explanation, as having been done by others.

From what has been faid it might be fuppofed
that the winds in the northern temperate zone
fhould be between the north and ealt below,
and between the fouth and well above, almoft
as regularly as the trade-winds; but when we
confider the change of feaflons, the different ca-
pacities of land and water for heat, the interfe-
rence and oppofition of the two general currents,
the one of which is verging towards a central
point, and the other proceeding from it, we
might conclude it next to impofiible that the
winds in the temperate and frigid' zones fhould
exhibit any thing like regularity : notwithftand.-
ing this, obfcrvations fufficiently evince, that the
winds in this our zone are, for the moft part,
in the diretion of one of the general currents;
that is, fome where between the north and eaft,

or elfe between the fouth and wefty and that
N 2 winds
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winds in other direftions happen only as acei-
dental varieties, chiefly in unfettled weather.

In winter, the heat decreafes more rapidly in
leaving the equator, and proceeding northward,
than at any other {cafon ; confequently the curs
rénts of air to and from the equator, in the
northern hemifphere, move with the greateft ve.
“locity, and occafion the moft tempeftous wea-
ther, in that feafon : and, wice ver/a, in fuinmer,

The effeé of the earth’s rotation to produce,
or rather to accelerate the relative velocity of
winds, being as the difference betwixt the co-
fines of any two laticudes, (or, to fpeak more
ftri€tly, the effetis as the fluxion of the co-fine
of the latitude, the fluxion of the latitude being
fuppofed conftant) it will be fmall within the
torrid zone, and increafe in approaching the
poles. The hourly rotary velocity of the equa.
tor is about 1040 Englith miles; if we fuppofe
it 1000 miles it will be accurate enough for our
purpofe, and then, from a table of natural fines,
the rotary velocity of any parallel may be had at
once; the differences of thefe velocities, will
ferve to give us fome idea of the comparative
effe@ of the earth’s rotation at different parallels;
for which purpofe we have fubjoined a table,
giving the rotary velocity of the parallels of Ja-
titude for every 10 degrees, together with their
differences, agrecable to the #above fuppofitioh. -

Degrees
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Hourly rotary velocityyy; g ences of theid
) hc .y
Degrees of latit zdm g‘ gthfh ];::'l:l:els, in velocitics.
o
o. 1000
10 982.8 153
20 939-7 451
30 866 73:7
40 766 1 100
50 . 642 .8 123.2
6o : 500 142:8
7o 342 158 ]
8o . 173,6 168.4 L
90 ' 173.6

- From the table it appears, the effed ‘of the
earth’s rotation, to accelerate the relative velocity
of winds, is about ten times as great at the poles
ab at the equator ;——by rélative welocity, my rea.
ders will perceive 1 mean, all along, the velocity
of the, wind relative to the place of the earth’s
furface over which it blows ; hence, the relative
velocity and dire€tion of the mals of air from the
equator is at firft altered very flowly, and after.
wards more rapidly, by the earth’s rotation; and,
wice verfa, with refpet to that from the poles.

Had the trade-winds been produced by the
daily rarefadtion of the air from eaft to weff
alone, independent of the earth’s rotation, the
fhould have extended to 50° of north latitude
when the fun is at the tropic of cancer, becaufe
the heat at that parallel is then as great as at
30° of fouth latitude, which is guite contrary to
experience : in falt, they coght to have ex.

' ‘ tended,



tended, in a greater or lefs degree, over the
ocean, from the equator to the poles, and the
fummers have been more tempe{‘mous than the
winters, becaufe the daily variation in heat is
then greateft ; neither of whxch we find confift-
ent with obfervation.

The relative velocity of winds may be beft af-
certained by finding the relative velocity of the
clouds, which, in all probability, is ncarly the
fame as that of the winds ; the velocity of a cloud
i equal to that of its fhadow upon the ground
which, in high winds, is fometimes a mile in a
minute, or 6o miles an hour; and a brifk gale
will travel at the rate of 20 or 30 miles an hour,
—It may be imagined, that the relative velocity
of winds fhould be continually upon the increafe, |
by reafon that their caufes are conftantly in ac-
tion, and not for a moment only; buc the re-
fittance which a current of air meets with from
the atmofphere itfelf, and from obje&s upon the
carth’s furface, muft be very confiderable ; the
increafe or diminution of the relative velocity of
a wind will therefore depend upon the propor-
tion between the altive caufes and the refiltance.

- The cconomy of winds, an illuftration of
which we have been here attempting, is admi-
rably adapted to the various purpofes of nature,
and to the general intercourfe of mankind :— -
had the fun revolved round the carth, and not

the
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the earth on its axis, the air over the torrid
zone, and particularly about the equator, would
have been in effe& ftagnant; and in the other
zones the winds would have had little variation
either in ftrength or dire&@ion; navigation, in
this cafe, would have been greatly impeded, and
a communication between the two hemifpheres,
by fca, rendered impraéticable. On the prefent
fyltem of things, however, the irregularity of
winds is of the happieft confequence, by being
fublervicnt to navigation; and a general circu-
lation of air conftantly takes place between the
caltern and weftern hemifpheres, as well as be-
tween the polar and equatorial regions ; by rea-
fon of which, that diffufion and intermixture of
the ‘different aerial fluids, fo neceffary for the
life, health, and profperity of the animal and ve-
getable kingdoms, is accomplifhed :—fuch is the
tran{cendent wifdom and providential care of the
common FATHER oF ALvL!

PROOF OF THE EARTH’S8 ROTATION:

The trade-winds being matter of faét, if the
mechanical principles we have explained them
upon be admitted, we may draw from hence a
very fatisfattory, and indeed conclufive argument
for the earth’s rotation on its axis; for, the
trade-winds blowing from eaft to weft, we muft
conclude, a poferiori, that the earth revolves the
sontrary way, or from weft to caft.

ESSAY
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ESSAY THIRD.

On the wariation of the Barometer.

HE caufes of the variation of the barometgr

have never yet been difcovered, fo as to
admit of demontftration ; though feveral eminent
philofophers have given the public the refult of
their reafoning and experience on the fubjeét.
We propofe to confider the principal of their
allegations ; but in the firft place it will be pro.
per to lay down the chief fadls refpefting the
variation, which are the refult of obfervation,
and not of any hypothefis.

Falls relating to the Barometer.

1. The barometer has very little variation
within the tropics.

1 believe the barometrical range has not been obferved
much to exceed half an inch, in the torrid zone.

2. Within the northern temperate zone, and
doubtlefs the fouthern alfo, the range of the ba-
rometer increafes in going from the equator.

The mean annual range"' at Paris, in latitude 48° 50" N,
for 20 years, was 1, inch; the greateft range, or difference

between the higheft and lowcft obfervations, for the fame
term, was 2 inches. (Vid. Martyn’s Abridgment of the Pari

Jias

# By annual range, § mean the differeace between the higheft and loweft
wbfrvatiens each year.
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Kan Memoirs). At Kendal, in latitude 54° 19° N. the méan -

range for § years was 2.13 inchea; the greatefl range was
2 65 inches, A comparifon of the obfervations made at
London, Kendal, and Kefwick likewife corroborates the fame.
=~In Sweden, and Rufia, the range is fill greater.

3. In the temperate zones the range and fluc-
tuation of the barometer is always grcater in
winter than in fummer.

See the obfervations, partxcularly the tables, p. 16 and 17.

4. The rife and fall of the barometer are not
local, or confined to a fmall diftriét of country,
but extend over a confiderable part of the
globe, a fpace of two or three thoufand miles
in circuit at leaft.

Sce the general obfervation, page 16,

In the French Philofophical Tranfa&ions for 1709, there
is a comparifon of obfcrvations upan the bafometer made at

- Paris and Genoa, for 3 years; the diftance of the places is
at lealt 350 miles; notwithftandiog this, it was found to rife
and fall almoft univerfally on the fame day at both places,
only the variation was lefs at Genoa than at Paris, becaufe -
its latitude is lefs; no difference in time was perceived,
whether the flu®uations were fudden or gradual, except in
one inftance, when the rife was one day luter at Genoa than
at Paris, -

The precife extent to which the fluGuations of the baro-
meter reach, has not, that I know of, ever yet been afcer-
tained in any one inftance, for ,want of cotemporary obfer-
wations made at a great number of diltant places,

5. The barometrical range is greater in North
America than in Europe, in the fame latitude.

From the American Philofophical Tranfa&ions we find
the range is as great in New England as in this countsy,,
though it is- 10° nearer the cquator,  Alfo, at Willianyburg,

: (s in,
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in‘ Virginia, latitude .37% 20" 'N. the annual range is above:
v inch, which is the fame as at Genoa, latitude 44° 25 N.

" 6. In the temperate zones the mean flate .of
the barometer in the fummer months is nearly
equxdxﬁant from the extremes in that feafon;
but in winter the mean is much nearer the
higher extreme thar the lower.

~ According to tlu obfervations at & endul (fce page 16")
the mean ixcnpht of the barometer in July is diftant from the
higher extreme .33 of an inch, and from the lower extreme

.37 in January the mean is diftant from the higher extiome
.79 and from the lower 1.17 ¢ the.ratio of the former dif-
tances is as 11 to 12, and of the latter as 8 to 12, nearly.

~ Profcflor Muffchenbrock, in his Elements of
Natural P}n]ofophy, (tranflated by Colfon) pub-
lithed about 5o years ago, has endeavoured to-
account for thofe changes of weight in the ate
molphere ; he has adverted to all or moft of the
caufes that have ever been confidéred as agents
in producing the effe€s: he enumerates the fol-
lowing caufcs, namely ;— Tirft, the oppofition of
winds ; - fecond, the north wind blowing, which.
cools and condenfes the air; third, the winds
blowing upward or downward; fourth, an in-
cteafe or diminution of heat, which rarefies or-
condenfes the air, in confequence of which the
air’s diftance from the earth’s centre is increafed
or diminifhed, and its weight, as well as cen-
trifugal force, thereby affefted; fitth, the air

being

# The mean for July, uncorrected, Is 29.77, and for January 29.66y
whigh muft be ufed in this cafe, becaule the extremes are not coneed,
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being loaded with, or clecared of vapours and
exhalations. .

Profeffor De Saq‘muje., of Geneva, thinks the
. caules of the changes of the barometer are heat,
different winds, and unequal denfity of the con.
tiguous rata of air; hence the little variation
within the tropics. The principal caufe is oppoling
winds.. He does not deny that chymical chauges
in the air may affeét the barometer; he how-
ever fufpe&s that fome unknown caufe has the
grearelt effect *.——We fhall_ now confider the
caufes above alleged feverally.

The idea of oppofite winds having the prin-
cipal fhare in producing the changes in the ba-
rometer, has evidently been fuggefted by the
umformlty of ‘the trade-winds, and the fmall
variation -of the barometer where they blow;
but it thould be confidered, that the land-winds
within the tropics do not always blow with the

_general or trade-winds, and that fometimes they
are in dire& oppofition; allo, the monfoons,
efpecially about their change, producc uncom-
mon conflits of winds, and tempeltuous wea-
ther, notwithftanding which circumftances, the
barometer never has thofe Au&uations that are
experienced in the other zones. If, thercfore,

‘ Oz ‘ the

* Thefe his fentiments are taken from the Critical Reviesv,
for 1787.—~Without heing poflefled of his work, 'we cannet
~lamine his arguments particularly.
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the idea of oppofite winds, mcchanicaH) accu-
mulating or dlfperﬁng 'the air, be inconfiltent
with the firft fa&, it will certainly fail of ex-
plaining the reft. Befides, it would not be dif-
ficult to prove, a priori, that the oppofition of
“winds, admitting the fa& at the time, could not
produce thofe great and long continued accumu-
Jations of air which we often experiences

‘The fecond caufe, or that of a cold north
‘wind blowing, has doubtlefs an effeét upon the
‘barometer, though perhaps not altogether in the
manner that has been conceived.—We fhall con-
fider this in another point of view by and by.

‘Lhe third caufe, fuppofing it to exift at any
time, can only be local and tranfitory at moft;
but the rife or fall of the baromcter is general,
and of confiderable duration : it cannot, there-
fore, produce the effet.

The fourth caufe i much too trifling to have
any material influence.

With refpet to the fifth, it muft be allowed,
that water, when changed into vapour, confli-
‘tutes a part of the atmofphere for the time, and
weighs with it accordingly; alfo, that when va-
pour is precipitated in form of rain, the atmof-
phere lofes the weight of it : but it would be too
“ha{ty to conclude from hence, that where evapo-
ration is going forward the barometer mutft rife,
and where rain is fall'mg it muft fall alfo ; becaufe
air loaden with vapour is found to be fpecnﬁcally
lighter than without it. Evaporation, therefore, .

increafes
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increales the bulk and weight of the atmofphere
at Jarge, though it will not increafe the weight
over any particular country, if it difplace an
equal bulk of air fpecifically heavier than the
vapour: and in like manner, rain at any place
may not diminith the weight of the air there,
becaufe the place 'of the vapour may be occupied
by a portion of air {pecifically heavier. 1t fhould
{ecm therefore, that when the air over any coun-
try is cleared of vapours, &c. the barometer
ought to be higher than ufual, and not lower.
But we fhall now.proceed to ftate our own
ideas on the {ubje&.

It appears from the obfervations, (fee table,
page 16) that the mean ftate of the barometer
. is rather lower than higher in winter than in
fummer, though a {tratum of air on the earth’s
furface always weighs more in the former feafon
‘than in the latter ; from which faéts we muft
unavoidably infer, that the height of the atmof-
phere, or at lealt of the grofs parts of it, is lefs
in winter than in fummer, conformable to the
table, page'83. There are more realons than
one to conclude that the annual variation in the
height of the atmofphere, over the temperate
and frigid Zones, is gradual, and depends in a
great meafure upon the mean temperature at
the earth’s furface below; for, clouds are never
“obferved to be above 4 or 5 miiles high, on
which account the clear air above can receive

little
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fittle or no hcat but from the fubjacent rcgmns
of the atmofphere, which we know are influenced
by the mean temperature at the earth’s furface ;
allo, in this refpeét, the change of temperature
in the upper parts of the atmofphere mult, in
fome degree, be conformable to that of the carth
‘below, which we find by experience increales
‘and decreafes gradually each year, at any mode-
rate depth, according to the temperature of the
feafon. (Sec page 30.)

Now with refpeft.to the flu€tuations of the
barometer, which are fometimes -very great in
24 hours, and often from one extreme to the
other in a'week or 10 days, it muft be concluded,
either that the height of the atmofphere over
any country varies according to the barometer,

or otherwife. that the height is little affected:

therewith, and that the whole or greateft part
of the variation is occafioned by a change in the
denfity of the lower regions of the air. 1t is
very improbable that the height of the atmof-
phere fhould be fubje& to fuch fluttuations, or
that it fhould be regulated in any other manner
than by the weekly or monthly mean tempera-
ture of the lower regions; becaufe the mean
weight of the air is fo nearly the fame in-all the
feafons of the year, which could not be if the
atmofphere was as high and denfe above the
fummits of the mountains in winter as it is in
fummer. Hewever, the decifion of this queftion

nced
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reed not reft upon probability; there are falts,
which fufficiently prove, that the fluuation of
denfity in the lower regions has the chief effe®
upon the barometer, and that the higher regions
are not {ubje& to proportionable mutations in.
denfity. In the memoirs of the Royal Academy
at Paris, for 1709, there is a comparifon of ob.!
fervations upon the barometer at different places,
and amongft others, at Zurick, in Switzerlandy:
in latitude 47° N. and at Mar/eilles, in France,
latitude 43° 15" N.; the former place is more
than 400 yards above the level of the fea; it
was found that the annual range of the baro-.
meter was the fame at each place, namely, about
10 lines ; whilft at Genoa, in latitude 44° 25" Nu
the annual range was 12 lines, or 1 inch; and
at Paris, latitude 48° 50" N. it was about 1 inch
4 lines, In the fame memoir it is related, thac
F. Laval made obfervations, for 1o days toge-
ther, upon the top of St. Pilon; a mountain near
Moarfeilles, which was g6o yards high, and foynd
that when the barometer varied 23 lines at Mar-
Seillesy it varied but 13 upon St Pilon.. Now
had it been a law, that the whole atmofphere
rifes and falls with the barometer, the fluttua.
tions in any eclevated barometer would be to
thofe of another barometer below it, nearly as.
the abfolute heights of the mercurial columns in
~egch, which in thele inftances were far from.
being fo. Hence then it may be inferred, that

thie Aucuations of the. barameter are occafioned:
chiefly
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chiefly by a variation in the denfity of the lower
regions of the air, and not by an alternate ele-
vation and depreflion of the whole fuperincum-
“bent atmolphere. How we conceive this flutu-
ation in the denfity of the air to be effeted, and
in what manner the preceding general falts re-
lative to the variation of the barometer may be
accounted for, is what we fhall now attempt to
explain.

+ It has been obferved already that air charged

with vapour, or vapourized air, is fpeciﬁcal]y,
lighter than when without the vapour; or, in
other words, the more vapour any given quan-
tity of atmofpheric air has in it, the lefs is its
fpecific gravity.—M. De Sauffure has found from
experiment, that a cubic foot of dry air, of a
certain temperature, will imbibe 12 grains of
water ; and that every grain of water diffolved
in air becomes an elaftic fluid capable of fup-
porting .4 of an inch of mercury, while its den.
fity to that of air, is as 3 to 4 —Again, Dr.
Prigftley has found from frequent experiments
(vid. Experiments and Obfervations relating to vas
rious brancbes of natural Philofiphy, Vol. 6, page
'390) that different kinds of air, as for inftance,
inflammable air, and dephlogifticated - air, "the
fpecific gravities of which are as 1 to 12 nearly,
when mixed together, do not obferve the laws
of hydroftatics ; for, the inflammable air, inficad
of rifing to the top of the veflel, diffufes itfelf
equally”
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equally and permanently through the dephlopifs
ticated air, at the fame time that ho chemical
attra&tion takes place betwixt them. The Doc-.
tor further obferves,  that the phlogifticated
¢ and dephlogifticated air, which compofe the
‘¢ atmofphere, are of very different natures,
“ though without any known principle of at-
“ tra&tion between them, and alfo of different
¢ fpecific gravities; and yet they are never fe-
¢ parated but by the chemical atira&tion of {ub-
¢ ftances, which unite with the one and leave
¢ the other.”—Moreover, Sir Benjamin Thomfon
has found that moift air condu@s heat better
than dry air, ("Vid. Philofophical Tranfaétions,
1786.)

From the two firft mentioned difcoveries we
may venture to infer, that if a cubic foot of dry
air were mixed with a cubic foot of moift air of
the fame temperature, the compound would oc-
cupy a fpace of two cubic feet, and be of equal
elaiticity with the fimples, the two kinds of air
being intimately diffufed through each . other.
Hence then a flu€tuation of the denfity of the
air may happen thus: if a current of warm and
vapourized air flow into a body of cold and
dry air, it will difplace a part of the cold air, and
diffufe itfelf amongft the reft, by which means
the weight of the Aratum will be diminithed,
whilft its bulk and {pring remain the fame; and

wice werfa, if dry air flow into vapourized air.
The
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The firft fa@ may then be accounted for thus:
~the warmer any air is, the more water it will
imbibe, in fimilar circumflances; hence, the air
over the torrid zone, being the hotteft, will
contain the moft vapour; and the air about the
poles, being the coldeft, will contain the leaft*:
moreover, as the héat within the torrid zone,
and the height of the atmofphere there, remain
pretty nearly the fame all the year round, and
all the air approaching the zone from the two
temperate zones, is gradually affimilated in its
paflage to that of the faid zone, it follows, that
there can be little fluCtuation of denfity in the
lower regions of the air, and of courfe little va-
riation of the barometer in the torrid zone.

The fecond and third fa&s are the neccﬂ'ary
refults of the principles we are afferting :—in
winter, the feafon when the barometrical range
is obferved to be greateft, the temperature of
the air decreafes in proceeding from the torrid,
through the temperate, to the frigid zones; the

decreafe

* The reader will .pleafe to obferve, that the terms moiff
airy and wvapourized air, ufed in this and fome other cffays,
denote air containing a great portion of vapour, though it
tay not perhaps be chara@erized as fuch by a hygrometer,
~Thus, a cubic foot of air at the equator, which there is
. indicated to be dry by a hygromcter, will contain more va.
pour than a cubic foot of air here, at the freezing temperas
ture, which is indicated to be more moift than the former
by the hygrometer.—The difference of temperature pre-
duces this effeét.
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decreafe is at firt moderate, but grows more
and more rapid as we advance; in confequencc
of this decreafe, and the la% by which it is
regulated, every place in the temperate zone
will, then more particylarly, be fituate betwixt
the extremes of heat and cold, relative to its
own temperature, and the higher the latitude
the nearer will be thofe extremes to the place;
befides, that featon being liable to the highcft
winds, the air will readily be transferred from
one parallel to another; and as the air at all
times will endeavour to maintain a proportion
of vapour fuitable to its temperature, it follows,
that the air in general in the hlghtr latitudey
will then both be ¢o/d and dry. and in the lower
latitades both warm and mojf#, relatively fpeak.
ing. . The confequence is obvious, that as a cur-
rent from one or the other hand prevails, the
barometer will rife or fall accordingly, and the
rife or fall will be greater as the place is fituatg
nearer to the extremes of temperature, becaufe
the air will in that cafe fuffer the leaft change
in its paflage. In fummer, the heat all over
the northern hemifphere is brought almoft to
an equality at the different parallels; the whole
mafs of air is heated, {welled, and ‘replenithed
with vapour the air over the northern re-
gions is almoft brought into the fame flate as
within the tropics, and the baromcter there-
fore has almgft as Jittle variation, in that feafon,

Rere as there.

P2 The
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The fourth fa& offers nothing inconfiftent with
our theory : winds are the mediate caufe of the
variations of the barometer, and the currents of
air to and from the torrid zone are not partial,
but gcr‘lcral though fubjeét to confiderable mo-
dlhbauons in diretion ; befides, independent of
winds, thofe properties of the air, heat and moi.
fture, will always be diffufing themfelves in every
direction, where there is a deficiency of cither;
from which circumftances, it feems impoflible
that the variations of the barometer fhould be
local, though the amount of each Autuation will
not be the fame at places confiderably diftant,
From the ufual celerity of the winds, the changes
will happen upon the fame day ar places very
diftant; but theory feems to require, that the
northern parallels fhould firlt experience the
highcr extremes, and the fouthern parallels the
lower, and the obfervations upon the fourth faé
countenance the inference. However, a feries
of cotemporary oblervations made at two places,
differing confiderably in latitude, would alcertain
the fact; and if the places were one NE, of the
other, they would be {till more eligible for the
purpole, becaufe the two gencral currents of air
flow in that dircétion,

The climate of the ealtern coaft of Norzh
Anmerica is fo conftituted, that the decreafe of
the mean temperature in the wineer feafon, in
procceding northward, is much more rapid than

on
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on the weltern coaft of this continent; the con-
fequence is, that any particular place there is
liable to great and fudden flu€tuations of tempe-
rature in that feafon, and thefe produce propor-
tionate flu&tuations of the barometer, according
as the warm and vapoury, or the cold and dry
air predominate,
S
" The fixth fa& has not, that I know of, ever
been accounted for, or even been adverted to,
by thofe who have attempted to explain the
caufes of the variation of the barometer; and
yet it will admit of a fatisfallory explanation
upon the principles we have adopted. Indeed,
at firlt view, it feems inconfiltent with thofe
principles, becaufe we can produce no falts to
prove why the air may not deviate from its
mean ftate of heat and moifture as much to-
wards one extreme as towards the other; but,
allowing what is molt probably the true flate of
the cafe, that the deviations on each fide are
ncurly equal, (till the faé of the barometer ad-
mits of a rational folution.—Moilt air, as has
been obferved, condudts heat much better than
dry air; now when the loweft extreme of the
barometer happens, the air is moift, hlgh winds
generally prevail, and the atmofphere is much
rullled by clouds and ftorms; all thefe circume
ftances tend to diffufe and circulate the heat, by
reafon of which the law of decreafe of tempera-
‘ture in afcending, at fuch times, mult be very
materially
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materially different from what it is in ferene
weather; or, in other words, the decreale of
temperature in afcending muft be much flower
than at other times; we may venture to fuppofe,
that, in fome cafes, the mean ftate of decreale
for a few miles of elevation will be 1° for every
150 yards of afcent, inftead of 1° for every 100
yards, which is the ufual rate; the confequence
of this muft be a greater reduétion of the baro-
meter than otherwife would happen. Yor, let
the weight of the atmofphere at 3 miles of eleva.
tion be fuppofed equal to 15 inches of mercury,‘
the heat at the earth’s furface equal to 45°, and
that it decreafes in afcending after the ufual rate
of 1° for every 100 yards; then, the mean heat
of a column of air from the earth’s furface to 3
miles above it, will be 1§°.6, whence the weight
of the whole column from the earth’s furface to
the top of the atmofphere may be found by the

600l + .
theorem, page 82; or H = 6ol — ; 9 (y be-

ing given in this cafe) = 28.74 inches, the height
of the mercurial column of the barometer at the
earth’s furface: but if we fuppofe.the heat de.
creafes in afcending after the rate of 1° for 150
*yards, then the mean heat of the column be.
comes equal to 27°.4, and the height of the
barometer equal to 28.30 inches; the difference
is .44 of an inch, occafioned by this change in
the temperature, which is greater by .06 of an
inch than the difference of the ranges above

and
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and below the mean for January, at Kendal, as
ftated at page 98.

. The fuppofition made above, I prefume will
not be deemed extravagant, namely, that the
mean heat of a columin of air 3 miles high will
not differ more from that at the earth’s furface
than 17°, 8n certain occafions: when we ¢on-
fider the ftrong SW. winds during a thaw,
(when the loweft extreme ufually happens) and
that the thermometer often rifes to 45° at the
fame time that the froft is in the earth, and the
ground not cleared of {now, we muft conclude,
that the then increafing heat comes ftom the air
above, and not from the earth, and confequently
that the temperature of the air is greateft at a
confiderable clevation, and decreafes from thence
downward as well as upward; which circum-
ftance alone will greatly add to what the mean
temperature of the column would otherwife be.
—This irregularity and inverfion of the law of
heat in the atmofphere, by which the loweft ex«
treme of the barometer is removed farther from
the mean (tate than the higheft, can only happen
in winter, by means of a fudden influx of warm
air into cold; but in fummer the heat of the air,
being chiefly derived from the earth’s furface,
will be more equably diffufed upwards, and
prevent fuch a difproportion in the diftances of
the extremes from the mean, agreeably to ob-

{ervation,”
‘ Having
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Having now endcavourcd to C'{plam the prin-
cipal faéts relative to the variation of the baro-
meter, we fhall next advert to fome other par-
ticulars on the fubjet, which tend to illuftrate

. and confirm the doétrine we have advanced.

The barometer generally rifes with a wind be-
twixt the north. and the eaft; it rifes very high
during a long and umnterrupted froft; it was
higheft for the laft 5 years in Lmuary 17893
the mean temperature at Kendal, for 4 weceks
preceding, was 28°, which was lower than for
any other fimilar interval in the § years; there
was only 1.643 inches of rain and fnow for 7
weeks before; thefe were clear proofs of the
prevalence both of cold and dry air.

The barometer is often low in winter, when a
frong and warm S. or SW. wind blows; the
annual extremes for thefe s years have always
been in January; the loweft was in January,
1789, about 2 weeks after the above mentioned
high extreme ; it was accompanied with a ftrong
8. or SW. wind, and heavy rain; the tempera-
ture of the air at the time was not high, being
about 3%7°, but the reaflon was no doubt becaufe
one half of the ground was covered with fnow ;
it was thercfore probably warmer ahovc....Now
the reafon why the low extreme thould have at
that time, as well as at many others, foon fuc-
gecded the high extreme, fecms explicable ag

follows 1
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follows: the extreme and long continued cold
preceding, muft have reduced the grofs part of
the atmofphere unufually low, and condenfed
an extraordinary quantity of dry air into -the
lower regions; this air was fucceeded by a warm
and vapoury current coming from the torrid
zone, before the higher regions, the mutations
of which in temperature and denfity are flow,
had time to acquire the heat, quantity of matter,
and elevation confequent to fuch a change below ;
thefe two circumftances meeting, namely, a low
atmofphere; and the greateft part of it conftituted
of light, vapoury air, occafioned the .preflure
upon the earth’s furface to be fo mnuch reduced.
Hence then, it fhould feem, we ought never to
expet an extraordinary fall of the barometer,
unlels when an extraordinary rife has preceded,
or at lealt a long and fevere froft; this, [ think,
is a fair induction from the foregoing principles;
how far it is corroborated by paft obfervations,
befides thofe jult mentioned, I have not been
able to learn.

It is obfervable that the high extreme fcme
years.happens in O&ober or March, but gencrally
in one of the intermediate months; the low ex-
treme is moftly in December or January. From
the obfervations at Paris for 20 years, from 1699
to 1718, inclufive, if we take .11 of the lowelt
that were made, 1o of them were in December
and-January, and the eleventh in November..

Q The
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The month of January, 1791, will be long
remembered, on account of the loffes at {ea, and.
damage at land, by the extraordinary high winds,
which prevailed almoft inceflantly throughout
the month, from the SW.—See page 49 Now
a ftrong 'and warm SW. wind blowing continu-
ally in that feafon, when the atmofphere was low,
ought to have reduced the mecan ftate of the ba-
rometer unufually low; the fat therefore may
be produced, as an experimentuin crucis of the
theory ; accordingly, we find from the obferva-
tions, that the mean ftate of the barometer for
that month was lower by .14 of an inch, in the
north of England, and probably lower every
where on the weftern coaft of Eurgpe, than for
any other month in the laﬂ 5 years.

Tt does not appear from the barometrical ob-
fervations in the firft part of this book, that cold
alone, independent of every other circumftance,
has a tendency to increafe the mean weight of
the atmofphere over any place; for, if it had,
the mean ftate of the barometer would be hlghc;r
in winter than in fummer, contrary to experis
ence; if, therefore, the mean-{tate of the baroe
meter be lower in the torrid than frigid zones,
it is moft probably effeted by the vapoury air.

ESSAY.
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ESSAY FOURTH..

On the relation between Heat and other Bodies.

E have nothing new to offer on this fub-

jeft; but as fome knowledge of the.

matter is requifite in order to underftand fome

of the phenomena of meteorology, we purpofe

to give a brief explanation of fuch fads as may
be adverted to in the courfe of this work.

Different bodies that are equal in magnitude,
and of the fame temperature, do not contain .
equal quantities of fire; ncither do different bo-
dies, that are equal in weigpht and temperature,
contain equal quantities of fire.—For example,
if a cubic inch of irom be heated to 100°, and
then thrown into a given quantity of water at
50°% the temperature of the water will be aug-
mented ; but if inftead of iron, lead be ufed, the
temperature will not be fo much augmented;
on the contrary, if the iron and lead were colder
than the water, the iron would diminifh its tem- -
perature moft. 1f equal weighes of ivon and lead
were uled, the refults would be fomewhat diffes
rent, but ftill the temperature of the water would
be more augmented or diminifbed by the iron
than by the lead. When equal weighss are ufed
in experiments of this fort, that body which aug-
ments or diminithes the tempcrature the moft, is
faid 1o bave the greater capacity for heat; be-

Q.2 caula
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caufc a greater quantity of heat is required to be
added to, or fubtrated from it, in order to vary
its temperature cqually with the other.

‘The fame body, under the different forms of
JSolid, fluid, and aeriform, has different capacities
" for heat; in-the folid form its capacity is leaft,
and greateft in its aeriform ftate; alfo, when any
folid body is converted into a non-elaftic fluid,
or any non-claftic fluid into an elaftic fluid, by
heat, it abforbs a portion of heat during its con-
verfion, which does not increafe its temperature ;
and when the change takes place the contrary
way, by cold, it parts with an equal portion' of
heat, without having its temperature diminithed.
—To inftance in ice, water, and aqueous wapour :
if a pound of ice were taken of the temperature
of 20°, and a quantity of heat addod to it, fo as
to augment its temperature to 25°; an equal
quantity of heat would.z 1ugmcnt the tcmpcrature
of a pound of water lefs than 5°, and of aqueous
vapour {till lefs. “Again, if a pound of ice of
- 32°, and a pound of water of 172° were mixed
together, the temperature of the mixture would
be 32°, becaufe the ice requires 140° of heat to
melt it ; that is, it requires as much heat to melt
it as would imcreafe the temperature of a pound
of water 140°; whereas, if a pound of water of
32° were mixed with a pound of water of 172°,
the temperature of the mixture would be the
mean betwixt the two,.or 102°. AMo, it has
been found, that aqueous vapour, when con.
denfed
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denfed into water of the fame tempetature, gives
out 943° of heat. .

The capacities of earth, ftones, and fand, for
heat, are much lefs than that of water. This is
oné caufe why the viciflitudes of temperature
are greater at land than at fea*.

Another particular relative to heat is, that
fome bodies condut it better than others; in
this refpe@ there is a ftriking refemblance be-
tween the eleric fluid and fire; for, thofe bo-
dies which condu&t the cleric fluid well, ag
metals, water, &c. alfo conduéts heat well.—
Glafs, fealing-wax, and other eleétrics, conduét
heat very flowly s allo dry land, whether the fur-
face be ftony, fandy, or carthy, is found by ex-
petience to conduét heat flowly.

Sir B. Thomfun has by a feries of experiments
(fee Philofophical T'ranfa&ions, 1786) found the
powers of a few bodies to condu& heat to be
proportionate to the followmg numbers, namely:

Mercury = « = - - . - - 000
Moiftair = - -« - - « « - 330
Water e e e e e e om 313
Common air, denfity >~ - - - Bo.1x
Rarefied air, denfity ¢ - « - - 8o.23
Rarefied air, denfity 5% - - - - 78

Torricellian vactum - « = - - 5§
) E8SAY

*_'Thofe who wifh to fee the fubjeft touched upon above,
difcuffed at large, may perufe Dr. Craguford’s Experiments
end Obfervations on dnimil Heat and the Inflammation of coms
bufible Bodiess
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ESSAY FIFTH.

On the Temﬁmture of different Climates and
Seafons.

'R. Kirwan has treated of this fubjeét in
fo able a manner, that we can do little
more than extraét from his work *,

That the fun is the primary caufe of heat all
over the earth, is almoft too apparent ever to
~ have admitted of doubt; though fome philofo-
phers have imagined a central heat or body of,
fire in the earth, which, by its emanations, mi-
tigates the feverity of the winters in- the higher
latitudes : the opinion is, however, difproved
by faéts, which fhew, that the temperature of
places 30, 40, or 50 feet below the earth’s fur-
face, remains nearly the fame all the year round
as the mean annual temperature at the furface,
and that at a lefs depth the temperature varies,
in a fmall degree, with the feafon. The fa&
feems-to be, that in winter the earth gives out
to the atmofphere a portion of heat received in
fummer.

‘The earth’s furface is the- chlef medium by
which the fun heats the atmofpherc, for it is
" obfervable

o E/hmate of the Ttmp:ulure of different Lalxmdcr ‘
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‘oblervable that clear air is not heated in any
‘fenfible degree by the adtion of the fun’s rays.
The dire& rays of the fun falling upon fony or
Jandy ground, are found to increale its tempera-
ture amazingly, partly on account of its fmall.
capacity for heat; whillt the temperature of wa.
ter is thereby increafed very little, from its great.
capacity for heat, the refletion from its furface,
and evaporation. Water being a much better
condu@or of heat than land, preferves a greater
uniformity of temperature; whilft land is more
fubje& to the viciflitudes of heat and cold.

Living wegetables alter their temperature very
flowly ; the evaporation from their furfaces is
much greater than from the fame fpace: of
land uncovered with vegetables: forefs pre-
vent the fun’s rays from reaching; hence,
wooded countries are colder than thofe open
and cultivated.

Evaporation and the condenfation of vapour
are made fubfervient to the more equal diffufion
of heat over the different climates and places:
evaporation being great in the torrid zone, a
vaft portion of heat is thereby abforbed, and-
rendered infenfible, till being carried nprthward
or fouthward, the vapour is condenfed, and gives
out its heat again, which bcing diffufed in the
atmofphere, augments its temperature very con-
fiderably.

Mr.
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" Mr. Kirwan, confidering thefe and other cir-
cumftances, judges it moft eligible, in comparing
the temperature of different places, to fix upon a-
fituation that may ferve as a flandard of compa-
rifon, and he judicioufly prefers the fea to the
land, as being more free from accidental vari-
ations. By combining theory with obfervation,
he obtains the mean annual heat of the equator
equal to 84°, and that of the pole 31°; and then
gives the following theorem for the mean annual
temperature of the ftandard fituation in every
latitude ; namely, if § = the natural fine of any
latitude to radius 1; then, 84 — 53 x §* = the
mean annual temperature of that latitudc.

This theorem gives the temperature of dif.
ferent latitudes as by the following table.

Table of the mean annual temperature of the ftandard
+ fituation, for every 5 degrees of latitude.

Lat. _temp. Lat,  temp, Lat, _temp.! iLat, temp,Lat, tcmp f
o o Q o, o o T TeTTTT

‘o "84 20 77.840 " 62. 1'60 44..03‘80 32 s

|'s B3.625 745045 57.5 65 40 585 314

10 82330 70.7)50 52,9070 37.290. 31

15 80435 66.6ls5 48.4(75 34.6l

It afterwards becomes neceffary to confider
the modifications of the ftandard temperature
on land, from fituation, &c.

1. Elevation diminifhes the mean temperature
of places. Its effelts Mr. Kirwan fates as fol.
lows :
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lows: if the elevation be moderate, or at the
rate of 6 feet per mile from the neareft fea;
then, for every 200 feet of elevation, allow 4+ of
a degree for the diminution of the mean annual
temperature.

If the elevation be 7 feet per mile, allow + of a degree.

13 feet 7%
15 feet, or upwards 4

N. B. The elevation of any inland place may he found
fufficiently exa@ for this purpofe, by oblerving how much
"the mean annual height of the barometer falls fhort of 3o
inches, and allowing for the difference, according to the
theorem in page 81 ; becaufe the mean annual height of the
barometer, on a level with the f{ea, is nearly 30 inches every
where. ' k

2. Next to elevation, diftance from the ftand-
ard ocean feems to have the moft confiderable
cffe&t upon the mean annual temperature ; its
amount Mr. Kirwan ftates, from a comparifon
of obfervations, as follows: namely, the mean
annual temperature is deprefled or raifed, for
every 5o miles diftance, nearly at the following
rate:. '

From ylat: 70° to lat. 35° cooled § of a degree,

35 to 30 %
3o to 25 warmed}
25 to 20 =t .
20 to 10 1°,

R " This
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This effett of diftance from the ftandard e-
cean Mr. Kirwan feems to attribute to the un-
equal capacities of land and water for heat; but,
with deference to the opinion of fo refpeétable a
philofopher, T think this alone inadequate to the -
effe@t. ¥or, if land in genudl receive more heat
immcdlately from the fun in a year than water,
the mean temperature of the internal parts of
the continent ought to be the greateft from the
equator to the pole. And if land reccive /fs
heat, then, for ought that appears, the mean
temperature of the internal parts of the conti-
nent might be expected the lealt in every lati-
tude ; but in neither cale, I think, could we
conclude a priori, from the mere difference of
capacity, that the mean heat of the internal parts
of the continent would be greater near the equa-
tor, and lefs more northward, than the mean
heat upon the coaft.—To account for the effet
in queftiom, we fhall therefore propofe the fol.
lowing theory.

Let it be firft fuppofed that water receives a’

- greater quantity of heat, from the fun’s rays,
than land in general, under every parallel of la-
‘titude*; in the next place, it will be allowed,
that a much greater quantity of wager is evapo.
rated

* Tt is generally allowed, I think, that land reflefts more
light than water, and confequently imbibes Jefs; und the
quantity of heat received will doubtlefs be proportionate te

- the rays imbibed,
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rated from the fea, in the torrid zone, than from
an equal area of land in the fame zone ; ‘hence
it will follow, that the quantity of heat abforbed
by the vapour may, for ought we know, be fo
great as to reduce the mean temperature of the
{ea there below that of the land: in fuch cafe it
is evident, the further any-place is diftant from
the fea, the greater mult its mean temperature
be, all other circumftances being the fame,  A-
gain, the farther we proceed northward, the lefs
is the quantity of water annually evaporated
from a given furface of the fea; hence there
may be a parallel of latitude where the heat ab-
forbed by the greater evaporation of the fea, is
equal to the heat which the fea receives more
than the land; in this cafe therefore, the mean
temperature of the land and fea will be every
where the fame in the fame parallel.  Farther
than this, the mean' temperature of the fea will
become greater than that of the land, and the
more fo as the latitude. increafes. It appcars
then, that the difference of the capacity of land
and watet for heat, reyquires- to be joined to the
fuppofition that water receives more abfolute
heat than land from the fun’s rays. before we
can produce, @ priori, a refult fimilar to what i
ftated above as deduced from obfervation,

But if we purfue the thought ftill farther, we
fhall perhaps find, that the above ftatement of
the effe® of diftance from the ltandard ocean,

is
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is not altogether compatible either with theory
or ‘obfervation,—and at the fame time draw a
conclufion of much importance to.the fubjet we
are now difcufling.

- Tt is obfervable, that in the northern tempe-
rate zone, the internal parts of the caftern con-
tinent are generally hotter, in fummer, than on
the coaft under the fame parallel, except cleva-
tion of fome peculiarity of foil or fituation dimi-
nifh the temperature; but the cold of winter is
{fo much more fevere, that the mean temperature
is greatly reduced below the ftandard — Now in
“winter, when the influence of the fun is fo weak,
it fhould feem that the condenfation of vapour
alone affords the northern atmofphere a very
large portion of the fenfible heat it has in that
feafon. " And it appears in the former eflay on
winds, that the general current of air from the
equator is SW. when it arrives in the northern
temperate zone ; this current coming from the
fea to the weftern coaft of each continent, will
there meet with cold air, which condenfes its
vapour as it proceeds, affording plenteous rain
and heat to the weftesn coafts: as the current
proceeds into the internal parts of the continents
it lofes its vapour and heat, till at length the
precipitation becomes much lefs in quantity, and
in form of fnow ; the current then continues its
progrefs, and grows colder and colder till it ar-
rives at the eaftern coaft, unlefs the influx of fea

breezes
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breezes mitigate the temperature near the coaft.
Hence then it may be inferred, #bat in the tem-
perate zones, the weftern coafts of all continents
and large iflands, will bave a higher mean tempe-
rature than the eoftcrn coafts under the fame pa-
rallel, and particilarly will have more moderate

qwinte s

It remains now to fhew how far this inference
is countenanced by obfervation.—We are cer-
tain that the caltern coaft of 4/ia is much colder
than the weftern coaft of Eurgpe; on the eaftern
coalt of Kamfihatka, in latitude 55° N. Capt.
Cook found fnow 6 or 8 feet deep, in May, and
the thermometer was moltly 32°; and in Janu.
ary the cold is fometimes — 28°, and gcncrally
—8° At Pckin, in China, latitude 39° 54" N.
longitude 116° 29" E. the mean temperature is .
only 55°.5, the Atlantic under this parallel being
62°; the ufual range of the thermometer cach

ear is fromn 5°to ¢8°, not unlike what it is at
Philadelphia, which is under the fame parallel.
—Again, we are certain that the eaftern coaft of
North America is 10 ot 12° colder than the op.

ofite weftern coalt of Eurgpe; and hence it
may be prefumed, that the weftern coaft of
North dAmerica, or that of Cali forma, is warmer
than the eaftern. The NE. parts of Siberia on
the one continent, and the country about Hud«
Jon's Bay on the NE. fide of the other continent,

feem equally fubject to the moft rigorous cold
in
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in winter. But to proceed to the other mo-
difications. of the ftandard temperature.

3. As for the effells of mountains, forefts,
" feas, &c. upon the . mean annual temperature of
places, Mr. Kirwan obferves, that all countries
lymg to the windward of high mountains, and
extenfive forefts, are warmer than thofe lying to
the leeward, in the fame latitude. Countries
that lie fouthward of any fea are warmer than
thofe that have that fea to the fouth of them.
Hlands participate moft of the temperature of
the fea, and are therefore not fubjet to the ex-
tremes of heat and cold fo much as continents.

We fha]l here introduce a table containing
thé mean annual temperature of feveral places,
as determined by obfervation, from the ¢ Lfti.
mate, &c.”’ page 113.

Notth | [0, lokean
Lat. onet 7111225\:1 «
Wadfo, in Lapland -~ - l70° 5 36°
Abo - - - - 6o 27| 22°18°E. 4¢
Peterfburgh ©  -' - - 59 56| 30 24 .. 388
Upfal. - - - - 5§59 51| 17 47 E. 41.88
Stockholm - - - |59 20| 18  E. 42.39
Solyfkamtki - - - 59 54 L 36.2
Edmburgh . - . 55571 3 Wy
Kefwick* . .. . 54 33 3 3 W.46
Y Kendal . . . - lsqgur| 2 46 W. 46.4/
Franeker

# Thefe two places are inferted from page 29 and o of shis work,
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Franeker - - .
Berlin . - -
Lyndon, in Rutland -
Leyden - - - -
London - - -

Dunkirk - - - .
Manheim - - -
Rouen - - - .
Ratifbon - - -
P.ris - - -
[Troyes, in Chdmpmgne -

l( noa - - -
Dijon - - - -
Nantes - - - “ -
Poitieres - . -
Laufaune . - -
Padoa - - . - -
Rhodes, in Guienne - -
Bordeaux - - -

Moutpclier o, . -
Marfeilles - - -
Mont Louls, in Roufillon -
Camhrldge, in New Lngland
Philadelphila . .+ -
Pekin - - . .
Algiers - - ..
Grand Cairo - - .
Canton - -
Tvoli, in St. Dommgo .
Spanith Town, in Jamaica «
Manilla - - - -
Fort St. George “
Pouticherry — « -«

Falkland [flands - -
Quito - . - -

: Mean
Nf;:h Longitude, |annual
“_.'_ —e Heat.
53° ol 5%z E. .5z°6
52 321 13 31 E. 49
52 30/ © 3 W.48.03
52 10| 432 E.|52.25
51 31 519
51 2| 2 7L 549
49 27] 9 2 E. 515
49-261 1 W.s1
48 56 12 5 E. 49.35
48 50| 2 25 E. 52 |
48 18] 4 10 E. 537
48 12| 16 22 E. s1.53
47 19| 4 57 E. 52.8
47 13| 1 28 L. 5553
46 39| o go E. 53.8
46 31| 6 50 E. 48.87
45 23| 12 E. 52,2
45 21 279 E. 529
44 50| o 36 W.57.6
43 361 3 73 L. 6087
43 19| § 27 E. 61.8
42 | 2 40 E. '44.5
4z 25, 71 W.s0.3
39 56175 9 W.525
39 54 116 29 Eo 55-5
3649 2 - 72
30 |31 23l 73
23 113 E. 7514
19 >74
18 15! 76 38 W. 81
14 36 120 58 E. 78.4
13 87  E. 813
12 67 E. 88
South
Lat. :
51° 01 66 W.47.4
o 13! 77 .50 W. 62

The hotteft place mentioned in this table is Ponticherry ;
the heat there is fometimes 113 or 115°, which far exceeds
that of the human body. ‘The meap heat of June is 95°.4.

In



128  On the Temperature of Climates, ¥.

In fome parts of Africa the hcat even cxcecda that of
" Ponticherry.

Of all inhabited countries, Siberia feems the coldeft ; its
great clevation and diltance from the occan both confpire to
make it fo. Mercury has often been frozen there by the
natural cold, which confequently exceeded —39°. The
mean temperature of [rkutz, latitude 52° 15° N, longitude
105° E. from O&ober 1780 to April 1781, was — 6°.8.

At Peterfburgh the cold has been kriown — 39°: and is
one year with another, at an average, ~—25°; the greateft
fummer heat, on a mean, is 79°, yet once it amounted to 94°.

General Obfervations and Inferences.

Eftimate, ©'c. page 19. ¢ The temperatures of
different years differ very little near the equator,
but they differ more and mare, as the latitudes
approach the poles.

« [t fcarce ever freezes in latitudes under 15°,
unlefs in very elevated fituations; and it {carce
ever hails in latitutes higher than 60°.

¢« Between latitudes 359 and 60°, in places

adjacent to the fea, it generally thaws when the

fun’s altitude is 40°, and feldom begins to freeze
until the fun’s meridian altitude is below 40°.”

Page 28. < The greateft cold, within the 2.4
~hours, generally happens half an hour before
fun-nfc, in all latitudes. The greateft heat in.
all
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all latitudes between 60° and 45°, is found
about half paft 2 o’clock in the afternoon; be-
tween lat. 45° and 35°, at 2 o?clock§ between:
lat. 35° and 25°, at half paft 1; and between
lat. 2 5° and the equator, at 1 o’clock.

“ On fca, the difference between the heat of
day and night, is not fo great as on land, parti-
cularly in low latitudes.

¢ The coldelt weather, in all climates, gene..
rally prevails about the middle of January, and
the warmeft in July, though, aftronomically.
fpeaking, the greateft cold fhould be felt at the.
latter end of December, and the greateft heat in-
the latter end of Junc; but the earth requires
fome time to take, or to lole the influence of
the {un, in the fafie manner as the fea, with re-
fpe& to tides, does that of the moon.”

‘Page 104, tc, « July is the warmeft month_
in all latitudes above 48°; but in lower latitudes
Auguﬂ is generally the warmeft.

¢ December and January, and alfo June and
July, differ but little. In latitudes above 30°,
the months of Auguft, September, O&ober, and
November, differ more from each other, than
thofe of February, March, April, and May. In
latitudes under 30°, 'the difference is not fo
great. - The temperature of April approaches
S - more,
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more, every where, to the annual temperaturé,
than that of any other month: whence we may
infer, that the effeéts of natural caufes, that ope-
rate gradually over a large extent, do not arrive
at their mawimum, until the a&tivity of the caufes
begins to diminifh; this appears alfo in the ope-
ration of the moon on feas, which produces
tides ; but after thefe effeés have arrived at their
maximum, the decrements are more rapid, than.
the increments originally were, during the pro-
grefe to that maximum™*,

« The differences between the hotteft and
coldeft months, within 20° of the equator, are
inconfiderable, except in fome peculiar fitua-
“tions 3 but they increafe in proportion, as we
-recede from the equator..

In

* The Toregoing obfervations, made at Kendal and Kef-
wiek, afford fome remarkable exceptions to the three laft
general obfervations.—December is the coldeft month in
thefe places; though perhaps a mean of 5 years is not fuf-
ficient to determine the point. Augult is generally the
warmeft month, and not July; the reafon of this laft 1 take
to be, our mountains being topped with fnow during the
fpring, which retards the increafe of temperature, and throws
the maximum of heat later in the fummer. For the fame
reafon, the month of April is colder than the annual mean :
O&ober feems the neareft to it. The ftandard temperature
for thofe places is 49° 5 the difference, being between 2 and
3°, muft- be attributed, I think, chiefly to the extenfive
rangés of mountains and high lands, in almoft every direc-
“tion ; unlefs, perhaps, we have determined the temperiture
too low,——Ste the obfervations, page 30,
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In the higheft latitudes, we often meet with a
heat of 75 or 80°; and particularly in latitudes
59° and 60°, the heat of July is frequently
greater than in latitude 51°.

. Every habitable latitude enjoys a heat of 60"
at leaft, for 2 months; which heat {eems ne-
ceflary, for the growth and maturity of corn.
“The quicknels of vegetation, in the higher la-
titudes, proceeds from the duration of the fun
over the horizon. Rain is little wanted, as the
earth is fufficiently moiftened by the liquefation
of the fnow, that covers it during the winter;
in all this, we cannot fufficiently ad¥ire the wife
difpofition of Providence.

Sz : LESSAY
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ESSAY SIXTH.

On Ewvaporation, Rain, Hail, Snow, and Dew.

VAPORATION is that procefs in nature

by which water and other liquids are ab-
forbed into the atmofphere, or are converted
into elafltic fluids, and diffufed through the at-
mofphere; the liquid thus changed, is termed
vapour, and the vapour is charalterized by the
name of the liquid from which it was generated,
as aqueous vapour, or the vapour derived from
water, &c.—Whether the vapour of water is
ever chymically combined with all or any of the
elaftic fluids conftituting the atmofphere, or it
always exifts therein as a fluid fui generis, dif.
fuled amongft the reft, has not, I belicve, been
clearly afcertained.

The following circumitances are found pow-
erfully to promote evaporation; namely, beat,
dry air, and a decreafed weight or preffure of the
atmofphere upon the evaporating furface.. The
firlt and fecond are known to have that effeét,
from every one’s experience; the laft is proved
to have fuch an effe@, by the air-pump. For,
when the air is exhaufted out of a receiver, a
Jarge quantity of vapour is raifed from the wet
Jeather ‘upon the pump platc, this vapour is
precxpltated again when the air is let in, fo as to

appear
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appear falling like a fhower*. 1f a quantity of
warm water be placed under a receiver, when
the air is rarefied to a fufficient degree, the water
boils with great violence, and a large portion of
‘it may in this manner be readily raifed in vapour,
which- is as foon condenfed by the cold of the
furrounding medium, and falls upon the leather
of the pump.plate. The reafon of this is, that
the greateft heat water is fufceptible of, or its
boiling heat, depends upon the preflure of the
air upon its furface; the lefs the preflure, the
lefs is the boiling heat; and whenever it arrives
at the. boiling Heat, the greater heat applied to
augment its temperature, inftead of doing fo,
converts a portion of it into vapour, which, as
has been remarked, abforbs a great quantity of
heat, without any increafe of temperature+,

As- this variation of temperature in boiling

. water according to the different preflure of the
air, is a circumftance not foreign to the fubjeét’
we are upon, and perhaps the quantity and mode
of the variation may not be generally known,
we fhall bere introduce the refult of a feries of
experiments made in order to afcertain what
preflure upon the furface of water is requifite
to make it boil at a given temperature; having
never feen any fimilar account, though the thing
has

* See a note upon this fubje&, page 136.

t Hence we fee the realon of the provifo, page 2o, in
determining the boiling point of thermometers.
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has' probably been done by others with more
accuracy. » |

H::; eor:' :)hocm \:;tcr P';‘gfw,‘;np?; ch':: Rarcfaitiifn of thJ
of mercury. )
212° 30.00 . 1
200 22.8 1.3
190 18.6 S )
180 15.2 L2
170 12.2 2.45
160 945 3.2
150 7.48 4
140 5.85 5.1
130 442 6.8
120 327 9.2
110 . 2.52 1.9
100 1.97 15.2
L) 1.47 20.4
8o 1.03 29

N. B. M. D¢ Sauffure found the heat of boiling water
upon the fummit of mount Blanc, 186° ; the height of the
mountain is near § miles above the level of the fea; the ba-
1ometer was 16 inches 3£% of a line (a little above 17 Eng.
lifh inthes. ‘

Experiments of this fort, when made with all
the accuracy they will admit of, I am inclined to
think will lead to the true theory of evaporation,
and to the ftate of vapour in the atmofphere;
upon confideration of the fadls, it appears to me,
that evaporation and the condenfation of vapour
are not the effe@ts of chymical affinities, but that
aqueous vapour always exifts as a fluid /fui ge-
neris, diffufed amongft the reft of the aerial

ﬁUidSQ
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fuids.—Tt is true, the fa& that a quantity of
common air of a given temperature, confined
with water of the fame temperature, will only
imbibe a certain portion of the water, and that
the portion increafes with the temperature, feems
chara&eriftic of chymical affinity ; but when the
fa&t is properly examined, it will, I think, ap-
‘pear, that there is no neceflity of inferring from
it fuch aﬂ"mitj.

Granting the truth of the preceding experi-
ments, when the incumbent air is rarefied 29
‘times, water of 80° is at the point of ebullition ;
or, in other words, aqueous vapour of the teme
perature of 80°, can bear no more than 1.03
inches of mercury, wnthout condenfation ; this,
then, is the extreme denfity of the vapour of
that temperature, Now, when a quantity of at-
mofpheric air of 80° imbibes vapour, the vapour
is diffufed through it, and it may therefore con-
tinue to imbibe till the denfity of the vapour,
confidered abftrattedly, becomes % of what it
is when under the preffure of 30 inches of mer-
cury, and its temperature 212°; or, till & of
the bulk of the compound mafs is vapour, and
then it will be faturated, or imbibe no more;
becaufe if it did, the denfity of the vapour muft
be-increafed, which it cannot be in that tempe.
rature, without lofing its form, and becoming
water. Thus then it appears, that upon this
hypothefis, there is no need to fuppofe a chy-

mical
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mical attraltion.in the cafe ; and further, that &
cubic foot of dry air, whatever its denfity bey
will imbibe the fame weight of vapour if the
temperature be the fame; and-laftly, that it may
be determined a priori, what weight of vapour
a given bulk of dry air will admit of, for any
temperature, provided the fpecific gravity of the
vapour be given. For example, let it be re-
quired to find the weight of vapour which a
cubic foot of dry air of 80° will admit of, or im-
bibe, fuppofing the fpecific gravity of air .co12,
and that of vapour to air as 3 to 4:—A cubic
foot of water weighs 437500 grains, and the
fpecific gravity of vapour from the data, is .c00g}
- now the compound mafs being denoted by ¢, we
fhall have 43¢ = the vapour, and ¢ = 1 foot +
4593 that is, ¢ = 23 foot; and the vapour =
oy foot, = 14 grains. This, it will be obferved,
is the refult of the bypothefis. M. De Sauffure
determined by the experiment alluded to, page
104, that a cubic foot of dry air of 66° would
imbibe 11 or 12 grains of water. Hence then
it feems probable that the hypothefis would a«
gree with experiment.—By a like procefs, we
fhall find the weight of vapour imbibed by a cu«
bic foot of air of 150°, equal to 131 graing.*

Evaporation

. * I cannot forbear remarking in this place, that the fa&
obferved by Dr. Darwin, in the Philofophical Tranfations
for 1788, fupports the theory we have here advanced, and’
indeed, I think, cannot be fo ratlonally accounted for on any!
other. the fa&k was, that air during ite rarefa&ion attra&te

heat
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Evaporation from land in general muft be lefs
than the. rain that falls upon land; otherwife
there could be no rivers. In winter the evapo-
ration is {mall, compared to what it is in fum-
mer. From a feries of experiments made in the
prelent year, 1793, I found the mean daily
quantity evaporated from a veflel of water, in a
fituation pretty much expofed to wind and fun,
for 13 days of March, to be .033 of an inch in
depth, the greateflt .064; for 21 days of April
‘the” mean- daily quantity was .o555 of an inch,
the greateft .r115; for 26 days of May the
mean was .0755, the greateft .1346; for 14
days of June the mean was .063, the greateft
.098; for 8 days of July the mean was .122,
the greatelt .195: I never found the evapora-
tion from water any fummer much to exceed .2
of an inch in 24 hours, in the hottelt weather,
From thefe experiments, and other confidera-’

T tions,
heat from the furrounding bodics, and gives off heat during
its condenfation 3 now, the moment any quantity of atmof-
pheric air is rarefied, its vapour muft be rarefied alfo, and -
‘hence a portion of moifture will expand into vapour in order
to reftore that ftate of denfity which the temperature admits
of, and abforb the requifite quantity of heat from the bodies
adjacent ; again, the moment air is condenfed, its vapour is
condenfed proportionally, fo that the abfolute quantity of
vapour which retains its form, will always be as the fpace
occupied by the condenfed air, and the refl will be precipi-
tated, -giving off its heat to the furrounding bodies.—Not-
thhﬁandmg what is here faid, it is probable that a decreafled

prcﬂ‘ure upon the furface of water accelerates, if it do not in«
créafe the evaporation, all other circumftances being the fame.
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tions, it feems probable, that the cvaporatton
both from land and water, in the temperatc and
frigid zones, is not equal to the rain that falls
there, even ih fummer.

When a prec1p1tat10n (or condenfanon, which
ever it be) of vapour takes place, if the tempe-
rature of the air be above 32°, the matter preci-
pitated is liquid, or in form of rain; but if the
temperature of the air be lefs than 325 it is in
form of fhow ; when drops of rain, in falling,
pafs throw a fratum of air below 32°, they are
congealed, and form hail.

If we adopt the opinion, which to me appears
the . more probable, that water evaporated is not
féhymically combined with the aerial fluids, but
exifts as a peculiar fluid diffufed amongft the
relt; whenever any condenfation of it bappens,
the matter mult be precipitated, though not in
the chymical fenfe of the word ; we would there-
fore be underftood in this effay to ufe the words
precipitation and precipitated merely to denote the
effeét, without any allufion to chymical agency.

Different theories to account for thefe preci-
pitations from the atmofphere have been formed;
but the principles of none appear to me to bc
more plaufible, and confiftent ‘with faés, than
that which has lately been offered to the pub.
lic, in the Edmburgb Philofophical Tranfactions,

by
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by Dr. Hutton of that place. From a fhort te-
view of the article (for 1 have not feen the on-‘
ginal) it appears, that he confiders the varietics
of heat and cold, affeling the folvent power of
the atmofphere, as the fole caules of rain. In-
deed, when we. confider that evaporation and
the precipitation of vapour are diametrically op-
pofite, it is reafonable to fuppofe that they {hould
be promoted by oppofire caufes; and as heat
and dry air are fuvourable to evaporation, fo
cold, operating upon air replete with vapour,
promotes its precipitation. The point upon
whici: we differ, I fuppofe will be, that he con-
fiders warer chymically combiped’ with the at.
mofphue, and that cold produces a precipitation
in a manner fimjlar to what it does in water fa-
turated with falt, or in other chymical procefles;
whereas | fuppofe, that a portion of the vapour,
confidered as a ditin¢t and peculiar fluid, is
condenfed into water by cold: the effe@s 1e-
fulting from the two theories will therefore be
much the fame.

The reafon then that a SW. wind in thefe
parts brings rain, feems to be, that, commg
from the torrid zpne, it is charged with vapour,
and the heat efcaping as it proceeds northward,
a precipitation of the vapour enfues; but 2 NE.
wind, blowing from a cold into a warmer country,
has its capacity for vapour increafed, and there-
fore we generally find it promate evaporation

T2 From
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From the obfervations upon the quantity of
rain that falls in different places, it feems clearly
afcertained, that there is more rain in moun-
tainous than in level countries. The reafon
feems to be, that the inferior, warm, and va-
poury frata of air, ftriking againft the moun.
tains, are made to afcend into the colder regions,
by which eans the vapour is precipitated : the
fituation of places, however, may be too high to
experience an extreme in this refpet; thus, the
rain in Switzerland, and amongft the Alps, is
not -probably greater than in the north of Eng.
land. Tt is more than’ probable too, that the
rain in places fituate near the weftern coaft of
Great-Britain, and of the Continent, is greater
than in the more inland parts. Mr. Clark, in
his Letters on the Spanifh Nation, obferves,
that there was an inftance when no rain fell in-
Caftile for 19 months together ; the province is
in the centre of Spain, and at a great diftance
from the fea.

In the level parts of this kingdom, ‘and in the
neighbourhood of the ‘metropolis, the mean an-
nual rain is only 19 or 20 inches.

Profeffor: Muffchenbroek has given us an ac-
count of the mean annual rain at feveral places,
which we fhall fubjoin, together with an account
from fome other places. The inches differ a
little in different countries, but the difference
is too trivial to merit much notice in this place.

Mean
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Maan apnual roige
Inches.
Utrecht, Haerlem, and Life, each - 24

Delf, and Harderwick, eich o« «. « 2%

Dort - - . - - 49
Middleburgh, in Zealand - - - 33
I’ulis - - - . . . 20
Lyons =~ - - - - - - 37
Rome - - - - - - 20
Pudua - - - o= - - 37,}.

Pifa - - - - - - 34.;
Zurick, in Switzerland - .« - 32

Ulm, in Germany -~ - - = 26§
Wittenberg - - - - - 16§
Berlin - - - - - . 19%

In Lancathire - . - - - 41
Upminfter, in Bffex .« «  « & 19%

Bradford, in New England (2 years)* - 31.4

Langholm, 7 . i ) 36 +
Branxholm,} in Scotland ' 31 +
Kendal - - - - - - 64.5
- Kefwick . - - - - 685

From the table of the mean monthly rain at
Kendal and Kefwick, page 38, it appears, that if
we would pitch upon 6 f{ucceflive.months, which
together produce more rain than any other 6
fucceflive months, at thefe places, we muft be-
gin with September. At Kendal, from Septem-
ber to March there is 37.6 inches of rain, and
from March to September only 26.9 inches;
at Kefwick, the raid in the former period a-

' meunts

# American. Philofophical Tranfactions,

+ Edinburgh Philofophical Tragfaétions
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mounts to 40.4, and in the latter to 28.1.e—
The reafon of this feems to be, that, in the for-
mer period, the temperature of the air is de-
creafing, and confequently its capac1ty for vapour
alfo ; which circumftance is an additional caufe
of thc prcc1p|tatxou of vapour. In the latter
period, the capacity of the air for vapour is in-
crealing, which occafions a lefs precipitation.

When a precipitation of vapour takes place,
a multitude of exceedingly {mall drops form a
cloud, mift, or fog; thefe drops, though 8co
times denfer than the air, at firlt defcend very
flowly, owing to the refiftance of the air, which
produces a greater effe as the drops are finaller,
as may be proved thus:— Let d = the diamcter
of a fmall drop, and nd = that of a larger ; then
the refiftances, being as the fquares of the dia-
meters when the velocity is given, will' be as 4*
and n°d?, refp'c&ively, but the magnitudes are
as d’ to n’d®, or as 1 to n*, whence, if the larg '
drop be divided into others of the fame magm-

" tude as the {inall one, the number will be = #°,
and the refiftance to them falling, as #°4d*, whilft
the refitance to an equal mafs in one drop is as
n*d*; confequently, the refiftance to the large
drop is to the refiftance of all the fmall ones,
moving with the fame velocity, as the diameter
of one {mall drop is to the diameter of the large
one, and the force bcmg ‘conftant, the time of
falling through a given fpace will be greater

when
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when  the drops are finall than when large.
From this it appears, that clouds confifting of
very fmall drops may defcend very flowly, which
‘is agreeable to obfervation ; if the drops in fal
ling enter into a Aratum of air capable of im-
bibing vapour, they may be rediffolved, and the
clouds not defcend at all ; and if the air’s capa-
city for vapour increafe, they may be all im-
bibed, and the cloud entirely vanifh. On the
other hand, if the precnpltatxon go forward, and
the air below have its full quantity of vapour,
the fmall drops meeting one another, will co-
alefce, and form larger ones, and defcend in
form of rain to the carth’s furface.—What is
faid of rain, will likewife hold of fnow, except
that the fmall particles coalefcing form fiakes, by
reafon of their not being fluid *.

From the important obfervations on the height
of the «clouds (page 41) we learn, that they are
feldomer above the fummit of Skiddaw, in Nov.
Dec. Jan. and Feb. than in the other months;
this clearly indicates the effe& of cold in re-
firaining the afcent of vapour. Were the mea-
~ furement extended above the fummit of the
mountain, it is probable, from the apparent law
of the table, that there could not be many ob-

fervations

# This account of the nature of clouds, and of the mode
of their rifing and falling in the atmofphere, was fuggeﬂed
by a philofophical friend and acquaintance; and it appears
e me yery sational and eonfiftent.
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fervations above 1300 yards in winter, nor above
2000 yards in fummer. This, it muft be ob-
ferved, relates to the height of the under furface
of the grofs clouds only. The fmall white ftreaks:
of condenfed vapour which appear on the face
of the fky in ferene weather, I have, by feveral
carcful obfervations, found to be from 3 to 5
miles above the earth’s furface.

‘When. vapour is condenfed into fmall drops
upon the furfaces of bodies: on the ground, it is
called. dew ; the only feeming difference betwixt’
dew and rain is, that the condenfation of the
vapour in the one cafe is made at or near the
furface of the: body receiving it, and in the other
the drops: fall a confiderable fpace before they
reach the earth; the caufe is the fame in both:
cafes, namely, cold, operating upon vapoury air.
At firft view it will: feem: inconfiftent that a: con-
“denfation of vapour fhould take place in the air
refting upon: the earth’s. furface, which is-gene-
rally fuppofed to. be warmer than that above ;.
but it is an inconteftable fact, that after fun-fet,
and during the night, in ferene weather, the air
is coldeft atthe earth’s furface, and grows warmer.
the higher we afcend, tilli ai certain- moderate:
height (perhaps from 20 to 100. yards, or up.
wards), this I have often obferved myfelf, before
I happened to fee it elucidated, by a feries of
experiments, in the Lettres phyfiques, €%c, Tom.
5,. page. 561.  And. accordmgly we findy. that.

dew
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dew and hoar froft are more copious in valleys
than in elevated fituations. That dew depends
upon this circumftance can hardly be doubted,
“becaule when clouds or winds prevent it, there
is little or no dew formed.

We thould fcarcely be excufed, in concluding
this eflay without calling the reader’s attention
for a moment to the beneficent and wife laws
cltablifhed by the Author of Nature, to provide
for the various exigencies of the fublunary crea-
tion, and to make the feveral parts dependent
upon each other, fo as to form one well regulated
fyﬂ:em, or wholc.-—In the torrid zone, and we may
add in the temperate and frigid zones alfo, in
fummer, the heat produced by the ation of the
Hfolar rays would be mfupportable, were not a
large portion of it abforbed, in the procefs of
evaporation, into the atmofphere, without in-
creafing its temperature ; this heat is again given
out in winter, when the vapour is condenfed, and
mitigates the feverity of the cold. The dry
fpring months are favourable to agriculture, and
the evaporation, which then begins to be confi-
derable, abforbs a portion.of the heat imparted
to the earth by the fun, and thus renders the
tranfition from cold to heat flow and gradual; in
autumn the fun’s influence fails apace, and the
gondenfation of vapour contributes to keep up
the temperature, and prevent too rapid a tran-

fition to wmter.
v ESSAY
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ESSAY SEVENTH.

On the Relation betwixt the Barometer and
Rain.

INCE the barometer has, become an inftru-
ment of general ufe, and is adopted as a
guide by moft people interefted in the ftate of
the weather, it may be of fervice to invefti-
gate the relation fubfiling betwixt the weight
of the atmofphere and its difpofition for rain,
from the facts afforded us by obfervation,—and
we may at the fame time confider what further
arguments can be obtained in {upport of the
foregoing theories.

In the firft place it is remarkable, that, from
the table of the mean ftate of the barometer for
5 years, in page 16, we find the higheft mean’
upon 6 fucceffive months obtained from March
to Auguft, inclufive; that is, the mean ftate of
the barometer for March, April, May, June,
July, and Auguft, taken together, is greater
than for any other 6 fucceflive months, being at .
Kendal, for inftance, 29.83, and for the remain.
ing 6 months, only 29.75. But what is more
particularly worthy of notice, is, that in this re-
{pe, the rain and the barometer are juft the
reverfe of each other ; for, in the former period

the
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the rain was leaft, and greateft in the latter, as
has been obferved, in page 141.

- Again, by recurring to the tables, page 16
and 38, we fhall obtain the following arrange-
ments of the months, beginning with that on
which the mean ftate of the baroweter was
higheft, and proceeding regularly on to the low-
eft 5 and again, beginning with that month on
which there was leaft rain, and proceeding to
that on which there was moft..

Barometer bigh. Barometer loro.

#ay, Avg, June, Mar. Sept. April. | Nov. Feb, Oflo. July, Dec. Jan.

Dry montbs. Wet montbhs.

Mar. Junc, May, Aug. April, Nov. | O€to. Feb. July, Sept. Jan. Dec.¥
Now it is obfervable, that the evaporation is
greatelt from March to Augult; confequently,
the air is then farther from the point of fatu-
ration, or has a greater capacity for vapour, than
in the other period; or, in other words, it is
drier, relative to its' temperature, than in the
other period.—Hence then we have a ftrong ar-
Va gument

* By making the arrangements for Kendal alone, and
taking in the prefent year, 1793, till Augult, and part of
1787, we obtain the following s

Bar. May, Aug. juhc, Mar. Sep. Apriby Nov. Feb, July, O&. Jan, Dec,
Rain. Mar, May, June, Aprily Aug. Ot Nov. Feb, Sep. July, Jan. Dec,
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gument for the theory of the barometer, as well.
as for that of rain.

But to be more particular in the inveftigation:
—It will be feen that there have been 6 months
when the mean ftate of the barometer at Kendal
was 30 inches or above; ¢ months when it was
29.9, or fromn thence to 3o inches; 17 months
when it was 29.8, or .from thence to 29.9, &c.
as per the following table.—~Now, in order ta
examine the relation of the barometer and rain,
it will be proper to find the mean monthly rain
for thofe diftributions of the months when the
mean ftate of the barometer was nearly the fame,
This we havc.done,,and the refult follows.

Mean ftate of the]Number; Mean monthly rain in the diffe ran

barometer, at| of dx_ﬁnbunpns, in mchcs
Kendal, months.! ~ Kendal, Kefwick,” London*,
30 + 6 | 2.605 2,511 212 | k

29.9 + 9 | 3362 | 4018 -835
2984+ |17 | 5402 | 5676 | 1.846 |
29.7 + 13 6.184 6.449 2.100
29.6 + i ¥.110 7.198 1.340
29.5 + 6 | 6.798 | 7.533 898
29.4 - r | 3306 | 3.6001{ 3.253
293 ! 8.369 | 11.357

The

* The account in this column, is the refult ef the' § years® obfervations
we have inferted in the firft part; the firft mean is for 4 months, when
the barometer at London was 30.1 plus; the fecond for 6 months, when it
was 39 plus, &c. the reft are for 7, 11, §, 2, and x months, refpectively,

+ There Was no rain-gauge this month at Kefwick3 the quantity fet
down is got by comparifon onlg.
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The inferences to be drawn from this table
are, 1ft, The higher the barometer is above its
mean annual ftate, the lefs rain there is. 2d.
The farther it is below its mean annual ftate,
the more rain there-is, till it comes to a certain
point, after which the rain feems to decreafs
again,

The firlt of thele inferences, being conform.
able to common obfervation, was expefted; but
the conclufion in the fecond, that the monthly
mean ftate of the barometer may be foo low ta
be attended with the maximum of rain, was not
apprehended till the preceding table, which, feems
to warrant ir, was digelted, However, it wag
immediately perceived, that the point might be
cleared up, by feleéting all thofe days which
have produced the greateft quantity of rain, and
finding the mean ftate of the barometer upon
thofe days, which may be taken for that ftate
moft eonducive to the greateft quantity of rain.
~The réfult of a careful examination of my own
obfervations, at Kendal, follows; during the
extraordinary fall of rain on the 22d of April,
1792, (fee page 38) the mean of the barometer
was 29.62; the other 2 days that gave more
than 2 inches of rain each, the barometer was
29.59 and 29.33 refpeclively: as for the other
56 days, on each of which there was more than
1 inch of rain, the mean ftate of the barometer
ypon the whole of them was 29.47, and for 5;

o
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of thofe days the barometer was between 29.03
and 20.8¢; the barometer on the other 2
"days was plainly irregular, being on the one
28,5, and it is remarkable, that the rain of that
day was barely 1 inch; on the other it was
30.06, attended with an extraordinary circum-
ftance. (See page 44, upon June 4, 1791).

From this it appears, that the heavieft rains
may be expefted when the barometer is about -
29.47, at this placc, or, in round numbers, 293
inches, which is a little above the mean of the
two great extremes obferved in January 1789,

or 29.44.

In the laft 5 years there have been 1827 days,
of which 1082, as per account, had rain, more
or lefs, at Kendal, and 59 of thofe gave above
1 inch of rain each; hence, at an average, there
has been 1 of fuch days in every 31, wet
and fair, and in every 18 wet days, nearly.
The number of days when the mean ftate of the
barometer was below 2¢ inches, were 40, of
which 2 only were fair; and yet there was but
1 of thofe that gave 1 inch of rain. From thefe
fatts we may conclude, that when the barometer
is very low, the probability of its being fair is -
much {maller than at other times; but that, on
the other hand, the probability of very much
rain, in 24 hours, is not fo great as at other
simes, which i confiftent with the conclufion:

obtained
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ebtained from the falts ftated in the preceding
paragraphs.

Upon an enumeration it appears, that there
have been 78 days in the different months of
the laft 5 years when the mean ftate of the ba-
rometer, at Kendal, was above the ufual high
extrreme for the month, as ftated at page 16 ;
only 7 of thofe days were wet, and the rain m
very finall quantities ; hence, the probability of
a fair day at that place, to that of a wet one, in
fuch circumftances, is as 10 to 1.

The preceding falts offer nothing but what
appears confiftent with the theories of the ba-
rometer and rain; when the barometer is above
the mean high extreme for the feafon of the
year, the air muft, relatively {peaking, be ex-
tremely dry or cold, or both, for the feafon; if
it be extremely dry, it is in a ftate for imbibing
vapour, and if it be extremely cold, no further
dcgrec of cold can then be expeéted, and there-
fore in neither cafe can there be any confider-
able precnpxtatlon : on the contrary, when the
barometer is very low for the {eafon, the air
muft relatively be extremely warm or extremely
moift, or both; if it be extremely warm, it is
in a fimilar ftate to dry air for imbibing va-
pour, and if it be extremely moift, there muft
be a degree of cold introduced to precipitate
the vapour, which cold, at the fame time, raifes

the
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the barometer. From which it follows, that no
very heavy and continued rains can be expeted
to happen whilft the barometer actually reémains
about the low extreme, but they muft rather be
the confequence of a junétion or meeting of ex-
tremes, which at the fame time cffefts a mean

ftate of the barometer.

E35AY
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ESSAY EIGHTH.

On the Aurora Borealis.

8 this eflay contains an original difcovery,

which feems to open a new field of enquiry
in philofophy, or rather, perhaps, to extend the
bounds of one that has been, as yet, but juft
opened ; it may not perhaps be unacceptable to
many readers to ftate briefly the train of cir-
cumftances which led the author to the important
conclufions contained in the following pages.

It will appear, from the obfervations, that the
author has been pretty afliduous, during the laft
6 years in noticing thofe very fingular and [trik-
ing phenomena, the aurore boreales, as often as
they occurred; in which time he has alfo feen
and confidered, with a proper attention, feveral
conjeftures and hypothefes, endeavouring to ac-
count for them; but as no hypothefis has yet
appeared that explains the general phenomena
in fuch a manner as to procure the acquiefcence
of any rational énquirer, it was natural to ex
ped that his attention would occafionally be
turned towards an inveftigation of the nature
and ciufe of the aurora.

X Ie
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It feemed to be fufficiently proved, that the
aurora was not without the earth’s atmofphere,
though he had never {een any thing done which
afcerrained the real height of any one appearance
with a tolerable degree of accuracy; and as the
atmolphere, or at leaft the grofs part of it, is in
all probability confined to the height of a5 or
20 Englith miles, he was unwilling to adwmit of
the grcater height of the aurora, unlefs com-
pelled to it by the refult of careful and accurate
obfervations. The prevailing idea too that the
aurora may be heard, was another means to
induce him to think it was at a moderate height.
— Appearances, however, were in direét oppofi--
tion to the thought ;—that one and the fame
aurora fhould be feen over a valt extent of
country, with much the fame circumftances, and
that fome of .them fhould appear in France,
Spain, and Italy, whilft they {o very feldom pafs
our zenith in the north of England, was a very
{trong argument for their great height. The
belt obfervations likewife upon thofe large fiery
meteors which occafionally fly over the country,
and are feen at fuch diftant places, feem to
‘prove the exiltence of an claftic fluid at the
height of 6o or 8o miles at leaft, which far ex-
ceeds the height of the atmofphere as prefcribed:
by the obfervations upon the barometer, or
even by the twilight; and if the atmofphere
exceed the hejght of 45 or 5o miles, as deter-
mined by the obfervations on the duration of

twilight,
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twilight, we have no data from whence to fix its
bounds; it may, for ought we know, amount to
4 or 5 hundred miles.

Thefe confiderations, it is evident, could not
fail of fuggelting to the author the expediency
of determining, by a&ual obfervations, the real
height of the aurora borealis, 'This he thought
mlght be accomplnhcd by the affiltance of his
friend and colleague in the bufinefs, Mr. erf
thwaite, ot Kefwick, who having for a long time
beeén accuftomed to,make fuch obfervations, was
the more eligible for the purpefe; but the man.
ner of doing it was firlt to be determined upon,
as the great difliculty was to afcertain that the
obfervations were cotemporary, and made upon
one and the fame objeét.

As the aurora often confifts of upright beams,
efpecially when high above the horizon, and thele
feldom continue one winute the fame, the queftion
was, whether to attempt the altitude of the bafe of
the beams, or the vertex, or both; this put the
author upon confidering more particularly what
the real form of the beams is when fiript of the
optical illufion, which muft accbmpan‘y all ob-
je€ts feen at a great diftance in the atmolphere,
namely, that of appearing to coincide with the
blue vault, or fky, and to conflitute a part of its
fpherical furface. A very moderate {kill in op-
tice was fuflicient to convince him, that as the

Xa luminous
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luminous beams at all places appear to tend to-
wards one point about the zenith, they muft in
reality be firaight beams, parallel* to each other,
and nearly perpendicular to the horizon; and
from the appearance of their breadth, they maft
be cylindrical. Thefe circumftances accounted
at once for the gurora appearing fo denfe north-
ward, towards the horizon, and the beams being
fo thin and fcattered towards the zenith, which
is fo uniformly the cafe. Moreover, as the
beams appear to rife above each other in regular’
fucceflion one fet above another, in fuch fort,
that the higher the bafes of the beams are, the
higher are their vertices, it feemed from this.
circumftance probable, that they are all of the
fame length and height; if this be the cafe, by
determining the greateft angle fubtended by the
beams, the relation or proportion of their length
to their height above the earth’s furface may be
determined geometrically, —This circumftance
deferved to be kept in view; and it appeared,
from oblervations made upon the awurora after-
~wards, that though the faét could not eafily be
afcertained, yet fo much was certain, that the
length of the beams bore a very great propor-
tion to their diftance from the earth, even fo as
to equal or perhaps furpafs the faid diftance.

Thus
* The author did not fee, before May 1793, the Philofo-

phical Tranfations for 1790, in which he finds this idca i§
fuggefted by A. Cavendift, Efq. ¥. R. 8. and A. 8, .
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Thus ftood the author’s knowledge and ideas
upon the fubjeét in the autumn of 1792.~The
very grand qurora in the evening of the 13th of
Ottober, was that which firft fuggefted and led
to the difcovery of the relation betwixt the phe-
nomenon and the earth’s magnetifm. When
the theodolite was adjufted without doors, and
the needle at reft, it was next to impoflible not
to notice the cxaltitude with which the needle
pointed to the middle of the northérn concentric
arches: foon after, the grand dome being form-
ed, 1t was divided fo evidently into two fimilar
parts, by the plane of the magnetic meridian,
that the circumftances feemed extremely impro-
bable to be fortuitous; and a line drawn to the
vertex of the dome, being in direétion of the
dipping-needle, it followed, from what had been
done before, that the luminous beams at that time
were all parallel to the dipping-necedle. It was
eafily and readily recollefted at the fame time,
that former appearances had been fimilar to the
prefent in this refpedt, that the beams to the eaft
and weft had always appeared to decline con-
fiderably from the perpendicular towards the
fouth, whilft thofe to the north and fouth pointed
diretly upwards, the inference therefore was
unavoidable, that the beams were guided, not
by gravity, but by the earth’s magnetifm, and the
difturbance of the necdle that had been here-
tofore obferved during the time of an awurora,
feemed to put the conclufion palt doubt. It

was,
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was: proper however to obferve whether future
appearances correfponded thereto, and this has
been found invariably the cale, as related in the
obfervations.

Soon after this, the author wrote to Mr.
Crofthwaite, defiring him to pay particular at-
tention to thefe phenomena for a {eafon, to take
the bearings, altitudes, times, &c. of every re-
markable appearance, and to obferve the point
to which the beams converged, the bearing of
the perpendicular beams, the extent and bearing
of the large, northern, horizontal lights, &c.
Thefe he performed with much readinefs and
fkill, and his obfervations agree fufficiently with
thofe made at Kendal, though he was entirely
unacquainted with the difcovery, and confe-
quently his obfervations could not be warped to
fuit the author’s purpofe.

The obfervations on the 15th of February,
1793, are thofe upon which the height of the
aurora refts principally, as none of the others
were fufficiently well timed and circumftanced
to be fubfervient to this purpofe, except perhaps
that on the joth of March, 1793.*

We

* It may not be improper here to advert to a circum-
ftance, which, if not noticed, may be a means of fubjelting
the author, in fome degree, to the imputation of plagiarifm.
——The advertifements refpeéting this work were printed
on the 10tk of April, 1793, in which the difcovery above

: ' mentioncd



On the Aurora Borealis. 159

We fhall now proceed to ftate the different
parts of this eflay, difpofing them into feparate
fections, as follows.

SECTION

mentioned was announced as an original one, and never be-
fore publifhed ; the author not knowing that any one had
publifhed the moft diftant intimation of their aferibing the
phenomena of the aurora borealis to magnetifm. On the
17th of {aid month, George Birkbeck, of Settle, an ingenious
and intelligent young man, a fubferiber to this work, in-
formed the author, that an anonymous perfon, in a certain
periodical publication, had given an effay on the aurora bo-
realis, in which, amongft other conjeétures, he had advanced
the opinion that it might be occafioned by the earth’s mag-
netifm ;——he was {o obliging as to tranfmit the author a copy
of the effay itfelf, which may be feen in a work entitled
Mathematical, Geometrical, and Pbhilofophical Delights, No, 1.
publifhed May 1, 1792, under the infpeétion of a Mr. Whiting.

The aunthor, who fubferibes himfelf Amanuenfis, ftates his
conjectures to the following purport, viz,

1ft. He fuppofes that magnetic efuvia are conitantly if-
fuing from the earth’s magnetic pole in the north, and that
thefe eflluvia, which he confiders of a ferruginous nature, fly
off in every direction along the magnetic meridians ; he then
conjetures that the fulphurous vapours, riling from the
many volcanos in the north, mixing with the magnetic ef-
fluvia, may catch fire, and fulgurate.

2d. He conje€tures that inflammable air having caught -
fire, may receive a maguctic dire@ion, by the current of
magnetic effluvia; he fubjoins to this conjefture, fome very
juft obfervations on the aurora, which we fhall have occafion
to mention hereafter. ‘

3d. He conjettures that ** a highly fubtilized aerial nitre
* always enters into the compofition of an aurora.”

Ath.
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SECTION FIRST.

Mathematical Propzf tions neceffary for illuftrating

~and confirming thefe concerning the
Aurora Borealis.

PROPOSITION I.

ALL lines or {inall cylinders, whether ftraight,
eurved, or crooked, feen at a confiderable dif-
tance in the atmofphere, and fituate within a
plane pafling through the eye, muft appear

' arches

4th. That the aurora, like lightning, may be of an elec-
tric nature. ‘

sth. He afks, ¢« May the luminofity be conveyed on the
¢ magnetic effluvia, as the eleétric on an iron wire 2"

6th, Fle conceives the reafon why the aurora is fo frequent
mow is, becaufe there are more volcanos in the north,

I fhould fuppofe that thefe conje@ures, as far as they refer
the phenomena of the aurora boreatis to magnetifm, are orie
ginal; and from the time of the publication it might be fufs
pected that I received the firft hinc from- it this bowever
was not the cale, this work bemg nearly ready for the prefs
before the 10th of April, and it was not till after, that the
letter containing the effay came to hand, which firft furnifhed:
me with the preceding conjeftures ; befides, it will be feen
that my epinions are, for the moft part, very different from
thofe ftated above,~wIt is not meant by this to depreciate
the merit of the ingenious Amanuenfis, who will probably be
well fatisfied to fee that the fuppofition of a relation be-
tween the awrora: borealis and magnetifm, which probably
firft occurred to him, is capable of being proved to a dew
monftration.
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arches of a circle, in whofe centre is the eye,
bounded by lines drawn from the eye to thc €Xe
tremities of the objedts.

DEMONSTRATION.

~ The femicircle AmnotgrsBP reprefents a part of
any plane paffing through the eye, fuppofed to be at-P, the
centre; A4 P B the interfefion of the faid plane with the
plane of the horizon ;. the arch of the femicircle reprefents
the interfe@ion of the firlt mentioned plane with the blue
canopy or fky; MN, 0TQ, and RS reprefent three cylina
drical beams feen at a diftance, whofe axcs are in the
plane Amnotgrs B P indcfinitely extended. Then the
obje@ MN being at a confiderable diftance, as §, 10, &¢.
miles, and quite detached from all objefts on the carth’s
furface, it follows, from the principles of optics, that the
mind cannot judge with certainty either of the abfolute dif
tance of the obje@, or whether the extremity M or N is
‘more diltant; in fuch a cafe, therefore, nothing appears to
the contrary but that both ends are equally diftant, and that
.MN is an arch of a circle in the fky, with the eye in the
centre; and this in faét is the judgment that is uniformly
made in the cale. For it is kpown to every one, that ce-
Jeftial obje&ts, and objects at a diltance in the air, as the fun,
Y moen,
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moon, .ilara,' meteors, &c. all appear at the fame diftance,
though vothing can be more dilproportionate than their real
diftances ; that is, they all appear as. if fituate in the fky s

hence then the obje@ MN will appear as the arch ma,
0T 2 as the arch ot g, and R§ as the arch rs. Q. E. D,

Corollary 1. Hence it may eafily be deduced,
that no line that is not wholly fituate in a plane
paffing through the eye can appear as the arch
of a great circle.

Carollary. 2. Hence alfo it follows, that if an
objeét appear to be the arch of a great circle to
two obfervers, fo fituate that they two, and the
object, are not all in the f{ame plane, the objedt

muft be a firaight line, or finall cylinder, be.
caufe it. muft neceffarily be wholly in two planes,
and confequently in their common interfeétion,
which is a ftraight line (Enclid, 11 and 3).

PROPOSITION 1I.

Imagine a cylindrical beam, as A F, elevated
in the air, and viewed from a flation on the
earth, "at a diftance, as in the laft propofition;
and fuppofe the beam fo fituate that a perpen.
dicular CP from C to the fide of the cylinder
B E may fall below B, or in the prolongation
of EB; then, | fay, the beam will apper broad.
elt ncar the bottom, and narrower as it afcends,
that is, its fides will appear bounded by the cir-
tumferences of two great circles, having their
common interfetion in-a line C¥ parallel to BE.
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DEMONSTRATION,

By the lalt propofition the lines bounding the eylinder
“longitudinally will appear as arches of great circles; and if
the line B£ be fuppolfed to be extended indefinitcly, the an-
gle PCE increafes, and when BE becomes infinire,. C£
coincides with C¥, and the angle PCV =« vight anes
and the very fame conclufion will follow if a perpendicular
be let fall from € upoun AZ£), or auy ather line parallel to
B E; therefore all right angles paallel 1o B2 will appear
arches of circles, which, if prolonged, would interfcé@ cach
other in the line UV, and the {pace bounded by avy two
arches will grow narcower from £ towards ¥, Q. E. D.

- Qorotlgry. 1f there be a number of beams
ranged all over a tranfparent plane parallel to
the horizon, at the height of A5 ; and if thefe
beams be parallcl to the beam K, then they
will all appear to converge towards ¥, from
every point of the horizon.

Scholium. The appearances of the extremitics
of the cylinder ate not here confidered ; but it
would be ealy to prove they mult appear elliptical,

Y 2 PRO-
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PROPOSITION 111,

Let there be a feries of cylindrical beams, -
DF, KL, &c. equal and parallel to each other,
all in a plane perpendicular to the horizon, and
at equal diftances from the horizon; and let
A B be the interfeétion of the plang with the
horizon; Hw/ its interfc&tion with the fky; €
the centre of Hwl, the place of obfervation;
and Co parallel to the beams; then, firft, the
beams will appear to rife above each other fuc-
ceflively, in the {ky, in fuch fort, that, of any
two beams, that which has the higher bafe, will .
have the higher vertex alfo, except when the
beams appear to pafs through, or lie wholly be-
yond the zenith; fecond, thefe about the zenith
will appear broadeft, and thofe neareft the ho-
rizon narroweft.

REMOD-
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DEMONSTRATION,

Join €D, CF, CK, and CL; then the bafe X will appear
higher than the bife D by the angle DCK, and the vertex
L higher thau the vertex F by the angle FCL. and fo on
for the reft of the beams, till the angle reprefented by FCZ
18" equally divided by a line from C to the zenith 5 afterwards
the contrary takes place. The angle under which the dia-
meter of the beam appears, being fuppofed fmall, will be
nearly as the diltance inverfely, add therefore greateft ae
the zenith, and lefs below, in proportion as radius to the

fine of elevation, Q. E. D,

PROPOSITION 1V,
The fame Figure remaining:

If the beams are equidiftant, and if CMN,
Cmn be drawn on each fide of v, fo as to touch
the bafes of two beams in M and m, and the
vertices of the two next beams in N and »n;
then. all the beams included in the angle NCx»
will appear diftinét, and all thofe below, on both
fides, will partly cover cach other, if opaque;
but if luminous, the light of the different beams
being blended, will increafe in denfity down.
ward, according to the number of beams croffed
by a right line from C, -

DEMONSTRATION,

The firft part is obvious, fiom the elements of geometry ;
and from the principles of optics, the diftance of the beams
makes no difference in their apparent brightne(s, unlefs what
arifes from the want of perfe& tran{parency in the atmof-

phere,
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phere, which fomewhat obfcures diftant obje&ss hence, the
greater the number of beams crofled by a right line from C,
the denfer will be the light in that direftion. Q, E. D:

PROPOSITION ¥.

The fame things being fuppofed as in Pro.
pofition’ third : let a circle be deferibed through
‘the extremities of any one beam, as D/, to
touch the horizontal line in ¢*; and if ¢Dand
¢ F be joined, the angle DcF, fubtend«d by the
beam, will be greater than that fubtended by
any other bean, as feen from ¢; and if FD be
produced to’ meet the horizon in 4, and the
quantity of the angle D¢ F be given, the propor-
gion of 4D to DF may be determined.

DEMON~

* To do which, fee the laft ;book of Simpfon's. Geonutrys
#pxob, 43, third edit,
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DEMONSTRATION.

Draw any line, DKXS, to cut the circle in X, and meet
the horizoatal line in §; join FK and F§; then the angle
DKF = angle DcF (Euclid, 3, 21) ; aod angle DKF is
greater than DSF (Euclid, 1, 21).

. Draw oc¢ perpendicular to the horizon from the centre
of the circle o, and bife@ DF by the perpendicular oG,
and Join o D5 then, fince the angle D F is given, Do G
is given alfo, being = D e F (Euclid, 3, zo), alfo the an-
Zles G and Aco bcmg n;,ht, and angle A4 given by hypos
thuﬁs, angle Got is given alfo, and corfequently Doc;
and the triangle Doc being ifoceles, the angles at D and s
are both given, and angle 4¢ DD alfo, bring the complement
of Dco; whence it will be ™

Sine AcD : lide A1) :: fine A: fide ¢D;

Ad tioe Doc: ide ¢ D :: fine Deo: fide Do ;

And radius : fide Do :: finve DoG : fide DG = L DF,
which gives the ratio of 4D o ODF. QE.D.

Scholium. We have here fuppofed the angle
A acute; but if it be taken obtufe, or the ob.
Tervations be made on the other fide of 4, the
proportion of 4D : DF may be found equally,
but the greatelt angle under which the beams
appear will be lefs ; thus, if G be produced to
O, fo that upon (), as a centre, a circle may be
defcribed to pafs through F and D, and touch
the horizontal line in C; then, the greateft angle
DCF will be at C, where the circle touches the
&orizontal line, as before.

BECTION
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SECTION SECOND.
Phenomena of the Aurorx Boreales..

THE appearances of the aurora come under
four different defcriptio‘ns —Virft, a borizontal
light, like the morning aurora, or break of day.
—~—Second, fine, flender, luminous beams, well
defined, and of denfe light; thefe continue 3, 4,
or 1 whole minute, fometimes at reft apparently,
but oftener with a quick lateral motion.—Third,
Aafbes pointing upward, or in the fame dire&ion
as the beams, which they always fucceed ; thefe
are only momentary, and have no lateral mo-
tion, but they are generally repeated many times
'in a minute'; they appear much broader, more
diffufe, and of a weaker light, than the beams;
they grow gradually’ fainter till they -difappear.
Thefe fometimes continue for hours, flalhing at
intervals.—Fourth, arches, nearly in the form of
rainbows ; thefe, when complete, go quite acrofs
the heavens, from one point of the horizon to
the oppofite point.

When an aurora takes phcc, thofe appear-
ances feem to {ucceed each other in the following
order :—Firft, the faint rainbow-like arches 3
fecond, the beams; and, third, the flathes: as-
for the porthern horizontal light, it will appear
in the fequel to confit of an abundance of

Jafbes,
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Safbes, ot beams, blended together, owing to the
fituation of the oblerver-relative to them.

Thefe diftintions, and the terms appropriated
for them, muft be kept in view, in atténding to
the following phenomena.

PHENOMENON 1.

The beams of the aurera borealis appear, at
all places alike, to be arches of great circles of
the fphere, with the eye in the centre, and thefe
arches if prolonged upwards would all meet in
one point.

This is canformable to my own obfervations, and to all
the accounts 1 have feen of the awrora.

PHENOMENON 1I.

The rainbow-like arches all ¢rofs the magnetie:
nieridian at right angles; when two or more’
appear at once, they are concentric, and tend ta
the magnetic eaft and weft ; alfo, the broad arch
of the horizontal light tends to the magnetic eaft
atid" weft, and is bife¢ted by the magnetic meri~
dian ; and when the surore extends over any
part of the hemifphere, whether great or fmall,
the line fepatating the illuminated part of the
hemifphere from the clear part; is half the cir-.
cumference of a great circle, crofling the mag--
riétic meéridian at right angles, and terminating.

Z m-
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in the magnetic ealt and weft; moreover, the
beams perpendicular to the ‘horizon are only
thofe on the magnetic meridian.

. Thefe have been the uniform apprarances at Kendal for 8
feries of obfervations pafl, as has been velated ; and from re-
colieftian, und the notes made upon former appearances, a8
well as from the inference to be drawn from the Jater obfer-
vations, I have no daubt the whole lift of the awrore were-

“conformable to this defeription,

The accounts from Kefwick corroborate the fames the horie
zontal light is deferibed as extending from WSW. to ENE,
and its higheft part in the middle, or NNW. or, when paft
the zenith, SSE*.——As for the vertical fireamers, their de-
clination from the vertical circles being fo finall, except about
the calt and weft points, it is do wonder if there be fome Ja-
titude in thefe obfervations, when the eye is to judge ; we
do not find, however, that this latitude has exceeded 10®
from the magnetic meridian,

That this phennmrnnn agrees with’ the obfervations made
in Lngland, France, Germany, &c. in the beginning of this
centary, when the gurora filt appeared, we learn from the
following extra@s. from the Tranfaétions of the Parifian
Academy. o

170%. March 6, between % and 10 in-the evening, M.
Leibnitz {ays an aurora borealis was oblerved at Berlin ; there
were two luminous arches, one above the ‘other, both dire&ly

notthward,

*"The horizontal archea, mdecd, ‘do not always appear to extend juft t
the magnetic eaft and weft, but often to. full fhort of, and fometimes to
furpufs thofe points; the reaon is, we judge of its extent from fts vifitilig’
above the fenfible honzon, and the light is cither lo faint by the great dif-
tance, or objc&s intervene, that we fcldom fee the extremity of the archy
within 2 or 39 of the hoﬂzon “this’ contradts or enlarges its vifible extent
amazingly, when the arch. malm a Small angle with the horizon
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northward, their concavity turned downwards, their chords |
parallel to the horizon.~—The variation of the needle in
Germany, &c. at that time, was very little. from the true
notth.

1716, M. Miraldi defcribes the horizontal lights of the:

g1th, 12thy and 13th of April, as having all the fame fitna-
tion, namely, extent from 4§ or 50° W. to 35 or 30° eaft
of the meridiat—m=T'he variation at Paris was then about
I point weltaly. :
. =——March 17. a rainbow-like arch was feen at Breff ;-
it extended from E.to W. crofling the meridian fouth of.
the zenith {oon after, a “horizontal light was feen, extent
from NW. to NNE. ‘

e At. Rouen, the fame night, a horizontal light was
feen ; its extent from 10° E. to 25 or 30° W.

e AL Newark, in Notinghamfbire, it was feen between
the NW, and N.

One feen at Copenbagen, February 1, 1707, is faid to have
extended from WNW. to NNE. ;

September 12, 1621, Gaffendus obferved an horizontal
light, at Aix, in Provence ; it extended between the fuminer
rifing and fetting. N. B. I'he variation then was a little
to the eaftward. i

1718. March 4. M. Mnulz/t& obferved an horizontal
light ; extent from NW. to NE, but declining about 19®
more to the welt,

"Thefe ohfervations, compared with thofe recently mdde,
fufficiently indicate that the pofition of the borizontal iights
and arcbes, changes with the needle, and is now much more

welterly than formerly*®
' Z2 : It

* Since writing the above, I find in the Philofophical ‘T'ranfactions of the
Royal Socicty for 1790, vol. 8o, feveral accounts of the rainbow like arches.
In Art. 4. Mr. Hey, after d-feribing: foverid arches, fays, “ the polos of all the
s¢ complete arches which 1 have fren had a wwsflern variation from the pole
% of the equator."——In Art. 5. Mr. Huchirfon defcribes one {ren on
the 213d of February, 1784, at Kimbolton, (63 mules NNW, of { anlon) te
have extended from ENE. to WSW ;5 and a defeription of the fame ap.
pearance, not diffcring effonsially, is given in Art. 4. '




172 On the Aurora Borealis.

‘It fhould, however, be obferved, that this phenomenon ia
to be underftood as general, rather than wniverfal; becaufe
the horizontal lights, and arches, are fometimes interrupted,
which caufes the anrora to be feen occafionally almoft wholly
to the eaft or welt af the magnetic meridian 3 but on all fuch
occafions I have obferved the inclination of the leams invaw
riably the fame, in the fame quarier of the heavens, as far
as the eye could judge.———1In fu&k, if the horimontal lights,
&c. were not interrupted, the zone of light muft quite fur.

‘round the northern parts of the carth, at every appearance,
‘which we are pretty certain ie feldom, if ever, the cafe.

PHENOMENON 1II.

That point in the heavens to which the beams
of the aurora appear to converge at any place,
is the fame as that to which the fouth pole of
the dipping-needle points at that place.

*Granting the truth of the two preceding phenomena, it
follows, that the point of convergency muft be in the mag-
netic meridian ; and this point, from the beit obfervations I
can make, is between 70 and 75° from the fouth ; which
agrees with the obfervations at chrwicl' and it appears that
the dipping-needle in England points to that part.—My notes
upon the aurore for 4 ov 5 years paft ftate the point of con-
vergency to the fouth of the zenith, when a crown was
formed, and I believe the remark hag been generally made,
wherever the appearance was feen and attended to.—Kircher
obferved the point 29° fouth of the zenith, at Berlin.

In fupport of the two laft phenomena I might alfo quote
the ingenious #manuenfis. whom I havé mentioned in the ine
troduttion to this cflay ; he fays, ¢ that the lucid columng,
« or yadiating flathes of the aurora lerealis almoft always
« fhoot off from thc north to the fouth, correfpondmg in a

“ greap,
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« great meafure to the magoetic. meridian. And I have
¢ conltaptly obferved?” (adds he) ¢ the ¢prona, concourle,
€ or conceutration, if I may fo call it, of thefe Jucid rays
% near the wenith, fo much to the ealt of it as anfwered
* nearly to the weftern declination of the common magnetie
* needle,—~and | think I aever ghlerved the serowe to the
¢ weltward of it.

PHENOMENON IV.

The beams appear to rife above each other in
fucceflion, fo that of any two beams that which
has the higher bafe has the higher fummit alfo,
or its fummit nearer the point of concourfe;
the angle {ubtended by the length of each beam
is not the fame, it being greateft.about half way

“from the horizon to the zenith, and lefs above
and below ; allo the beams to the fouth fubtend
lefs angles than thofe to the north, having the
fame altitude.—The greatelt angle to the north
feems to be about 25 or 30%; and that to the
fouth 15 or 20°.

PHENOMBNON V.

Every beam appears broadeft at or near the
bafe or bottom, and to grow narrower as it
afcends, in fuch fort that the continuation of its
bounding lines would meet in the common cen-
tre to which the beams tend; yet the fummit of
the beam is not flat, but pointed.—The higheft
beams fecm about 3° broad, and the loweft 1°.

The
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. The two laft phenomeng are the refult of my own obfer-

vations chiefly ; but there is fome difficulty and uncertainty

in meafuring the angles fubtended by the lower beams, by -
reafon of their being one behind another; it muft thercfore

be left to future obfervations to determine more accurately

the angles' under which the beams appear in different parts

of the hemifphere.

—

SECTION THIRD.

Propofisions concerning the Aurora Borealis.

PROPOSITION I.

, THE luminous beams of the aurora borealis,
are cylindrical, and’ parallel to each other, at
leaft over a moderate extent of country.

-The beams muft-be parallel to each other, from Corol. to
Prop. 2, and Corol. 2, Prop. 1, Se&. 1; and from Phenom.
1. Hence, and from Prop. 2, ‘Seét. 1, and Phenom. 5.'
they are cylindrical.

PROPOSITION II.

The cylindrical beams .of the aurora borealis
are all magnetic, and parallel to the dipping-needle
at the places over which they appear.

From the Corol. to Prop. 2, Seét. 1, and Phenom. 3, it
follows, that the beams are parallel to the dipping-needle 3
and as the beams are fwimming in a fluid of equal denfity
with themfelves, they are in the fame predicamént as a mag-
actic bar, or needle, fwimming in a fuid o(f the fame fpecifis

gravity
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grawty with itle)f; but this Jalt will only reft in cgml:brm
when in the dire@ion of the dipping-needle, owing to what is
ealled the earih’s magnetifin; and as the former alfo.refts in
that pofition only, the effefts being fimilar, we muft, by the

‘rules of philofophizing, aferibe them to the fame caufe.w

Heunce, then it follows, that THE AURORA BOREALIS 13 &
MAGNETIC PHENOMENON, AND IT8 BEAMS ARE GOVERNES

BY THE EARTH'S MAGNETIsM¥,

PROPOSITION III.

The height of the rainbow Jike arches of the

aurora, above the earth’s furface, is about 150

Englifh miles.

This appears from the calculation made from the obferva.
tions on the 15th of February, 1793,—but other obfervations
ought to be made at more diftant places, to afcertain the
height with more precifion, Poflibly the height may be
different at different timest.

PRO~

% 1 am aware that an objeétion may be ftated to this ;...If the beams
Be fwimming in a Auid of equal denfity, it will be faid they ought to be |
drawn down by the a@ion of the earth’s magnetifm. Upon this I may
obferve, that it is xiot my bufinefs to fhew why this is not the cafc, becaufe
I propofe the magnetifim of the beams as a thing demonftrable, and not as
an hypothefis. We are'not to deny the caufe of gravity, becaufe we cannot
fhew how the effedt js produced.---May not the difficulty be leflened by
fuppofing the Leams of /efs denfity than the furrounding Huid.

 Since wniting the above, X find Mr. Cavendifb has, in' Art. 10 of the’
Philofophical Tranfadtions for 1790, calculated the height of an arch ob.:

ferved at different places, on the a3d of February, 1784, to be betwixt 5

and 71 miles..--But, with deference, T would remark, that the obfervations
above mentioned appear to me better circumflanced than thofe upon
which his calculation is founded, and thercfore the refuls of them more v
» tehcd upon.
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PROPOSITION 1V,

The beams of the aurora are fimilar and equal
in their real dimenfions to one another. -

This is not capable of ftri@ demontftration, for want of
more exa& obfervations ; it is, however, rendered extremely
probable from Prop. 3 and g, Set. 1, and Phenom. 4 and 5%
—Indeed the phenomena are almoft xrrcconcnleablc to any
other {uppofition.

PROPOSITION V.

The diftance of the beams of the aurora from
the earth’s furface, is equal to the length of the
beams, nearly.

Allowing the truth of the laft propofition, and comparing
Prop. §, Se&. 5, with Phenom. 4, we fhall find the pheno-
menon to agree belt with the {uppofition of the cquahty of
the diftance and length of the beams,

We have here fubjoined the refult of a calculation of the-
angles fubtended by the beams, on three different fuppofi-
tions, namely, 1ft, when the length of the beams is equal to
their ‘diftance from the earth; 2d, when the length is but
half that diftance s and, 3d, when it is twice the diftance,«
The calculation is eafily made by inverting Prop. 5, Seét. 1,
and fuppofing the point ¢ variable, where we have the ratis
of AD to DF, inftead of the angle DcF given ;. the beams
are fuppofed to be thofe in the plane of the magnetic meri-
dian, both north and fouth of the zenith, and their bales are.
taken at 310°, 20°, $0°% &e. altitude. The angle Fd¢ iy
foppofed 72°.

When accurate obfervations fhall be made, I havc no’
doubt the angles on the 2d fuppofition will be found tog,
little, and thofe on the 3d too great. Anglos
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Angles 1AD : DF s 1 1 14D : DF 31 1 i3(dD:DF 12
Ac D &| Angie Angle | Angle Angle | Angle Angle
ACD. Dcl. DCF.Q;F. DCF. DeF.  DCPF.

10°]10° 30 8%2797 §°14 3°z2520°51 15°2%
20 |[19-32 13 410 7 7 1635 2 21 27
30 {24 §2 14 12(13 42 8 22|40 10 21 33
40 26 34 12 5015 33 7 56[39 46 18 27
30 (25 36 9 4815 43 6 16|36 27 13 36
6o (22 48 5 4314 32 3 4531 23 7 45
70 (18 ‘53 1 12 21 O 40|25 26 I 20
8o (14 1§ 9 28 18 58

9o | 9 14 6 11 12 18

100 |4 4 z_44 5 24

Scholium. Tt is very probable the rainbow-like arches are
either at the top or hottom of the deams, and I am inclined
to think they arc at the top, not only becaufe their light is
faint, but becaufe the beams fhould be feen at a much greater
diftance than it {eems they ave, if they were 300 miles high,
or twice the height of the arches; and the obfervations on
the goth of March, 1793, feem to confirm the opinion of
the bafes of the beams being 60 or 70 miles high, or about
half the height of the arches.

If the fummits of the beams be 150 miles high, their
bafes will, according to this propofition, be 75 miles high,
and the whole length of the beams about 75 miles, or, more
nearly, 75 miles x hé%’%%. And if the diamecter of .the
bafe be {5 of the length, each luminous beam will be.a cy-
linder of 74 miles in diameter, and 75 miles long*.

Aa - N.B.

* If 3 'magnet be required to be made of a given quantity .of ftecl, it is
found by experience to anfwer beft when the length is to the breadth as
10to 1 nearly ¢ it'is a remarlible circumftance that the length and breadth
of the magnetic beams of the aurora thould be fo nearly in that ratio.---
Query, if a fluid mafs of magnetic matter, whether claftic or inelaftic; were
fwimming in another fluid of equal denfity, and acted on by arlother inag-
net at a diftance, what form would the magnetic matter affums?  Is it
not probable it would be that of a cylindery of proportional dinienfions to
she beams of the aurora ?
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N. B. An obje@ elevated 75 Englifh miles may be fecn
at the diftance of 10 gcographlcal degrees ; 5 if clevated 150
mnlcs, it may be feen 14°; if goo miles, 20°.

PROPOSITION Vi.

That appearance which we have called the
horizontal /zg/yt, and which is always fituate near
the horizon, is nothing but the blended lights of,
a group of beams, or flafbes, which makes the
appearance of a large luminous zone.

The figure to Prop. 3, Scét. 1, reprefents a feries of
beams fuch as thofe of the aurora, fituate in the plane of the
magnet:c mcndmn, and € the place of obfervation.  And it’
18 provcd in i’rop. 4y Sedl. 1, that the lights of the dxﬁant
beams in that plane will be blended, to a certain clcvatlon,
to the obferver at G, Imagine u feries of planes paxaﬂcl to,
the plane of the magnetic mendmn, with beams ﬁtuatu in,
them likewife ;3 then, from the prmcxpks “of opuce, the
rows of beams in every two of the planes will appear to
approach each other, as the diftance from the ob[uvcr in«
creafes; and when that diftance becomes mdcﬁpxtqugreat;,S
they will all feem to comcnde ; hence the beams will appear
blended, both honmnta]ly and perpendicularly, and will’
confequently conflitute a large zone of denfe light, This
zone muft appear at right angles to the magnetic meridian,
becaufe it is obferved (Phenom. 2.) that when the beams of
the aurora extend over a great part of the hcmlfphcrc, thcy
are always bounded by an arch cioffing the magnetic meri:
dian at right angles.

SECTION
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SECTION FOURTH.

Theory of the Aurora Borealis.

} IN the preceding fettion we have deduced
the nature of the awrora; merely by combining
mathematical principles with the phenomcena;
the conclufions, therefore, are not drawn from
hypothcfis, but from facts, and muft hold, as far
as the falts are well -afcertained, and the prin-
ciples truly applied.—In this {eétion we mean to
propole fomething by way of hypothefis, to ac-
count for thofe phenomena.

The light of the aurora has been accounted
for on three or more different fuppofitions :
1. It has been fuppofed to be a’flame arifing
from a chymical cffervelcence of combullible ex-
halations from the earth. 2. It has been fup-
pofed to be inflammable air, fired by eleftricity.
3. It has been fuppofed elettric light itfelf.

The firft of thefe fuppofitions I pafs by, as
utterly inadequate to account for the phenomena,
The fecond is prefled with a great difliculty how
to account for the exiftence of f#rata of inflam-
mable air in the atmofphere, fince it appears
that the different elaftic fluids, intimately mix
with each other; and even admitting the exift-
ence of thefe ffrata, it feems unneceflary to in-

- Aaa troduce
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‘troduce them in the cafe, becaufe we know that
difcharges of the eleétric fluid in the atmofphere
do exhibit light, from the phenomenon of light-
ning.—From thefe,.and other reafons, fome of
which fhall be mentioned hereafter, 1 confider it
almolt beyond doubt that the /ight of the aurora
borealis, as well as that of fulling ftars and the
larger meteors, is eleltric light Iolcly, and that
there is nothing of combulftion in any of thefe
phenomena.

Air, and all elaftic fluids, are reckoned a.
mong(t the non-conductors of eledtricity. There
feems, however, a difference amongft them in
this refpett; dry air is known to condué& worfe
than moift air, or air faturated with' vapour.
Thunder ufually takes place in fummer, and at
fuch times as the air is highly charged with va-
pour ; when it happens in winter, the barometer
is low, and confequently, according to our the.
ory of the variation of the barometer, there is
then much vapourized air: from all which it
feems probable, that air highly vapourized bea
comes an imperfeét conduétor, and, of courfe,
a difcharge made along a f#ratum of it, will ex.
hibit light, which T fuppofe to be the general cafe
of thunder and lightning.

Now, from the conclufions in the preceding
fe€tions, we are under the neceflity of confidering
the beams of the aurora borealis of a ferruginous

nature,
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nature, becaufe nothing elfe is known to be
magnetic, and confequently, that there exifts in
the higher regions of the atmofphere an elaftic’
fluid partaking of the propertics of iron, or ra-.
ther of magnctic ficel, and that this fluid, doubt-
lefs from its magnetic property, affumes the form
of cylindric beams.—It fhould feem too, that
the rainbow-like arches are a fort of rings of the
fame fluid, which encompalfs the earth’s northern
magnetic pole, like as the parallels of latitude de
the other poles; and that the beams are ar-
ranged in equidiftant rows round the fame pole.
At firft view, indeed, it feems incompatible with
the known laws of magnetifm, that a quantity of -
magnetic matter thould aflume the form of fuch
rings, by virtue of its magnetifin; but it may
take place in one cafe at leaft, if we fuppofe
the rings fituate in the middle, between two
rows of beams, fo that the attra@ion on each
fide may be equal. As for the beams, in their
natural ftate, when not. afted upon by caufes
hereafter to be mentioned, they muft all be
guided by the earth’s magnetifm (I mean the
caufe that guides the needle, whether it is in the
earth or air 1 know not), and confequently all
have their north poles downward; but whether
any two neighbouring beams have the poles of
the fame denomination, or of different denomi-
nations, alting upon ecach other, ftill the effe&t
will be the fame, and their mutual a@ion upon
each other not difturb their parallelifm, nor the

pofition
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pofition of the rings; becawfe; whether the poles
mutually attract or repel each other, is of no
moment in this cafe, and the attra@ion of each
pole is alike upon the rings.

Things being thus ftated, I moreover fuppofe;
that this elaftic fluid of magnetic matter is, like
vapourized air, an imperfect conduétor of cletiri~
city; and that when the equilibrium of eleétricity
in the higher regions of the atmofphere is dif-
turbed, 1 conceive that it.takes thefe beams and
rings as condultors, and runs along from one
quarter of the heavens to another, exhibiting
all the phenomena of the aurora borealis.—'1he
reafon why the diffufe flathes fucceed the more
intenfe light of the beams is, 1 conceive, becaufe
the clefricity difperfes the beains in fome de-
gree, which collet.again after the ele@ric cir-
culation ceafes.

Many of my readers, I make no doubt, will
be furprifed to find, after having formed a con-
ception that the relation betwixt the aurora and
magnetifm was to be explained. and demon-
ftrated, chiefly if not folely, from the obferva-"
tions on the difturbance of the needle during
the aurora, that no mention or ufe whatever is
made of thofe obfervations, in the preceding
feGions. In fa&, the relation above mentioned
is demonftrable without any refcrencc to them ;
notwithftanding which, they not only corrobo-

rate
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rate the proof of it, but almoft cftablifh the truth
of the hypothefis we are here advancjng.

The variations of the needle during the aurora,
as may be feenin the obfervations, are fo exceed.,
ingly irregular, that after confidering them a
while, one would conclude this is the only fack
- afcertained by thefe. obfervations. However, L
think we may deduce the following :

1. When the aurora appears to rife. only.
about 5, 10, or 15° above the- horizon, the
dilfturbance of the needle is very. little, andi
often infenfible.

2. When it rifes: up to. the zenith, and . paffes;
it, there never. fails to be a,confiderable: difturbe..
ance,

3. This difturbance: confifts. in- ap; irregular,
ofcillation of the, horizontal needley fometimes;
to the eafltward, and then to the weftward of the.
mean daily pofition, in fuch fort.that the greateft.
excurfions on each fide are nearly. equal, and.
amount to -about half a-degree each, in this gp!acc.

4s When. the. aurora.ceafes, or foon after, the.
ngedle, returns to its former ftation..

Now, from thefe falls.alone, independent of:
what is contained in..the, preceding, fetions, I.
think
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think we cannot avoid mfcrrmg, that there is
fomethmg magnetic conflantly in the higher re-
glons of the atmofphere, that has a fhare at leaft
in guiding the needle; and that the fluGtuations
of the needle durmg the aurora are occafioned
by fome mutations. that then take place in this
magnctlc matter in the incumbent atmofphere ;
for, it is 'certainly improbable, if not abfurd, to
fuppofe that the aurora produces this magnctlc
‘matter, at its commencement, and defroys i
at its termination. Moreover, abfiraéting from
a chymical folution of the metal, nothing is
known to affeét the magnetifm of feel, but hear
‘and elediricity ; heat weakens, or deftroys it;
cle@ricity does more, it fometimes changes the
pole of one denomination to that of another, or
inverts the magnetifm. ~Hence, we are obliged
to have recourfe to one of thefe two agents, in
accounting for the mutatious above mentioned.
As for heat, we fhould find it difficult, 1 believe,
to affign a reafon for fuch fudden and irregular
produttions of it in the higher regions of the
atmofphere, without'introducing ele@ricity as an
agert in thofe produétions; but rather than
make fuch a [uppofition, it would be more phi-
Jlofophical to fuppofe eleéricity to produce the
effe& on the magnetic matter immediately. Hence
then were we obliged to form an bypothefis of
the aurora borealis, without any other fadts re-
lative to it than the four above mentioned, we
ought to fuppofe it a_phenomenon produced in-
fome
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manner by the united agency of magnetifm and
cle@ricity.

It appears then, that the difturbance of the
needle during an aurora equally countenances
the conclufions drawn in the laft fetion, and
the hypothefis adopted in this; and it may be
accounted for on the hypothefis, as follows.

The beams of the aurora, being magnetic,
will have their magnetifm weakened, deftroyved,
or inverted, pro tempore, by the feveral eletric
fhocks they receive during an auwrora; or per-
haps the temporary difperfion and diffufion of
the magnetic matter thereby, may confiderably
alter its influence ; when, therefore, the altera-
tions on cach fide of the magnetic meridian do.
not balance each other, the confequence will be
a difturbance of the needle*.

Bb ‘ In

* T conceive that a beam may have its magnetifm in-
verted, and exift {o for a time, becaufe the repulfion, ading
longitudinally upon it, will only impel it in that dire&ion,
and not turn it round; juft as the north pole of a magnet
miay be applied to the north pole of a magnetic needle,
without turning it round, by keeping the magnet exadtly
in the fame line with the needle, aird thus making the needle
a& upon the centre. And I further conceive, that when
the beam is reftored to its natural poi'mon of the north pole
downward, it is effected, not by inverting the beam, wholly
as a beam, (for this is never obferved in an aurora) but by
inverting the conflituent particles,. which may eafily be ad~
mitted of a fluid.
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~In fine, the conclufions in the laft fetion, and
the hypothefis in this, afford a very plaufible
reafon for the appearance of the gurora being fo
much more frequent now than formerly in thefe
parts ; if the earth’s magnetic poles be like the
centres of the aurora, as the phenomena indicate,
it is plain the awrora muft move along' with
them, and appear - or difappear at places, accord-
ing as the magnetic poles approach or recede
from them; and hence it may be prefumed that
the earth’s magnetic pole in the northern hemif-
phere is nearer the welt of Lurope in this century
than it was in the laft or preceding.—The ob-
fervations upon the dip of the needle, however,
if they have been accurately made, feem to in-
dicate the approach of the magnetic pole to have
been very little ; the dip at London, according to
Mr. -Cawvallo, was 71° 50° in 1576, and #2° 3°
in 1775 ; but there is reafon to fufpeét the ac-
curacy of the inftruments at fo early a period as
1576; befides, we do not know in what pro.
portion the dip of the needle keeps pace with
the approach of the pole.

It may perhaps be neceﬂ'ary here, before the
fubjc& is difmifled, to caution my readers not to
form an idea that the elaftic fluid of magnetic
matier, which | have all along conceived to
exift in the higher regions of the atmofphere,
is the fame thing as the magnetic fluid or ef-
Auvia of moft writers on the fubjet of mag-

netifm. -
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petifin. This laft they confider as the efficient
caule of all the magnetic phenomena; but it is
a mere hypothefis, and the exiftence of. the
effluvia bhas never been proved My fuid of
magnetic matter is, like magnetic fteel, a fub-
ftance poflcifed of the properties of magnetifm,
or, if thefe writers pleafe, a fubftance capable of
being atted upon by the magnetic ¢ffuvia, and
not the magnetic ¢ffuvia themfelves.

Whether any of the various kinds of air, or
elaftic vapour, we are acquainted with, is mag-
netic, 1 know not, but hope philofophers will
avail themfelves of thefe hints to make a trial
of them.

SECTION FIFTH.

An inveftigation of the fuppofed effe@t of the Moon
in producing the Aurora Borealis*,

SOME time after the author began his ob-
fervations on the aurora borealis, it occurred to
him that the phenomenon had more frequently
happened about the change of the moon than at

Bb2 any
% An effay on this fubjeét was firlt publifhed by the au-

thor in the beginning of 1789, in Mr. Davifon’s Mathematical
and Philofophical Repyfitary.
L T8
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any other time ; this produced the fufpicion that
the wrial tides occafioned by the moon might
have {ome influence upon it. Granting this to
be the cafe, it was obvious, the full moon muft
have an equal fhare with the new, though the
phenomenon may often be then invifible, owing
to the light of the moon. Having now an
enlarged lift of obfervations, we fhall refume the
fubjeét afreth, and examine what countenance
the obfervations give to the {uppofition.

In the lift of obfervations we have placed the
moon’s age, both with refpeét to change and
full; collating, therefore, the whole number of
obfervations to each particular number expref-
fing the age, we fhall have the following feries :

Days paft change '
and full. }0 2 ‘3 4 5 6 7

No. of obfervations. 14 25 21 20 19 20 I§ 2I
Days pait change] ~

 amdfal, 08 9 1o 11 12 13 14
No.of obfervations, 18 23 15 6 10 13 O

(12)

As the lunar revolution is completed in 29} days
nearly, one half of a lunation is'144 days; hence
the obfervations under 14 do not ftand the fame
chance as the reft, there being only 3 of the
number of periods that have a day correfponding
to this number: the number of obfervations
under it ought therefore to be increafed in the
ratio
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ratio of ¥ to 1, or be 12 inftead of g, in order
to make a fair divifion of the terms of the feries.
Now the fpring tides will fall almoft wholly in
the firlt half of this period, and the neap tides
in the laft; dividing the terms of the feries,
thersfore, into two equal portions, taking half
of the odd intermediate one to cach, the fumg
of the portions are as under.

Spring tides.  Neap tides.
No. of aurere. 1444 1074
Ratio 4 : 3, nearly, which
is favourable to the fuppofition,

It may be objelted, that as the latter divifion
contains the whole of the fecond quarter of the
moon, when its light is ftrong, and when it is
above the horizon all the time there is to obferve
the aurora, the phenomenon is not noticed as
often as it takes place in that quarter.—This
may be right, but it fhould be obferved, that the
laft quarter of the moon, which is wholly exempt
from this objeétion, falls in the fame divifion;’
and both the firft and third quarters, conftituting
the other divifion, are in part liable to the fame
objeétion.

‘However, in order to determine whether this’
objeétion is of fuch import as to counterbalance
the apparent conclufion contained above, it may
be proper to find and compare the number of -

, obfervations
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ebfervations in the firft and laft quarters only.—
This being done, on the principle above ufed
the numbers ftand,

- Firft quarter, or fpring tides, . Laft quartcf, or neap tides.
034 81.

From which it appears the phenomenon is ob-
ferved more frequently in the firft quarter of the
‘moon, though liable in part to the above ob-
je&tion, than in the laft quarter, which is wholly
free from it.

Prefuming then from what is done above, that
thofe . .periods of the lunar months, when the
higher tides are in the air, are moft fubje@ to
the phenomenon in queftion, it fhould be ex-
peted, that thofe times of the day when fuch
tides are in the atmofphere, fhould likewife be .
more fubjet to it than others. Now the fpring
tides in the afternoon always happen in the in-
terval from 2 to 8 o’clock; confequently, the
opportunity of making obfervations upon the
phenomenon in this interval will often occur in
in winter, and never in fummer, owing to.the
twilight.—It fhould feem then, that the winter
obfervations ought to favour the hypothefis more
than the fummer ones.—In fa, we find this the
cafe. The obfervations in the months of No.
vember; December, and January, being arranged
and fummed up as abeve, give,

Spring
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Spring. | Neap.

405 244,

And thofe in the months of May, June, July,
and Auguﬁ give,

Spring. Neap.

255 243,

As the tides are higher in fpring and autumn
than in fuminer and winter, the phenomenon
ought, according to hypothefis, to occur more
frequently in the two former feafons than in the
two latter. The number of obfervanons in the
different months ftand thus:

Jan. Feb. Mar. Aprl May Junc July Aug. Sep. O&. Nov. Dec,
18 18 26 32 21 5 2z 21 23 36 38 g.°

The {inall number in June and July is undoubt.
edly owing in great part to the twilight; but
the deficiency in December, January, and Fe-
bruary, cannot be owing to the fame caufe.

Upon the whole, T think it is not improbable
that the agitations caufed by the moon in the
very high regions of the atmofphere, which we
may fuppofe are not much agitated by the tem-.
pelts in the lower regions, may have fome effe@
upon the phenomenon in queftion; and the fup-
pofition is evidently countenanced by the feveral
facks ftated above.

, SECTION
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SECTION SIXTH.

An invefligation of the ¢ffeét of the Aurora Borealis
on the Weather fucceeding it.

VARIOUS have been the conjectures on this
fubjeét offered to the confideration of the public:
fome aflert that the surora has no fenfible effe&t
upon the weather; others that it is very fre-
quently followed by rain foon after.

In the American Philofophical Tranfa&ions,
we find it obferved that the barometer falls after
an aurora.

Having a large numbeér of obfervations on the
aurora; together with thofe on the barometer
and rain, we are prepared to examine thefe opi-
nions, and we do it the rather Becaufe if any
thing can be afcertained on this head, it muft be
regarded as a valuable difcovery, confidering the

~prefent very imperfe@ ftate of meteorological
prognoftication.

Since the fpring of 1787 there have been 227 -
eurore obferved at Kendal and Kefwick ; 88 of
the next fucceeding days were wet, and 139 fair,
at Kendal; now, in the account of rain, the
mean yeéarly number of wet days there is ftated.
at 217, and of courfe the fair days are 148;
hence the chances of any one day, taken at ran.

dom,
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dom, bemg wet or fair, are as thefe numbers,
But it appears the propomon of fair days to wet
ones fucceeding the aurore, is much greater than
this general ratio of fair days to wet ones; the
mfcwnce therefore is, that the appcarance of the
ezztrom borealis'is a progno(hcatmn of fair weather.

" The only objeétion to this inference which ace
curs to us as worth notice is, that the aurora
bemg from its nature only vifible in a clear at.
mofphcrc, this circumfance of itfelf is fufficicnt,
to calt the fcale in favour of the {ucceeding day
being fair, without conﬁdcrmg the aurora as
having any influence either directly or mdlrc&ly.
——-lhls ob]céhon has undoubtcdly fome weight;
but upon exammmmg the obfervations, it appears
that the anrera not only favours the next day,
b(xt indicates that a feries of days to the number,
of 10 or 12, are more likely to be all fair, than
they’ would be without this circumfance.

Of 22y obfervations, 139 were followed by 1
or more fair days, 100 by 2 or more &c. as under.

1.3 3 4 5 6 7 8 9 10 11t 12

A !

139 100 69 §2 38 g6 21 16 10 6 2 I

Accordmg to the laws of chance, the proba.
blinty of any number of fucceflive fair days is
found by raifing ¢ to the power, whofe index
is the propofed number of fair days ;. thefe pro-

babilitics being multiplied by 227 will give what
. Cc the
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the above feries ought to have been; if the au-
rora had no influence; it is as under.

r 33 4
9z 38 15 6

» -

6
1

From which it appears, there fhonld not have
been more than 1 aurora out of 224 followed
by 6 fair days, and yet in falt there were 303
whence the inference above made is confirmed.

As for the different feafons of the year, I find
the aurora is more frequently followed by fair
wecather in fummer than in winter; but the dife.
tinétion is not very confiderable.

It may be obferved that the' largeft and moft
fplendid appearances of the aurora, as they ufu-
ally happen in rainy and unfettled wcather they
are frequently fucceeded by 1 or more wet days;
but I do not find any of thofe very remarkable
ones which happened on a fair day, was fuc-
cceded by a wet one,

- Upon examination of the efle& of the aurore
upon the barometer, 1 find, that fince the 1gth
of September, 1787, there have been 219 obfer-

“vations, and that in 120 of thefe inftances the
barometer was rifen next morning, and fallen in
99.~=This circumftance, therefore, corroborates
the inference before made, that the aurora 1s 3
fign of fzur weather,

General



( ves5)

Ceneral Rules and Obfervations far Judging
.of the Weather,

OTWITHSTANDING we have departed

pretty much from our original defign of
expatiating on this fubjeét, we think it may not
be amifs to colle& fome of the facts and obfcrva.
tions that are diffufed through the work, which
relate more immediately to the fubjed, and to
add thereto a few more obliervations.

The barometer is higheft of all during a
long froft, and generally rifes with a NE. wind 3
it is loweft of all during a thaw following a long
froft, and is often brought down by a SW. wind.
Sce page 112.

2. When the barometer is ncar the high ex.
treme for the feafon of the year, there is very
litle probability of immediate rain. Sec page 151,

3. When the barometer is low for the [ralon,
there is feldom a great weight of rain, though a
fair day in fuch a cafe is rare. Sec page 150.
The general tenor of the weather at fuch rimes
is, fhort, heavy, and fudden fhowers, with fqualls
of wind from the SW. W. or NW.

4. In fummer, after a long continuance of fair
weather, with the barometer high, it gencrally
falls gradually, and for one, two, or more days,

bafore there is much appearance of rain,—If the
Cea fall
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fall be fudden and great for the feafon, it will
probably be followed by thunder.

§. When the appearances of the fky are very
promlﬁng for fair, and the barometer at the fame
tlmc low, it may be dcpcnded upon the appears
ances will not continue fo long. The face of the
tky changes very fuddenly on fuch occaﬁons. ‘

6. Vcry dark and denfe clouds pafs over WItb-

out rain when the barometer is high; whereas,

when the barometer is low, it fometimes raing
almolt wnthout any appcarance of clouds.

7. All appearances being the fame, the higher
the barometer is, the greater the probablllty of’
falr wcather.

8T bundcr is almoft always preceded by hot
weather, and followed by cold and fhowery
_Weatht:r.

9. A fudden and extreme change of temperaa
ture of the atmofphcrc, cither from heat to cold

or cold to heat, is gcncrally followcd by rau& ‘
within 24 hours, !

10. In winter, during a froft, if it begm to,”
fnow, the temperature of the air generally rifes’
t6 329, and continues there whillt the fnow falls;
after which, if the weather clear uf, expe fe-
vere cold.

vt The aurora borealis is a prognofhc of faic
weather.  See Lﬂa.y 8, Set. 6.

Appendm, '
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Appendis, containing additional Notes, ke, on
differont parts of the Work,

raeE 8.

THE heighy of Kendal above the fea was fop

down 235 yards, by eftimation only; I have
fince found, by levelling with the barometer
that Stramongate bridge, at Kendal, i3 46 yards
above Levens bridge, to which the tide flows;
though it feems the furvey for the intended canal
makes the height lefs: 1 am not aware of any
mrcumﬁance that could lead me into an error.

Mt. Crofthwaite has lately determined, by law
velling with a very good theodolite, that Baffena
thwaite-lake is 70 yards above the. level of the
fga, and that Derwent-lake, which is 10 yards
below his barometer, is 76 yards above the level
of the fea; I make the laft mentioned lake 81,
yards abovc the level of the fea, from bargmc-
trical obfervations; but if I have madc an, error
by determining Kendal s yards too high, the re.
fults of our oblervations. will bc reconciled ®

Page

* The height of the fol)nwmg places above the level.of,

the fea have been ducxmlmd as under; the obfcrvatmna&

with the barometer were made by myfelf, and thofe with
the theodolite by Mr. Croflbawaite.

From barom., obfy From the, theodohu.
Windermere lnke « - « - z6 Y“"dsq , + ey
D"mmmz/ .raife, barrow of ftongs '
“in the boundary ()fLumber } 245 —— 275,
land and We _/imorland Lo
Leatbes loke.. P ] e 183,

.
s
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_ Page 29.~The greateft heat experienced for
the laft g years, at Kendal, was on the 1ft of Au-
gult 1792; but the beat of the prefent year, 175 93,
exceeded ; the thermometer in the fhade was 83°%
on the 11th, and 84; on the 1 5th of July.

‘Page 39.—There is a great difcordance in the
height of Skiddaw, as determined by the obfer~
vations of different perfons; 1 have remarked
that Mr. Croffbwaite made it 10350 yards above
Derwent lake, 1 find fince that Mr. Donald made
it 10go yards above the fea, and 958 above
Baffenthwaite lake. Mr. C-offbwaite, by a later
admealurement, determines its height 1ooo yards

“above Derwent lake.~On the :6th of Auguft,
1793, 1 attempted its height by the barometer,
for which purpofe the following obfervations
were made.

At zhgom P. M. the barometer upon the fummit

of Skiddaw, when the proper allowance fur the

rife of the mercury in the refervoir was made,

floodat - - « - & . . .o . 2679|nche3.
Mcr. Crofbwaite’s barometer at Kefwick, allowing

for the {mall difference of the barometers when

together, at the {ame time, food at - - 20.71§ew,
A detached thermometer above was, in the thadey - 46%
A detached thermometer below was, in the fhade, - Go®.

Now,

.My obfervations were taken both in going to and returns
ing from Kefwick, and compared with nearly cotemporary
ebfcreations at Kendal and Kefwick ; at the former time the
air was dry, and at the latter moift: the elevations were
found fomething lefs by the later obfervations, but the dif-

fesanse was only 3 yarde in Leasbes lake and g in Dunmail-raife.
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Now, by applying the theorem at page 81, we
find the clevation of the upper barometer above the
lower 9454 yards; whence, adding 10§ yards, we
get the height of Skiddaw above Derwent lake =2
956} yards, and its height above the fea comes
out 1034; yards.—1lt had been a good deal of
rain on the morning of that day, and the clouds
were juft broken off at the time of the obferva-
tions, the air remaining ftill very foft; from

which circumftance 1 am inclined to thmk that
the height above determined is rather too little §
for | have found by repeated aobfervations upon.a
hill 310 yards high, rhat the heights are found lefs
by the theorem as the air is fofter, cateris paribus:.
1 think therefore we may conclude Skiddaw to be
nearly 1000 yards above Derwent Joke, agreeable
to Mr. Crofthwaite’s laft mcafurment till its height
can be more exatly afcertained by a repetition of

obfervations *, ;
— AFTER

» Mr Cry, _ﬂb-wmia makes the height of Lamg, another
mountain in the neighbourhood of Kefwicd, to to be 319
yarde abave Deravent lake : by oblervations on the barometer
the above mentivned day, I found its height 313 yards,
which, for the rcafon affigned above, is probably too little,

Helvellyn is a moustain clofe by the road leading from
Kendal to Kefovick, about 8 miles from the latter place; it
hds always juitly beea confidered higher than Skiddaw. Op
the 27th of Augull I made the followmg obfervations te
determine its height.

At 1h qom P. M. baromncter at the fammit, correfled as above, a6 69;

Barometer below, 10 yards above ! earbes lokay’ - - . . . 2g.30.
A detached thermometer at the fummit was ¢ o« o o« « » 42°0
A detached shermopes hdﬂ! WM o & s w0 0o v s 5.

Fiom
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- APTER 1 fad obferved the' gurdra borealis to
tt difturb the necdle o greatly, as is related inl
thie addenda to the obfervations on that head, I
Conje&’ured a priori, that thunder-florms would'
do the fame’; accordinigly, 1 watched' the necdle
for a COnﬁdemblc time durmg the only thunder-
ftorm we had at’ Kendal in the fummer of 1793,
hamely, on the eVCnmg of the 3d of Augult;
But, far from perceiving any unufual fluGuation,
Y could’ not, difcover the' needle was perceptibly
diturbed’ all’ the wh:k, and i 1t contmued at the'
ﬁme ftation the next morning:

On the '/?[zte af’-n}pm in the Atmofphere, ¢~
See ])age 134, and following.

AFTER maling fome experiments upon the-
eEc&s of the condenfation of atmofpheric air, in-
a glafs scﬁ'cl by means of a f{yringe, from which-
1 find that repeated condenfation produces a de.
pofition of water upon the infide of the glafs,

and repeated rarefalion removes the fame s alfo,
. having"

From which thé elevation of the upper barometer above the
Jower comés out 869} yards; to which adding 171 and 10,
. we get the ‘height of Helvellyn above the fea = 1050% yardl.
But it fhould be obferved the ftate of the air was ftill more™
maiflt than when 1 was upon Skiddaw, and the obfervation-at
top was 1aken during a fhower; from which it is probable’
the height of Helvellyn above the fea is nearly 1100 yards:
Mr. Donald makes it 1108 above the fea,—~About 200 yards
.below the fummit there is-a very fine fpnng, from whicha’
Alargc fiream of water defcends all the year round w1th httlc
variation in quanmy at the differ&nt Tealdus, as’ my gmée ins
-fomsied me 3 its temperature I found to be 38°,
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having made fome experiments upon the effeét
of heat on water thrown into the wacuum of a
common barometer, which tend to confirm thofe
the refule of which is given at page 134,—I am
confirmed in the opinion, that the wapour of wa-
ter (and probably of moft other liquids* ) exifts at
all times in the atmofphere, and is capable of bearing
any known degree of cold without a total condenfa-
tion, and that the vapour [o exifting is one and the
JSame thing with team, or vapour of the temperature.
of.212° or upwards. 'The idea, therefore, that
vapour cannot exift in the open atmofphere
under the temperature of 212°, unlefs chymi.
cally combined therewith, I confider as errone
ous; it has taken its rife from a {uppofition that
«ir prefling upon wapour condenfes the vapour
equally with wapour prefling upon wvapour, a fup-
pofition we have no right to affume, and which
I apprehend will plainly appear to be contradic-
tory to reafon, and unwarranted by faéts ; for,
when a partlclc ‘of vapour exifts between two
particles of air, let their equal and oppolfite pref-
fures upon it be what they may, they cannot
bring it nearer to another particle of vapour,
without which no condenfation can take place,
all other circumftances being the fame; and it has.
never been proved that the vapour in a receiver
from which the air has been exhaulted is pre-
cipitated upon the admiflion of perfc&ly dry air.
Hence, then, we ought to conclude, till the con-
Dd ‘ trary

* Dr, Prigfiley obferves in the fifth volume of bis Experi-

ments, page 22§5,'that quickfilver evaporates not only in vacus
but when expofed to the atmofphere.
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trary can be proved, that the condenfation of va-
pour expofed to the common air, docs not in any
manncr depend upon the preffure of the air.

All the faéts, howcver, confpire to prove that
the temperature of the air bears a relation to the
condenfation of vapour; thus, the utmoft force

which vapour of 212° can exert, is equivalent
to-the weight of 30 inches of mercury, and any
greater force than this, a&ing upon vapour alone
of that temperature, will condenfe the whole into
water ; and, if the temperature be lefs, then the
utmoflt force or fpring of vapour is lefs, as is in-
dicated by the table in page 134 ; and no doubt
as the utmoft force decreafes, the utmoft denfity
will decreafe alfo, though probably not in the fame
ratio. Hence, then, atmofpheric air, faturated
with vapour, is fuch wherein the vapour, confi-
dered abftradtedly from the air in which it is
diffufed, is at its utmoft denfity for the tempera-
turc; in {uch cafe, if a quantity of atmofpheric
air, and vapour be taken, and mechanically con-
denfed, a portion of the vapour will be condenfed
into water, and give off heat; on the contrary,
if it be expanded, or, which amounts to the
fame thing, if a quantity be taken out of a re-
ceiver, the remainder will have its capacity'for
~ vapour increafed, as has been already obferved.

Though the preflure of the air does not pro-
“mote the condenfation of vapour, yet when the
preflure is removed, evaporation is promoted;
for undcr the receiver of an air-pump we find

that
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that the vapour from the wet lcather rifes as faft
as it can be pumpced out, when the rarefaction
has proceeded to a certain degree.

In order the more to illuftrate and confirm
the notion of vapour here laid down. we fhall
now attempt to explain feveral falts, which have
been confidered as involving difficulties, and we
believe fome of them have never been accounted
for by others.

Alexander, in his Experimental Iiffays,
page 102z, informs us, that {rom fome experi-
ments he was induced to think, that blowing
upon the bulb of a thermometer with a pair of
hand-bellows would cool it, but upon trial found
it was always heated 1 or more degrees by'the
operation.—Now, if a thermometer that has jult
been dipped in water of the fame temperature as
the air, be blown with a pair of hand-bellows as
above, it will be cooled feveral degrees.  Thefe
two facts I have proved frequently, from expe-
ment.—Again, Dr.. Darwin (fee the note, page
.136) found that air having been for fome time
condenfed, upon rufhing out againft the bulb of
a thermometer, cooled it fcveral degrees, and a
dew was depofited upon the bulb.

The reafon of thefe apparently difcordant fals
may be explained thus: the condenlation of va.
pour in a pair of hand-bellows will precipitate a
portion of the infuled vapour, which gives off its
heat to the air; and thus the temperature of the

Ddz2 air
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air in the bellows being increafed, that of the
thermometer, expofed to the current, will be
increafed accordingly. In the fecond inftance,
the water on the bulb of the thermometer being -
expofed to the current of air, quickly evapo.
rates, and at the fame time ahforbs the neceffary
heat from the quickfilver. But in the third in-
ftance the heat confequent to the condenfation
was fuffered to efcape, whillt the condenfed va-
pour or water remained-in the air-gun; the air
rufhing out was therefore of the fame tempera-
ture as the furrounding air, and probably a great
“portion of the condenfed vapour remained me-
chanically mixed therewith ; a depofition of wa-
ter upon the bulb of the thermometer was of
courfe unavoidable, and this being refolved inte
vapour by its expofition, reduced the temperature
of the thermometer.

In the Philofophical Tranfaltions for 144y,
there is a very interefling feries of experiments
fhewing the effets of vapour in the receiver of
an air-pump, when the air is exhaufted; the
~experiments were made by Edward Nairney,
F.R.S. upon a pump on Mr. Smeaton’s con
ftrution. He ufed two gages, one of which
was the comunon barometer gage, which was of
courle an accurate meafure of the force or ela-
fticity of the medium of air or vapour within the
receiver; the other, called the pear gage, from
its {hape, confifted of a glafs tube, capacious in
the middle, and ending in a narrow neck, which

wag
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was clofe; the other, or open end, was, by 2
contrivance fer the purpofe, let into a bafon of
mercury before the air from without was fulfered
to enter, and upon its admiflion the quickfilver
was forced into the gage; the fpace occupied by
the air being then compared with the whole ca.
pacity of the gage, gave the rarefaction of the
permanent elaftic fluid or air,~The chief faéts
obferved were the following, -

1. When the pump-plate leather was foaked
in water, and the barrel of the pump well cleared
of moifture, then, after working the pump for
10 minutés, the rarefaltion indicated by the
pear gage was very great, and exceeded what
was obferved in any other circumftance, whilft
that indicated by the barometer gage was often
not 4rth part as great as the other; alfo, it was
obflerved that the rarefaltion by the pear gage
was /gfs every time the experiment was repeated,
but that of the barometer gage was always the
Jfame at the fame time. '

2. Whern the pump-plate leather was foaked
in water mixed with fpirit of wine, the rarefac.
tion by both gages was lefs than in the former
cafe; but the refults in other refpeéts were fimilar.

3 “The effe@s of different temperatures of the
air upon the rarefation were as follow ;

Pump-plate leather hing Joaked in water.
Air in the room 46°—=barometer gage 84—pear gage 20000.
57 : 56 ~ 16000.
Pump-plate
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Pump-plate leaiber being foaked in water mixed wih [pirit of wine.
Air in the room 46°—baromcicr gage 76—pear gage §ooo,
LY - 49 1200.
4. When the leathers of the piffon were foaked
in water, the two gages nearly correfponded ;
but the utmoft rarefaltion in this circumftance
was very finall, being, for inltance,

In one pump - barometer gage 3% pear gage 3>8.
In another pump 34 s 347,

5. When the pump, &c. were dry, the baro-
meter gage was {ometimes lower after working
the pump § minutes, than after the operation
was continued g minutes longer.

6. When the pump and plate were both dry,
and the receiver cemented on to the pump-plate,
the two gages nearly agreed, the rarefaction by
both being about 6oo, in damp weather; but in
dry weather, and in a ftill greater degree when
a quantity of vitriolic acid was in the receiver,
(which was always found to gain weight by fuch
its expofure) the barometer gage indicated a
g‘r'cater ;arefa&ion than the pear gage.

Thefe falts, fome of which the ingenious artift
who made the experiments accounted for, {cem
moft or all of them capable of a fatisfaltory exa
planation upon the theory of vapour we are here
maintaining. —When the pump-plate leather is
foaked in.any liquid, and the preflure is fo far
diminithed that the liquid boils, or turns into
vapour, it is plain the preffure can be no further

diminifhed ;
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diminifhed ; and in fuch cafe, when the pump is
wrought, it muft draw cach time a portion of
the remaining air along with the vapour, and
" thus the air in the recetver admits of a diminu-
tion almolt ad infinitum, and vapour generated
inftantaneoufly fupplics the place of the air with-
drawn ; when air is let in, the vapour in the pear
gage is condenfed, and there remains nothing but
‘the fmall portion of air, with its faturating portion
of vapour, at the top of the gage.—The reafon
why the repetition of the experiment decreafed
the rarefaltion by the pear gage, was, that the
frequent condenfations of air and vapour in the
barrel of the pump muft have produced a depo-
fition of water there, by which the effet was
fooner at its ne plus ultra; for, when the vacuum
of the barrel is not perfe@, the quantity drawn
from the receiver in a given time muft be lefs
than otherwife. I have no doubt if the experi-
ments had been repeated often enough, the lea-
ther of the pifton and the valves would have been
in effeét foaked with water, and the refult as
ftated in the 4th fad&: in this cafe, as foon as the
fpring of the air in the receiver is weakened to a
certain degree, working the pump does not avail,
becaufe the vapour in the barrel, together with
the refitance of the valves, is juft fufficient to
countera& the fpring of the air within; hence
the rarefaGtion by the pear gage is then fcarcely
greater than by the barometer gage.

Experience proves that fpirit of wine rifes
feoncr into vapour than water ; confequently the
rarefaCtion
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rarefafion by the pear gage, when the pump ig
wrought a given time, muft be lefs than when
water is ufed. Alfo, it follows a prieri, that the
cooler the circumambient air, other circum-
ftances being the fame, the greater muft the
rarefalion be by both gages.

When by long pumping a quantity of vapour
is colleted in the barrel of the pump, I con-
ceive a portion of it may, during the operation,
efcape again into the receiver, this will account
for the sth faét.

I do not fee how the 6th faét can be explained
without fuppofing that the elafticity of dry air,
when greatly expanded, decreafes in a greater
‘proportion than its denfity; it is true that the
increafe of cold in ‘the receiver, and the lefs va-
pour there is in the air at firft, the more will the
rarefaltion indicated by the barometer gage ex-
ceed that of the pear gage; for, it cannot be
reafonably fuppofed that when the rarefaltion is
at its utmoft degree, the proportion ot vapour to
Qir in the receiver is no greater than at firlt ; |
conceive, therefore, that the air condenfed in the
pear gage is always faturated with vapour, unlefs
perhaps when the vitriolic acid is in the receiver,
and of courfe its bulk, cateris paribus, greater
than before: but this alone is not fufficient to
account for the obferved differences of the gages.

THE END.:



