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PREFACE.

JHEN T 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 dea
fign was, to c‘cplam the nature of the different
inftruments ufed in metcornlogy, particularly the
barometer and therMometer  As the number
of thefe is increafing daily, many of them. wuft
fall into hands that are much unacquainted with
:theu‘ prmmples, and may therelore not profit by
them in fo great a degree as otherwifej for
~which reafon, a fhort and clear explanation, with
a feries of obfervatigns fetving fyrcher to illu-
ftrate and exemplify the piinciples, and a few
practical rules for judging of thé weather, de-
duced from expericiice, (cemed to me to promife
utility ; whillt the oblervations themfelves would
be an addition to the flock already before the
public, and might perhaps be found fubfervient
to the improvement of the fcience.

- Boo0n after this, having difcovered the relation
of the aurora borealss to magnetifm, in the man.
ner deferibed in the introduttion to that cflay,

a3 1 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 phllofopheré, this néce{farily enlarged
the work, and became a primary conﬁdcrauon,
though the original defign was ftill kept in view;
I concluded afterwards, that the work fhould
confift of two parts, the firft of which was to
contain the fubltance of the original defign,
namely, a brief explanation of the nature of the
inftruments, and a digeft of all the obfervations
I had madé, as matters of fa&t; the fecond was
to contain the effay 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 1 could procure ; however, not having
by me all ‘the books I could have defired, I was
neccflarily, and perhaps luckily, forced to con-
template a good deal on the different fubjects,
and to try fuch 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 meteorology in
particular. ~ ‘I'befe 1 have thrown into the form
of Effays, in which ate alfo. given, fuch ufeful
dxfcoverm and obfervations of others as feemed
neceffary to be known, in order to form a proper
idea of the prefent ftate of the fcience, and of the

improvements that are yet to be made in it.
In
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In the firft part 1 have given not only the
ebfervations made at Kenda/ by myfelf, but alfo,
with his leave, thofe made at Kefwick by Mr.
Croftbwaite, keeper of the mufeum at that place,
together with obfervations on the barometer and
rain, made at London, for three years, taken
from the Philofophical Tranfations. The refults

-of the feveral’ obfervations I have arranged and
‘digefted to the belt of my judgment. The ob-.
fervations on the height of the clouds, and on
the aurora borealis, particulatly the fupplemental
ones, are new, and, | fuppole, in fome refpeéls,
original, having never {een any other of a fimilar
‘nature publithed.’

“In the fecond part, the firlt effay, though it
contains little or nothing new, will be found a
proper introduétion to the fubfequent ones.

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

The. third effay, on the variation of the ba.
rometer, [ fhould fuppofe will be confidered as
having fome merit ; it is new to myfelf, but"as I
am not well read in'the modern produitions on

the
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‘the atmofphere, T cannot fay it will be found en-
tirely fo to-others. It may be proper to oblerve,
that- 1. had not adoptcd the theory of vapour.
which is maintained in the fixth efflay, when the
third was prinited ; but T know of no material
alteration I 'would have made in this' effay, had
it been otherwife.

The fourth and fifth effays are chiefly feleéted
from the publications ‘of others, except that in
the latter I have offered fome new thoughts on
the effe@ of the firuation of countrics upon their
temperature.

In the fixth eflay, among(t other things T have
"advanced a theory of the flate of vapour in the
atmofphere, which, as farias I can difcover, is
entirely new, and will be found, | believe, to
folve all the phenomena of vapour we are ac-
quamtcd with; 1 have attempted to folve fevcral,
particularly in the appendix.

In the feventh effay the relation betwixt the
barometer and rain is inveftigated, from the ob-
fervations in the fitft part; {ome conclufions are
thence obtained in fupport of theory, and from
which feveral ufeful and praélical obfervations
may be deduced.

The eighth eflay is the large one on the
surera berealis, which 1 have divided into ﬁx
fe&xons
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fe&ione; this will .no doubt attra& the attention
of ‘philofophers. The reader. will’ perceive alt
aing, that Lhave fpoken of the difcovery therein
contained as an original oné ; when I wrote the
note at page 158, | had not feen the Abndgmcnf
of the Philofophical Tranfalions of the Royal
Soc1ety ; but [ find from it that the learned and
ingenious Dr. H.zlle_y formed an”hypothefis to
account for-the aurora borealis by magncnfmf
in the Abridginent by 7one;, Vol. 4, part 2, we
find, that the Do&or, after enumerating partl-
culars of feveral' appearances, conjeCtures thatf
thcv are occafioned by the ¢arth’s magnetifin;
"and he endeavours to illuftrate the hypothefis
by placing a terella, or fpherical magnet, with
one of its poles upon an horizontal plane firewed
with fteel filings, which being done, the filings
form various ftraight lined and curvilinear figures,
“according as they are fituate near to or diffant
‘from the inagnetic pole; thefe” he thinks are
analogous to the beams of the awrora burealis.
‘The light of the aurora he is pretty much at a
lofs to account for, as eleCricity was then but.
1mperfe&ly known.——If thefe hints of his had
been purfued by others, the fa& would undoubt-‘
edly before this have been eftablithed, 1hat the
beams of the ‘aurora borealis are governed by the
earth's magnet ifm; but inftead of this, philo.
fophers ‘have amufed themfelves and others
with- formmg various other theories to account.
for the phenomena, moft of which are extrava~

gant,
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gant, not to fay ridiculous, M. Mairan's zodiacal
light not excepted. Notwithftanding what the
learned -Doctor has fuggeflted, I prefume it will
be allowed, that the above mentioned faét has
not 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@ion of the
eflay in queftion, entitled the “theory of the
aurora borealis,” will perhaps be regarded by
many as wild and chimerical ; but the fadts
which 1 havc ‘endeavoured to afcertam, rcfpe&- .;
mg the aurora, will excufe me for a momentary
indulgence of the ideas of a vifionary theorift, if
they be confidered as fuch.

The appendix contains the refult of barome.
trical and orher obfervations to determine the
height of Kendal and Kefwick above the fea,
more exaltly than is ftated in the preliminary
remarks to the obfervations on the barometer;
allo, an account of the hcxghts of fome moun.
tains in the neighbourhood of Kefwick ; it con.
cludes with a farther illuftration of the dofrine
of vapour, and an explanation of fome fafts re.
Jating thereto, particularly thofe obferved in
working the air-pump.

It will be fufficiently evident that I havenoe
bad & fupecrabundant aflitance from: books, im
providing
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providing and. digefting the matter contained'in
the following pages; by an- attentive cénﬁderaaf
tion of fadts | have drawn conelufiors’in fonid.
inftatices’ which had formerly been done; though'
unknown to me-at the' time ;- thefe, howchr,

are fuch as would'have been inferted: had it

been otherwife, and: thercforc the defign of thé
work ‘is ‘not in any manner fraftrated by the
circumftance®. At the faine time I acknowlédge;,
with particular fansfa&xon ‘the tnéndly aid and
affiftince of one or two ‘individuals, in the’ article

of books’; to one perfon more particalarly 1 am

peculiarly indebted, not'only in this tefpect; but-
in many dthers; indeed, if- -there be any thmg

new, and-of i 1mportance to fcience, contained in

this work, it is owing, in great part,’to my hav-’
ing had- thc advantage of his inftruétion” ‘and

‘example’ in philofophical inveftigation.

I_caNNorT help obferving here, that the: fol-
lowing fact appears to be one of the moft remark-
b able

* Since writing the above, I have met with an account of
Mr. De Luc's elaborate work on the madifications of the ate
miofphere, *(vid: the Appeadites to the 4otk and §oth’ vols.
of the Monthly Review) from whichit appears he m'umnm(
lncarly the {ame principles in explaining the variaions. ol the
barometer . L have done; his idea of “wapour: tod fcems not
unlike mxhe ~Itis a favourable circimituace to dny theory,
when it is deduced from ‘u confideration of fa&ts by two
perféns mdependenﬂy of cach other,
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able that. the hiftory of the progrefs of natural
phxlofo@hy cauld farnith.—m—Dr, Halley publithed
in_the Philofophical, Franfa@tions, a theory of
~thc trade.wmds,, wlm.h ‘wag quite inadequate,
zmd mm;xcchamcal as will be fhewn, and yet
the: ﬁnnc has been ahnp& univerfally. adopted ;
atlealt 1 could name: 1cvcra] modern produ&nons
of great rgpute in which it is found, and do not
know,. of one that contains any other. The
fame gentleman pubh!lrcd, through the fame
channel, his thoughts on the caufe of the aurora
,Izorea/u, ag. mentioned above, which. muft then
have appeared, the ‘moft rational of any that
could be fuggefted, and yet | do not find that
any body.has afterwards, noticed it, except Ama-
* nuenfis (fee page 150); On_the .other hand,
G. Hadley, ¥1q. publifhed in a fubfcquem volume
of the faid Tranfations, a rational and fatisfae.
tory explanation of the tiade-winds; but where
‘elfe fhall we find it?

Manchefler, Sep. 21, 1993,

TRRATA

“IN Part firft, the fetions nﬁcr; the. eighth ‘are sumbered wrong; they
_hould be correfted as followu

Page 524 for Sedtion tenrh, read: Seion ninth,
Page 54, for Setion ehwenk y yead Seétion renrh,
Page 61, for Soction sevelfiby vead Setion eleventh,
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METEOROLOGICAL

OBSERVATIONS AND ESSAYS.

PART FIRST,
OBSERVATIONS.

)

SECTION FIRST,

Of the Barometer.

HE barometer, or common weather-glafs,:

- confifts of a ftraight glafs tube, -above 3r
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 eretted, the
quickfilver leaves the top of it, and finks fo as
to fland 3t the height of about.ag or 30 incheg
B above



2 Of the- Barometer.

above the furface of that in the bafon; it is thep
~applied to a frame, with a fcale graduated fo as
to mark at afl times the height of the column,
in inches and tenths, &c. * The inftrument thus
completed is callcd 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 litde
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 quickfilver
in the tube ftands at the henght of 29. or 30
inches above the furface of that in'the bulb, as
in the formcr cafe,

The reafon of the fat ‘may be explained thusy
every body that fupports another, bears all itg
weight ; therefore when the furfice of any non.
claftic 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, fuppoled to. be 40 or so miles; now
though air be a very light fubftance, bemg in its
‘ufual ftate; at the earth’s furface, about wisth
part of the weight of an équal quantlty of water,
yet fo prodigious a eolumn of it as that above
mentioned, has a very confiderable weight ;
‘moreover, it is a fundamental principle in. hy.
droftatics, that the preffure upon the furface,of
a fluid muft be the fame on each part, or the
fnid will not reft till that is the cafe; if, therea

fore,



Of the Bareeter 3

fore, the preflure be removed from any place of

the furface, either wholly or in part, the fluid
will yield in that place, and afcend till the wejght

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 wackum at the. top of the columny -
‘and confequently no preffure upon its furface, fo

that the weight of the column alone balances the

preflure . of the atmofphcre withodt, upon the

furface of the fluid in the bafon. This equilia

brium, between the mercurial colurin and co-

lumn of air, is very clearly illuftrated and cons

firmed by means of the . airspumpj for, whena

- baronieter is inclofed in a receiver, as the air is

exhaufted, and its preflure of confequence.dex

creafed, the mercurial column defeends propors

txonally 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 atmofphcre.-—-é—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 heightin

. each leg, when they.are both open to the atmof-
" phere; will explain the fat in this. cafe:

From thefe: confiderations, the weight of. th'e'
whole atinofphere may be readily found; for, it.
Bz 13
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is equal to the weight of a quantity of quicks
filver fufficient to cover the-whole furtace of the
globe to the height of 30 inches nearly.

The great weight and preffure above aferibed
to the atmofphere, and their cffeéts, are aflented
to by -philofophers of the prefent age, without
feruple; but people not ‘much verfant in philos
fophical enquiries admit them with relu&ance ;
‘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 ﬂlghre(t texture
-are unhurt by the atmofphere,~and the great
facility-with which bodies are moved in the at-
mofphere, they conceive as another objetion,—
Perhaps it may be fome help-to thefe to obferve,
that the atmolphere prefies equally upon bodies
in every diretion, 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 preffire
of the atmofphere, but to its denfity, which
being very 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.attra&ted the notice of philofophers
of that age, and the more fo, as it feemed to

‘ prove
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prove the exiftence ot a wacuum, when the opi¢
nion of its non.exiftence was general, and the
maxim that nature ‘abboys.a vacuum, was almoft
unqueftioned. Had the quickfilver fill. contis
nued to fill the tubé when erefted, the fadk
would have. been accounted for on this imagis
nary prmmplc, and have pafled without further
notice. * As it was, however, ' thofe who fill ad-
hered to the maxim were reduced to great, dif-
ficulties, and forced to-have recoutfe to various
unmeaning fubtilties, to get rid of the vacuum ;.
whillt many began to queftion the truth of the
maxim itfelf. At length it was clearly proved,
from the inftance in que(hon, and from: other
phenomena, that the maxim was: contragdi@ory
to the laws of nature ; the fufpenfion of the mer-
cury in the barometer was attributed to its true
c¢aufe, the weight of the air; and the {pace at
the top of the tube was afcertained to be nearly
a perfedt 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-
fcrved ‘that if it was fuffered to ftand for a length
of time, the height of the mercury in the tube
was perpetually varying, though its. whale range
did not exceed a inches at that place; it was
further-ioticed, that this variation fe;mgs! 19

have fome affinity to the weather, the quickfilver
being
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being generaﬂy low in windy and rainy weather;
and high in ferene and fettled weather, which
éircumftance procured the ifftrument the name
of wweather-giafs. This difcovery promifed to
be of the utmoft importance to mankind, by
enabling them to forefee thofe changcs in the
atmofphere, the knowledge of which ‘was fo
interefting to them, and the moft fanguine ex«
'pe&atlona were entertained on the fubject, . The
experience of a century and a half has.now been
obtained, from which the barometer does not
feem to be that infallible 'guxdc that it was once
expeéted ‘to- be, - though it is: ccrtamly a very
ufeful inftrument in this- refpedt, in the hands of

a judicious and fkilful obferver.—But of this
more hereafter.

SEVERAL ingenious contrivances have been
ufed, by different perfons, to- make barometers
of a more ample range, in-order to obferve mi-
riute alterations of weight in’ the atmofphere ;
but all thefe are Jiable to fuch objeftions as ren-
der the common upright one preferable,

Thofe who with to make barometrical obfer.’
vations, in order t0 compire them with others,
thould be well affured of the. accuracy of  their
ifftruments ;—fuch as incline to make their ins
ftruments themfelves would do well to attend to-
the following particulars,

That
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That the tube be not lefs than oneseighth of
an inch:diameter within,.

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

That the infide of the tube be perfeflly dryy
and the quickfilver dry when put into it.

If there be any moifture in the tube or quicke.
filver, it expands into-an elaftic vapour when the
preffure of the air is removed, and, afcending
into the vacyum, deprcﬁ'es the mercyrial column
fometimes to’ the amount of one- quarter of a
inch, or ‘miore, below its propcr ftation, ~The"
criterion to difcover’ moifture is to apply the,
warm hand to the vacuum, and the mercury wilt
fink" conﬁderably ; but it will nat be affeCted - if
glcat of mqaﬂ:ure.-——AIfo, if upon-a gentle agi-
tation ‘of the barometcr in the dark, there appear,
a light in the vacuum, it is a fign there is little
or no moifture. If, upon a gentle inclination, .
the quickfilver rife to the top of the tube, and
completely fill it, leaving no fpeck, it is clear
of air.

The fcale in ftriGtnels 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
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arcas of the top and refervoir, will give the part-
to be dedufted; 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 fe@ion of the ‘ereted tube, muft-be ufed
as the denominator. of the fraftion; hence, if
the fraltion be %, then the feale of 3 inches
muft be diminifhed by half a tenth.

PREVIOUS to the detail of obfervations, it will be
pfbpet t6 defcribe the fituation of the placea of oblervation.
<~aeaThe latitude of London is §1° 31" Ni—Kendal is fi-
-twate sin lat, §4°77 N. long. 2° 46 W.  There lics aa
extenfive range of moantaing from it in every direétion, ex-
cept to the fouth. Their- hcnght may be from 1.to 6 or 7
Bundred yarda"‘ 3 fomc are near, but from the north to the
éaft their diftance is 3, 4, or 5 miles. St. George’s Channe]
bears §W. ‘and the high water at {pring comes vp the river
to.within 6 miles of the town, but low water is at a great
diftance, ‘Tl town may be. as yarda above: the level of
the. fca.-—-Kef'wul is fituate in lat, 54° 33" N, long. 3° 3.
W. it is well known to be in the centre of a mountdinous
ountry, and fore of the higheft mountains in the north of
England are in its neighbourhood. - It is 16 miles from the
Charnel, and perhaps about 45 yards above its level 4.

The

* Benfon-knot 18 316 yards above. the Yevel of the rivery Whinful-beacon
18 500 yards alieve the fame s and Kemdal-fell from 1 t02 hundred yarde:

+ It ‘may not be amifd to remind the: young Tyro here, shat' the highe#
sy place is above the level of the fen; the lower Wi thie sncsti'fie of ¢
demmpwr be ac that plage.
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The oblervations at Kendal were made by the author,
three times each day, namely, betwixt 6 and 8 6Llock in
the morning, at noon, and at 8 or 10 m the eveninge—
Thofc at watcl were likewifc made three times cach day,
‘the morning and noon obfervations about the fame time a3
‘at Kendal, but the evemng obfervations were made at 4 or §.
in the winter, and 6 in the fummer; the obferver was Mr,
Crofthwaite, n gentleman, who, befides his attention to mete-
orology, has been for feveral years pa{t affiduoully furmfhmg
a mufeum, fot the entertainment of the tourifls, at pvefent
confifting of a great variety of natural and artificial producs.
tions from every quarter of the globe, foffils, p]nms, &c. and
he has alfo made accurate firveys of the lakes.

The obfervations at” Lendon are taken from the Philofo-
phical Tran{a&ions of the Royal Socicty, being thofe made’
there by order of the prefident, and council 3 they are made
twice a day, namely ar 9 A, M. (in December, janum}.

and February at 8 A, M.) and at 2 P. M.

With refpe@ to the barometers at Kendal and” Kefwick,
they weie both clear of air and moifture, and exhibited the
cleétric light in the dark. * The:fcales were both fuil inchies,
and therefore the variations were fomewhat greater than the
obfervations denote them.—Abaut % fhould have been »l-
lowed upon them.

- In the following account we have'given the mean ttate of
the barometers, at the refpetive placés, 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 allo the dire€@ion of the wind, and its
ftrqngth, at the time: the direction we huve 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, s0d
4» refpeively, the firft morking a calm, or very gentle
breeze, and the laft & hurricane.

C The
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T'he obfervations at London are only for 3 years, becaunfe
the later ones could not be procured ; thofe at Kenda/ and
Kefwick for 5 years, ffom 1788 to 1792, inclufive. To the
end of thefe is added the mean monthly ftate of the baro-
meter, fourid from the means of the § years, as alfo the mean
upon the extremes, the former of which is corre&ed OR RCe
gount of the variations of heat in the different months, by
which the quickfilver in the barometer is contraéted or di-
lated, though retaining the fame weight.—We have alfo
fummed up the fpaces 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 mean flate, applied to obfervations, is to be under-
ftood the fuim of all the particylar oblervations divided by
their number,

The upper part of the following tables, having no abbre.
viations, is fufficiently cxplu.xt; and in the under part,
which contains the days in the feveral months on which the
higheft and loweft obfesvations were taken, and the winds at -
thofe times, we have ufed H, for higheft, L, for loweft,
m, for morning, n, for'noon, and nt, for night,

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

1788,
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1788.

11

LONDON.

KENDAL.

KESWICK.,

|

Mean [higheft| loweft

Mean | higheft] lowett

Méan highett! loweft

Jan.
Feb,
March
April
Muy
June
July
Aug.
Sep.
Cca.
Nov.
Dec.

2997
20.68 |
29.6830.08
30. o7l30 48'
[30-04/30.34
29 94i30.28
20409/30.22
20:95/30 45
29. 86’ '30.25
30.32:30.55
30 1|30 50
29 92i30-33

30.21

30.70 28.89
128.65
29.32
29.50
29&58
29-49
29:73
29.22
29.37
20.64]
29 61
29.50

28,38
128.65
20.15
28.97
29-47
29.50
29.47
20.19

30.66
30.22
30.09
30.41
30:4.1
30.31
30.12
30.37

129,87
29:47
29.56
2395
30.02
2994
129.82

20.82/30.5628:35
2g.42/30.17(28.61
29.51130,07|29.12
29.89(30.3628.92
29-94/30-32129-37
29.80{30:26129.46
29.76130.12{29.40)
29.77/30-3729-14

i29.83
129-74
130.07
129.98(30.34(29:22
129:92/30.2829.5'3

30.16
30.62

20.28
29,50

29.67/30.09/29.20
30.02130.63129.43}
20.92/30:32209420
29.90|30.23(29.50

Inchea

29 96 annual hean

l29 85 annual mean

29.79 anuual mean

Hlxén

7hm&n

Feb L 21

WNW 1

Er a)
58

16n & nt
3n Sa2

Wi
S2

W2
Wi

t6n & nt
4 m

7.0 SEp
Hz1n &nt NEz(b)

calm
SE1:

70
21 nt

30 E
23 m

Mar, L’

2(¢)
N.2

3n&ut NE1
im . SE 1

W o

3né&nt
SWo

Im

Ar.

Hi om WN

W1
W 2

on - calm
3n NW 3

Sz
W3

gn
3n

3m

‘M{Y ngm

ENE 2
SW 1

3 all day NE 2
SW 3

M

3m&n Ez2
9n SW 3

Iunc L|z7 n,

Wi
S1

9 all day NLU ¢
26nt&27m NWo

on&nt NE1
27'm NW o

2t n NW

July L! §n

S%W 1

1(d)|21 o “"NWo

16m SW 1

arn Wi
1I6m SW 1t

H|zm

Aug. Lirgm

SW 1

Nifzm NWi(e)

14 m Wo

) 1zm
Sep. le[m

ESE 1

157 nt

calm|2z9 n W 2

NWo

2n AL
14 m W
1tnt  NWo
20 n W a2l

H} 8 m SEbS
0& L 1() n

)

8n&nt
1I6m&n

NE o]
SW o

8n&knut Eo
t6Gmé&n Wi

TH)
Nov. L

SW 2

E1 SWo

SW 2

I m
3t

W
!

rm- SEo(g)
3 nt’ SW 3

H' "o m
D‘c Litgn

NE 1

By No

calm

28 nt
31 nt

28 ot NE o
31 nt calm

{a) And 1zm SWi.
{d) - -And 3tm. SWr,
{z) 4nd 16 m. NE e.

(4) And'aa m, NE2.
(¢) And 2n. SE. 1.

(¢) And y1n, ENG 1,
(f) And Sn, NE 2.
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1789.
-~ LONDON. KENDAL. KESWICK.
Mean | higheft! loweft )} Mean | higheft] loweft || Mean | highett| loweft

)’an.; 29.72130.75|28. 5829.59{30.75[28.12|29.51/30.72{28.09
Feb. |29-70|30.34(28.65(29.52/30.19|28 50]29.44|30.20(28.43
March(29.72[30.13]28.94/29.71[30.12/28.87[20.59[30.13:28.71}
April |29.77136,18129.1029.64,30.09,28.94/139.5 1129 98i28.77
My |29.88.30.2729-57]29-77|30.19/29-37[129.60{30. 1229 23
June {29. 84'30 23120.40(20.77/30.20{20.25/29.66{30.12 29. 14
July |29 85,36.0929-5429.74/30.00.29' 50/129.63|29. 882040
.1Aug. 130 0'330 33[29.70/29 99(30-37(29 62[29.88|30. 23|29 46
Sept.|29. 8830.38 29.30|29.75|30.25(29 25/29-64/30.15 29 17
CO&. 29.52 3o 29]29.00] 29.56i30.30(28.59/129 46|30,20, '28.48],
Nov. 29.70 30,46/28.72| 29 60 30.34/28. ()9t 29.48/30.27. '28.60
Dec 129 %6 30.56/28.88| 29. 63l3o 45128, 7: 29.48(30.32 '28,57

Thdhen 2 20.79 annual mean '29. 6) annual mca,n 29. 58 annual mean

x |
v H} sn ENE 1} § nt No|l sn&nt Eo
Jan: 1018 n ~ Sz2[18n §.3)18 n SW 2
Feb, H|17 m SW 1|16 nt calm{16 nt. NW 1
.~ Ljzsn SWzjzs n &nt SW rj25u&ntNEr Nz
Mar, H 3m  NNEif6m&n NE 1| 6m&nNE: N
T Llig a Wiligm&nNE2 Eglign SE 1
A Hiztm WSW | gnt SWo|gallday Eo
AP 1) 3 m SW1j26n  SW 3(a)j26m &n Wi (4)
May BJ1o0 W2[t1n & nt SWolir nt W
Y Listm  SWili7at SW 2{17 nt Sz
T Hpigm&nENE1f1gn&nt Nojr3n&nt S1
Juoe ) i mWSWa(c)lz2m  SWeolazm  Eofd)
j’mf"mH am W 28 & 3o nt. calin28& 3out Wr So
Y Lligm&nESE 1ji7n W 17 n So
Ape, H{t8m NNW 17 m NE of17 all day NE o
"7 Lizin  Woa(e) 22z & 310t calm|3r ot calm
kSept Hiizn WNWilizn SW x;iz ) NW 1
P2 Llign WNW ijign Noj19 nt NWo
lna Hlz7n. NNW 1{27 nt NE 1|27 nt N1
ioa‘f o I SW 3| 4 m ¥
iNoy, Hh27m W r27allday N o|27 allday NW o
«"qu Lgm N1l 6n&nt NE2| 6at N3
" Hlom&n Wi|gallday SWo| gnt . W
{Djf_ Ly m \V,zlx?n Y PWilen 5w

{a)-And 27m, SEx.  (5) And 27m. SE 0. () And 4n. alfo2z n, 33,
() And 4 &, W 1o (o) And 23 m. Wi alfo 31 m &0, $5K 1.
1) And 28 m. NW o, :
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1790-
KENDAL. | KESWICK,

Mean | higheft! joweft | Mean rhigheﬂ, Tosveft -
Jan. " |30.07{30.47 29.27229‘91 30.34/28.05 29.89‘30.36‘28.6*
Feb. (30.25|30.62 29.88} 30.06[30.41|29.47 30.02130.41 29.40
March|30.26{30.65/29.8330.18|30.59,29.5730415/30.59'39.48
April (29.86(30.30129.38/|29.85(30.28|29.28 |20.81]30 28 29.19
May |29.99[30.14/39.50/129.85|30.28/29.25|29.82|30.28'29.19

June [30.03130.35|29.49]29.8y[30.25|20.31 {20.87/30.28 29.23] .
July 129.84/30.20{29.29{29-72(30.09,29.34|29.6830. 15329.28
[:\ug.’ 29.97{30.16|29.64129.81 30-03129.4.7“ 2’9.77t30.05139,4z
Sepr. 130.00(33 42(29.31/29.87|30-34129:25 129.84/30 34/29.144
O¢t. |29.8930.40129.62|(29.80|30.28,20.22 |2¢.75/33:26 29.11
Nov, |29.81{30.40 29.023.29:75 30.3428.97129.70/30.28:28 go}.
Dec. |29.88|30.38128.80/29.70130.34:28.84 zg~67‘3o.3~|]'28.yﬂ.
Iniches 29.99 anuual mean|29.87 annual mean'{29.83 annual mean

LONDON.

Mean | highett| loweft

Jan H{7n WNW1j 7n&oat  calm| yo&nt E1, 80
Jan Tla8w - SWalsBut . SWala8a Wl
TFeb. B 410 Wil 4nkn Wi 6a Wi
€. yl26n  SWazl26n . SW226m  SWy
1Mar [{i6m NNE 1fism&n NEoisan  SEo
Y Lizgm Ei1liom W 2|1omé&n SW4e W3l
. Hjzm N 2| zallday NE1(a)] 2 0. SE 1(J)
Apr. Liir m NE z]30 m Sz2igom . 1
Mav Hjtgm NE 2|1z n & nt NE 1(¢)|12aliday NE2(d)
MY Llam  S8Walzm SWi|zm — NEo
Jl; Hiztmé&n WSW1f14 nt - NE o(¢)|14ut ismWoEo
" Llgu SSW 2| g nt SWo| gint -~ calm
T TH 7R NWO () 7 all day  calm| 7u&ntSrNWi
July 1, gn Wiftzo&ut Wi(g)izom&nSW3Wa
Aug, H[18m WNWTitnt&1zm Wolralld. NWe(5)
M Llbm  ———l 3" SWol smén $W1
S H|z26n N t(i)|26 n Nolz6n ~NWo
P Ll 3m Wa2l3m Wolzont ~ SW'3
o& H{i6n EI16n & nt W o|16n&ntWo SEO|
; Lizg n E rliz nt Wazjizn . S3
" H|z28 m" Nijigm  NE.1(#)|14, 15 all day (/)
Nov. Lizy m SW zjig nt N clxg’all day So EQ
Dec, B} 60 NW 1 6u&nt NELof 6n ' calm
‘ € fli8m . Waism  SWyliym WSW,

a) Aud 3 all day E 1o (5) And 1 all day NW.13. ?g‘_l\nd 13m. NE 1,

dg And 13 ne NE 3/ "(c; And15'm &n. NEo. And 17 m % n.
NW 1. allo 26 m. WSW 1. (g) And2om &n. SW2. (b) And 13 all day
NWo, alfo 14 n. & 18 m. W o, (/) And 26 mi WNW 1.

(+) And 13 nt & 37 nt. NE 10 () Ea. SE @
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1791,

! KENDAL.. "KESWICK.,

Mean' | higheft | loweft | Mean | higheft | loweft
| Jan, 29.33 | 30.22 | 28.40 || 29.23 | 30.17 | 28.31
.Feb. 29.83 | 30.47 | 29.c0 || 2G.77 | 30.42 | 28.85
March | 30.06 | 30.59 | 28.88 || 30.01 | 30.51 | 28.82
April . |29.72 ] 30.12 | 28.97 || 29.66 | 30.11 | 28.91
May 29.94 | 30.37 | 29.22 || 20.90 | 30,37 | 29.08
June (2989 30.19| 29.50 || 29.86 | 30.17 | 29.40
July . |29.76 | 30,22 | 209.22 || 29.71 | 30.19 | 29.11
Auvguflt | 29.96| 30,47 | 29.47 || 29.91 | 30.48 | 29.29
‘Sept. | 30,04 30.34 | 29.31 || 30.01 | 30.31 | 20.19
O&o. |20.62| 3047 | 28.56 | 29.55 | 30.46 | 28.45
- Nov. 7129.58| 30.15 | 28.66 || 29.51 | 30.11 { 28.56
"Dec.  129.51 | 30.28 128.84 |l 29.44 ) 30.19 | 28.68

 Inches | 29.77 annual mean

29.71 annu;l mean

Hlzqa m W 2|24 mand n WSW 3&
J%“"Lzzg‘m Elzgm ' 3Lg/
Hj 4.nt . calm| 4 nt calm
Feb. L’Ign : NWngm Wz
Mar, 8mandn SW 1, NEo| 8 m and n E
T Llzont, 21 m SWzjzont, 2t m SW& W 3
A Hj29 nt, gom NE 1|29 nt, gom NW&NE 2
P' Llzg mand n SW 1jzg mand n NW & N ¢
May H/28 nt NE 0|28 n E
Liigm W 3jigm WSW 4

; H|{ 7m ‘NE of 7 m W
June 5 |26 all day SW 1|30 n and ot SE 7, SW o
7.1 15 mand n NE of1g nt , calm|
July 11’2 SW gl gmandn  WSW 3
Aug Hjzom NE o|ig ut, 20 m calm
* Llz28 m W 1]28 m *Wo
Scp Hiz6 m NE of26 m NE o
“Li4m SWol 4m SW 1

Ina. Hizg all da NE t]zg mand n NE 2
0& Lz?m Y Sle?m SE 1
Nov. H|26nt S o[26 nt SW 2
*Liiem SW 116 m SW 1
cc. H|17 mand n NE.of17n NE o
Lizgmandn SW ilig m WSW 3l
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1792,
KENDAL. KESWICK.
Mean | higheft loweft || Mean | higheft | foweft
Jan. | 29.60]30.37 | 28.87 || 29.53 | 30,34 | 28,65
Feb. 129.87|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 | 30.23 | 29i02 °
May |20.88] 30.34 | 29.03 {i 29.82 | 30.28 | 28.79 -
Juane 129.86(30.37129:37 || 29.82 | 30.39 | 29.28
July ] 20.80]30.09 | 29.47 || 29.74 | 30.06 | 29.37
Anguft] 29.86 1 30.22 | 20.12 || 26.81 | 30.22 | 29.02
Sept. | 20.65 | 30.22 | 29.06 || 29.59 | 30.17 | 28.91
Oto.. | 20.73 | 30.47 | 29.09 || 29.67 | 30.45 | 28.94. |
Nov. |29.90|30-37|29.09 /| 29.82 | 30.31 | 28.96
Dec.  j29.71130.28 1 28.90 || 29.62 | 30.20 } 28.71
Iuches | 29.77 unnual mean 2Q.71 annual mean
A 5 al da calm 5511 day " ealm
Jan. ngm\)’ SWoltgnt - - 81
Peh. H|16ut, 17m NE 117 mand n NE o
T Lim SWil1m SW ol
M Hj1z m and 0 NE 1j1z m NE o
L 40 SWol 4n W o
Hlzg m SW ofz9 m and n calm
APt 1)L ne SW i} 4 nt calm
. H| 5 nt, 6m NE 1| s nt,6m Na, NE1
May 1 29 m and n SE 3|29 m - SE 4
i H[ 3 all day Nt/ gnandnt NE1, No
June L xlem and n W x? m . calm
' Hli5 0, 32 nt W olign, 3rat SW i, SE 1
Tuly 1]s7 m and'n SW 127 m calm}
H| 1m&n29alld. NEo&k:t| 1 n, 29 n NE o
Aug.'L,’_} m - SW t]z3'm SW
Ses ﬁ”lﬁm SW ohig nt SW of
P ylaam SW olzx nt SW o
{oa Hiz4 ot NE o|z4 nt N1
0&. 3, 140y 15 0 SW 1]14 n and nt - 81
Nov. Bj24nt " NEofagnt ~eal
“27 Litg o and nt SE 2lignandnt - SETr
Dec, ] 2 0t T enlm) 2 ot S calmy
* L] 6m SWisl 6nt W 4
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GENERAL OBSERVATION,

It will be feen from the above accountg, that the baro.
meter . is: generally highelt und Joweft about the fame time.
at all the threc places; and if the obfervations had been all
taken at the fame hour, it ‘would have been more generally
the cafle. ~—Whenever the barometer happens to be at the
nmnthly extreme at one place, and not at another, I find it
isialways near it at the other; the greateft differences in this
refpe& feem to take place about the lower extreme, and to
bé occafioned by raine—thus, when it happens to be excel-
ﬁvcly heavy rain at one place, and not at another, the baro-
snkter ig relatively lowelt whete the rain falls.

Mean flate of the barometer at Kendal and Kefwick, for the
whole 5 years, for each particular month of the year ; together
aith the means upon the extremes of high and low, and the
wmean monthly range.

B , KENDAL, KESWICK.
Mean*s hxghc(\‘lowcﬁ range Mean*: 'hxghcft‘ loweft range
January 129.68. 30.45,28. 49,1 96 29. 62 30, 4.5128.41 2.02
February |29 77’30'15128 991.36/129.71 40'33'28 nI.42)
Warch 29. 84'30 36 20:09 1.271129, 77130 34‘29 o1|1.43
April  [20.79/30.23'29.06 1.17129.72 30,19’ 28.96/1.23
May - {20.88 30.32'20.27.1.05 /29.82 30.27, 20.13(1.14
June {20, 85,30 2629.38| .881/20.80 30 24.'29 .30| .04,
July - 29.74:30.10/29.40| .70129.G8 30. .0820.311 77
Augult = [29.86 30. 28’ 29.37| .9129:80'30.27i29.271.00
Septemberi29.80/'30.26 29.23 1.03 12974 30. 121(29.12{1.09)
Octtober - (29.76'30.43 28.99 1.44(/29.69'30.40 28. 88 1.52
November (29. 78,30.31,28.23 1.381129.70 30,26 28. 85 1.41}
December 29.72i30 32.28.97 1.351/29.65.30.25 28.84/1.41
Inches  |29.79]30.31|29.201.21129.72]30.27|29.00[1.27.

The

#* The means in this column are correéted, on acoount of thie expanfion

_of the .mescury, by heat; the corre@ion is made by increafing the he:ght
Ain the colder months, and leffening it in the warmer months, gropomenaﬂy
€0 the-defe& or excels of temperature, reladve™ to the mean, it new.r
excveds o3 of an inch, ) : :
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The mean monthly range at London, npon an average of
the 3 years wehave given, is, Jan. 1.73 inches, Feb 1.33,
March 0.96, April 6.99, May 0.70, June ©.83, July 0.63,
Aug.'0.79, Sept. 1.0z, O&. 0.99, Nov. 1.34, Dec. 1.36.
Mean range 1.06 inches.

A Table of the mean. fpaces deferibed by the mercury each month,
determined by fumming up the feveral finall fpaces pfeended and
dy ﬂ'endcrl alfo the mean number of changes from afeent to de-
Seenty.and. the contrary, each monthy it being reckoned a change
awhen the fpace deferibed i upwards.of .03 of an inch—The
means are for § years, at Kendal and Kefwick.

KENDAL. KESWICK. .
¢ ¥H '8 b £ 8
SEE <
25, |44 i%s 34
s o f 93 g
g8 8 EE
, s b 7 g UE°
- January 997 | 2 10,15 [ 20
February 7.57 | 21 .90 | 20
March’ 6.64 | 19 7.30 | 21
April 606 | 17 .|| 615 | 20
May 547 | 19 565 | 19
June 3.89 | 16 || 425 | 16
July 981 21 | s5.20 |32
Au};;uﬂ: 222 18 498 | 19
September| - 5.87 7| 19 6.59 | 20
“Ottober | --6.30 | 18 || 6.24 | 20
‘November{ -7.36 18 7.69 | 20
December | 10.08 { 22 9.95 | 24
~Ann. {pace 78.51 |231 | 82,00 [241

D $RCTION



BECTION SECOND.
Of the Thermometer.

HE next important inftrument in meteots

oloby is the thermometer s 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 the
barometer, but never brought to a tolerable de~
gree of perfetion il the prefent century.

Philofophers are generally perfuaded, that the
fenfations of heat and cold ‘are occafioned by the
prefence or abfence, in.degree, of a certain prin-
ciple or quahtv denominated fire, or /Jeaf ;—thus,
when' any fubftance feels cold, it is concluded
the principle of heat is not fo abundant in that
fubftance as in the hand; and if it feel hor, then
more abundant. It is moﬁ probablc, that all
fubltances whatever contain more or lefs of this
principle. Refpe@ing the nature of the prin.
civle, however, there is a diverfity of fentiment :
fome fuppofing it a fubffance, others a quality,
or property of fubftance. Boerhaave, followed
by moft of the moderns, is of the former opi-
nion ;  Newton, with fome others, are of the
latter 5 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 refpect.
ing the catfe of heat, many of its cffcéts are,
clearly alcertained : in treating of thofu ceffedts,
it is expedient to adapt our languagc to ong of,
other of the fuppofitions refpetting the natare of
their caule ; apd as nothing has yet appeared to.
render the common. mode of c:xpreﬁion unpbis,
lofophical, we . fhall therefore {peak of fire as,
a fubftance, u;ldcr the denomination of fire,
or heat.

One univerfal effe& of fire is its expanding or
enlarging thole bodies into which it enters ;.
which bodies fubfide again when the fire is
withdrawn. So/ids are lealt expanded by iit;
inelafic Auids, as water, fpirits, &c. are more
expanded ; and elafic Auids, as air, moft of all,
Hence, if:a glafs tube of very fmall bore,.and a
large bulb at the end, be filled with any liquid
fo:as it'may.rif¢ into the ftem,.and heat be ap-
plied to the bulb, the liquor will rife in the tube,
and it is obvious to infer, that the larger rhe
bulb and the fmgllcr the. bore . of the tube, all
other circumftances being the fame, the greater
will be the afcent: for a given variation of heat:
fuch an inftrument, when. applied to a frame
properly graduated, is called a thermometer,
Diffsrent fluids have been occafionally ufed for
thermometers, but none is found to anfwer lo
well, in all refpeds, as quickfilver.

Da Boiling



70 Of the Thermometer.

Boiling water is of a conftant ‘and uniform
temperature ‘at all ‘times and places, provided
the barometer ‘be at a certain height; and a
mixture of pounded icé, or fnow, and water i
likewife of ani uniform temperature. Hence, we&
dre favoured with the means of finding two fuf-
ficiently “diftant “points upon’ the" thermometric
fcale, without the fieceflity of anothier thérmo-
meter j ‘thefe are called the botlmg and’ freezing:
points, and are marked with 212° and 42° rés
fpc&xvcly, upon the common fcale, or that of
Fabrenbeit, the boiling point being found wlien
the barometer ftands' at go-inches.:: The feale
is divided into cqual parts, andrextended above
and below thefe pomts, ad libitum ; . when :thes
dcgrccs go below 6, they are counted from it,
and termed mégative,  merely - for- diftinftion *;
At 55° the ‘word: temperate m“ixfually placed
upon the- fcale, ‘and: fummer ‘heat at 75%; 98°
dénotes the ufual heat of the human blood;
112° the heat' of the blood fonsétithes!in ar-iri
flanmatory fevér ;° and at: “19:4°% Ipirits  boil 5
quickfilyer-itfelf boils at abouti606°

Reaumur’s feale, ‘ufed -by fome:: ‘philofophgrs-
on'the continent; marks the freezing point with
0°, and the boilmg point with 8o°,

THE

* The Tyro will plcafe to obfcrvc, that. the term. 0°
does not imply a total deprivation of fire; it is a mere ar-
bitrary term, and there would . havc been no lefs propriety
incalling it 100°, or 1000°, than o°.
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THE following .is the refult of obfervations on the ther.
mometer, taken three timés a day, at Rendal and Kefwick,
from 1788 1o 179z; inclufive.:. The morning obfervations
were takem between -6 and 8 o’ *clock ; the mid- day obfervas
tions about x2 or 1 the ‘night obfervations at “Reiidal about
g or'10, but at Kefwick ut ‘6 in fummer, 4nd 4 in winter;
this cxrcumnance makes_the  mean tempei‘ature of thwtcl
too high, whep comparcd with. thut .of Kendal, which ‘ought
to be moticed i the comparifon.

"The fituation of the thermometers too, s another per-
gculnr that ﬂxould be adverted to ,-—-that at ' Kendal was
withont, in a gardt.n, under’ the fhade of a prctty large
,%ooﬁ,bcrry tree, facing the anorth: the “garden is openta

the country in: thc narth, and. hgsihoufcs at the diftance of
& or 10 yards to the fouth. The thermometey at. Kefwick
is fituate near, but not in contad with, the wall and window
of a houfe facing the north, which is open to the conutry :
it is about 5 yards.above the ground ; the {un never fhinea
on.it in winter, and only & few 'weeks in’ fummcr, ‘and that
early in the morning, long before the obfervation is taken.

From thefe accourts- it ia obvions to infer, that the ther-
mometer-at Keffwub will not be liable to the extremes of heat
and” “seld, owmg to .the mﬂﬁécc of the’ adjmmng wall 3
whereas that ut Kendal is. pelhapa liable to too. gréat an ex-
trénie of heat,- occafipnally, owingto the refleétion: from the
ground, though the fun never Minés upod the friine for an
hour at lealt before dhy obferoation is taken,

The following tables, 91: is, prefumed, . will ;be fuﬂicxently

prheu; we have given a table. euch yeary ‘containing the

ays“on which the ‘extromes;of heat and cold hippened &t
each place, as with the baromcter.

AT



22 Obfervations on the Thermometer.
AT KENDAL, 1788
il "~ Morning., Noom. g~ Night, " poo
Mean ,hlgh low. || Mcan (fighs( Jow: nmm high. low.‘! means.
Lgan: | 577046 o | 1 Ja7 Jar | 383146 Joa | 39" |
Jan: 1377146 |20l 41" 24 . |
Feb. | 36.3144 (28 41 la7 [31 1| 37.7.46 |28 3821
Miich 3’3946, 18'|[ 40350 |31 ['36.3]50 {21 | 36:8 |
Aptil 1438 20 132 {149:5169"139 || 458155 1341 46.3
May 4.87 61 |39. || 61.8|80 143 1 48.6,61 (38 |1:53.0 |
June | 55.060 |47 || 66.4180 |57 || 52.5,60" {45 || 5743,
July 1550 62 l40 [ 61.0168.183 | 54.4162. 47, || 56. 8
{Ang. | 535158 147 || 637174 157 || 54-2 60 149 |l 57-1 |
Sep.” | 49.5,60 35 |l 594170 fso | 51- 8162 143 (1536
O&. 141,555 128 ['52.6/58 la7°| 43-1157 |30 |l 45.7
‘Nov.' | 38.3150 427 | 44:5 52 [33 | 39.8/52 128 || 40.7
‘Deci:1'26- 140 (10 |l 33:5:146 123} 27.6140 18 429 |
‘am mi) 430 sz’ ol 4401 o6

AT KESWICK, 1788.

( The obfervations on the thermometer at Kefwick this year were
not complete 4ill May.)

Mormgg__

~Noon,.

~ Night.

! Mean high.{ Jow.

)

Mean

high,
S

‘Mem%xgh Tow

:'ifmoﬁtll.
o Ineans. ]

o

‘,54-4 7[
. |:57:6167

58.6168
. 1 §8.8162
- {54664
ST 4444187
i :*4.3:1 52'

oJ.26i2 143 .

O
41
52

:¢5§,:
i52

46,
28"

28
8

6 1
,62.13

6147

63.2
583
565
‘442
\3002

HT

19
75
68
59
§2
44

77

58 9
605
6o.3
61.6
559

o 46»‘8 y
4205

285

66

54

72 .
75
64
72

57"

S ¢ ]
39 {1582 |
5' 26,0!5
50 i 60.2 |
537161 |
48 | 56.3
341472

128 ligz.9 b
e

11.28.3 |

1788,
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1788,

1 . Morning. -Noon, Night. }
Lo |\ KendaliTT Kefwith | Kendal. - Kejwick.\Kendat, T Keficks
] Hjz4th day z4th & 27th days 26th day B
a Llig 15 ‘ i3 ;

Hjus s 4 !

Feb. 12 2 . o K

“Hijzo 122,30 30 ;
Mar.f Liy v 15 7 8 ‘
o Hin, e 30 30

Apr. ;14‘85 : R , e .

B 28 4 2626 26, 27|27 25,27
M“yLéﬁ" o 29!29,,'* ’291'0 i 29
Jun Hii8 16, 19121 ¢ aql1g,a8,30 7 1y

¢ Llt,8 12, z0, 28 19”29, 28, 30[9 C19

July Hjtz 13|12 13[1t 12,13, 30

"o1)28 5|10 7, 8, 2218 ' 25

' H1x3 3,710;13.14{4 "~ 4j12 3
Aug. Lis ' 29{23 26{19 ’21
Hs 84 4 8¢ 4
Sep. Litg 21|29 ’zx 14 23
o Hl2 2|2, 5,22 . 2,222 . F% 22
Oé. Litg " 18}18, 19,20 ’ 1818 18
Hn 12 L3 YT a3 I N, 12]12 3, LT
_Nm" L6 15 16 5 ’15 (5 ’25
o H24 25 24 " 24|24 24
D‘c Lh6 8,16 15, 16115, 17,28 17, z§

AT KENDAL, 1789

| Morum%__{ Noon. - Night, |month
Mnn higlh. Tow, | Mean | high.[Tow. Mean h.gh “Tow, [lmeant,
. \ ..‘.,»——-—__ G L) [~ Q ()

{_an. 30847 | 436 |50 |19 32 gy s 38
Peb, 1 37.7(46 28 | 42.2147 |32 1 37.7046 | 30 | 39.3
March. }s0.5137 22 41,4148 131 )i 32 13725 346
April 130 4147 125 1498160 |36 || 405140 | 31.] 432!
May -1 48.8 557141 | G0 |70 |51 || 49.4157 | 38 | 537
June | 51§60 138 . 63.6 79 153 || 51.6/60° 45}l 55.6
Joly |54 |62-141 || 64.8) 74 |54 || 54.4: 62 |49 || 577
Auguft | §3.7/62 142 169 4| 79:(60 | 56 |62 |50 | 59.7
Sept. 1498157 |32 | 58.4/677/50 | 30.2 58 37 | 52,5
Ofto. |.42.4.55 (27 [ 5¢ | 57139 (43.4)55 |29 | 45.6
Nov. |35 44120 [l42.5| 50181 | 35.7145 {23 | 37.7

[Dec. 406748 125 143.4149 135 || 40.9' 49 129 | 41.6
ann, ms.| 428 st . Il 43.6 a6y
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AT KESWICK, 1789

7] Morntug. ‘Noon.’ nght : Hmonth.!
W ST Mean _t_\_ng_!h low. (| Mean high.! low, Mean hxgh fow. |Imeans.,

e TS| e T el e T | T Bl el o,
Jan. 1337 |49 |7 | 34-9|50 |20 || 33.8|50 |16 |i'33.9
Feb. .|37.7'46 |29 | 404148 |34 || 387 47 {30 | 889
Mar. 29. 7.39~ 23 || 36 4|46 |29 || 33.2 |40 |28 |l 33.1
April 416 49 128 /145.9(56°133 || 44151 129 || 439
May - 509 60 |41 || 567168 145 || 54 |68 |41 | 53.9°
June 155.3 G 144 |50 173 49 | 55-8|69" |47 || 56.7
July  |58.2.66 {49 || 62:4{71|51 || 60.2 70 |50 | 60.3 |
Auguft| 59.6.6% |51 | 64.9|74 |67 || 62 9|71 |51 | 625
Sept. | 52,7 61141 || 56:4|65 146 || 54.8164 {46 || 546
i|O&o. | 44.2 52 |26 || 48.9|56 136 || 46.9157 |32 || 46.7
i(Nove 137 145 123 | 41:2{48 31 || 39:1 148 128 | 30.¥
|Dec. [ 42.5.49 (31 |1 43.4149 34 | 42:2'52 134 || 42:7
Jannims) 45,2 492 - - 471 47.2

- Morning. | Noon. Night.

. Kepdal, - . Kejw.ch.|Kendal, Kefwick\Kendals © Kelwick
N Hiszo T 3ol3t 30{26 i 30
e 1f1, Cazlgrz o Tels ‘Y1, 12,

w1 ~Hltg . 1, 15}, 15, 18,24 15|14 1
Feb. 712 oo 274 ' 11,12, 16]7 - Is
- Hlzo,21. . 1321 - 21]2, 28+ 2
Mar- 1000 - .87l g b, 10, 13
; Hlz1 -~ 20,2130 - -30[16 16, 30
Apr-:l‘,, 576, el i -
A 24, 25,28 26,28[13 13]13 3
M»ayln.u Y LR 18}3 3
o B8 a8y o - aglay o 13,16
{June fliz . 2616, 26 6, 287, 25 ’\z]
fyay B¢ 84 o 4E 3
Py Llzg a3l 22(23 22
A Bl5 4|13 18l4 18
Aug.L,zs-z i glaz 30
. Hlyae 1l . 6]3,10 . a1
Bep, L1y R 15,<x9 19 1_’8 16
1 Hlzt 21|23 23|20 - 20
0%‘“Lz6 31[31 31igr 31
INoy. Bll14 - 2, 14]3 I 10
Nor. Llzy .. ’ 26 27 «26 26, 27, 28 26
. CH6 - v 22|6,27 6, 7123, 27. T
Dec. 1l igli6 16 25’ g 17
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AT KENDAL, 1790.

1 Morning. - Noaon. Night.  nwroneh.
Meun ;lugh., low./| Mean high.(low. Mean high. low. imeans.

o ket i, 20t v} okduhoutul D WY T abiuviid .Sy Pehici

] Q [¥) o <] o -} o

' -
Jan. 136.3147 22 1| 40 |49 |31 | 37247 [24 [ 378
Feb. |39.8 47 125 |1 46.2(54 139 | 41.2147 |28 [l 42.4
March| 35.5145 124 || 50.7]58 (39 || 38-1146 |29 || 41.4
April | 37.5146 123 || 50.1158 140 || 375147 |28°}} 41.7
May - | 48.5155 138 || 59.8171 151 | 48 |58 l43 | 52.1
[ June | 52.4162 143 || 61,7176 |53 || 53-462 |46 §5.8
July 151658 l41 || 60.9|67 (541 §3.2|59 [47 | 592
Ang. | 52,560 138 || 61.4{71 |56 | 55 163 |48 | 563
Sep. |47 |56 |33 || 56.7(68 |51 | 491152 l42 |l 50.9
O&. [43.3155 (28 |l 54.3(65 (47 | 45-4|58 |33 || 47.6
 Nov. | 37.8/50 124 || 44,1153 |34 || 37.6[48 |21 || 30.8
Dec. |34:3'46 | 6 || 39 149 122 | 34.9147 22 || 36.1
 an. m.) 43,0 5201 144 2 464

AT KESWICK, !%QO.

Morning, Noon. Night.  |month.|
Mean high.@low Mean high., low || Mean jhigh. low. {means.

.._.__....._—-..

° YRy ° 3 - Thaa-y o
Jan, | 36.4148° (29" 30.7)50 |30 38.7[s0 l32 | 38.6
Feb. 43349 32 (| 45.4/51 (39 [ 43.8149 35 | 44.2
March| 3. 3! 31 | 47.7(52 |38 || 44.3/50 |38 | 438

“April | 3 4 31 | 44854 (38 || 41.2149 132 || 41.7
May 50~8 58 45 | 55.5(64 146 || 52.9163 |45 || §3.1
June |55 168 |47 | §8.7171 49 || 57.670 149 || 571

July 530159 48 |1 59.5/65 152 || 56.5/63 (51 || 56.6
‘Aug. | 54.8 51 1 60.5169 |55 !l 57.564 |51 i 57.6
- Bep. | 40,2 ‘ 6 141 | §3.7{62 (43 || 50.8(62 |43 | §1.2
O&. | 46.5'59 (35 || 52.1|62 |g4 || 48.8/59 37 || 49.1
‘Nov. 137.6.49 |25 | 41.6(50 30 |l 39.9|50 126 | 39.7
Dec: |35.7/47 118 | 37.9l49 lay || 36.8/47 28 | 36.8
A0, Mii45a 1498 474 . 1474




26 Obfervations on the Thermometer.
1790,
Morning. = | Noon, Night.

Kendal,  Kefwick.| Kendal, Kefwick Kendal, Kefwick

Jas _Hiz, 12 14]3 12{12 12
T Lj2t  g,18,21, 30/15, 17 15i20 ,2o, 15
‘ ‘Hizy T 26]28 2224 . 22,35
Feb. ~Lijz1 il __10jz0 10
M Hz,zlz’ 2]28, 30 20,232, 3on *8
M LIt7 4,15.17,185, 10 10{15, 16 5, 15
Apr H,zg, 27 . 29{19 23|22 28
2P Liry 11, 13|16 13]14 12,33, 14
... HJ|30, 31 30|29, 31 3|2y 16
My Llig” 19,21l 27 2|3 5
Hjz22 ' 16]15 - 22|15, 16 22
Jum’"Ltg,,zS 5, 10|11 Tij1t 6, 7
{r1e . H|26 4 26j27 17,2517 124
J"ly' Liszo 30{29 - s g1lax 14
‘Hli6" 2i{12 T 16
ALl 1,340 26, 27040 9 3, 23|26 a9
Sen, H|12 19|19 19|12 19
'SP Ll tslar 14(7 14
oq. Bl st - 2204 6|21 22
- Ljio 25l27 3019, 30 30
ANva6 616 6|25 "6
L'29 28{18, 29 27 30 30|

Hi 10, 13 1313 13 g oy

D':c’, L‘zo, 20]z0 1, 2028 "28

AT KENDAL, 1791,

Moruning. Noon. Night. month,

‘ Mcan hxgh low. || Mean  high.! low. || Mean { high.| low.{means,

: , ] S CH ) o ] ]
Jan. 38.3 48 23 11 40:4[48 32 1| 38.8148 | 30 I 39 2
Feb., [36.5/46 |26 141.9]50 |36 || 36.5| 46 [ 28 | 38.3
March | 38.3147 |23 {1 47-2| 55 |39 || 40,5148 {25 } 42
April - 143753 136 |52.8|67 |42 || 44-1)55 |37 [ 469
May- 145 |55 |34 |[56.5|73 |44 [|45.1|61 |33 | 48.9
June |5t 1i59 |38 11 63.8/81 148 || 5§2.2) 62 | 40 | 55.7
July  154:3167.148 )1 63.5178 |51 || 54, 166148 | 57.3
Augult | 54.8|66 145 [164-3174 148 || 53.8/ 62 |46 | 57.6
Sept. | 50.3|60 (38 }|63.4179 |52 || 51.5|60 [42 | 55.4
O&o., |43 |57 124 || 518160 (42 || 43.9]57 |24 || 46.2
Nov. 139.4(49 22 | 45.2|53 |39 | 39-3)50 |28 | 41.3}
Dec. |29 40 l10|[33 142 |20 || 30.2' 46 J~10* 307

fann. ms,| 43.6 52 44.3 46.6

# Thermometer at 81 Po Mowm6° 3

25 953ww10°) and £lll 10 P Moweso®s
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27
AT RKESWICK, 1791,
Morning. Noon, " Night. months
: Meaﬁwﬁﬁ{h low. || Mean hlgh low. || Mean ) high.) low. ¢
‘ ) s o "fo"' S | e~ S 4| tmpara
Jan. 1379 45124 | 39319 "3 3949 |31 | 388
cb. 1358 47 |25 [(38.4]47 (30 |[36.7|47 |30 |37
Mat, . 1 40.4 47 122 |l 436154 |34 || 418148 129 419
Aptil | 44.4 54 |36 || 49.6|65 |41 || 46159 137 1467}
ay |47 64 137 || §27|70 140 | 48.9|66 |40 |[49:5
June | 54.2. 70 141 |1 59.3176 (45 || 563|753 |41 || 56.6
July 1564 70 |50 | 59.8)73 |51 || 57.6|71 |50 )i 57:9
Auguft| 55.6 64 (48 || 60.9]63 |47 || 582167 |45 | §8.2
Sept, 53-2166 41 |1 59,1173 149. |[ 56.6] 69 46 || 56.3
Ofto. 1435 55 |27 || 47.7/61 (36 || 46.4'58 132 ! 45.9
Nov, 1397147 |22 | 42.3|5¢ |33 40.6 51 |32 ) 40.7
Dee. |29.9 39 {13 | 33.2]40 123 || 32.1 a1 [15%] 317
lann.me.| 24 8 ‘1488 46.7.  ([468
1791.
] . Morning. ] Noon, Night.
Kendals Kejwick Kendal, * Kefwick.| Kendar. Kefevick)
Jan Hzr 23116, 4t " 16[16, 30 10
T Li28 285 2813 . 28
e H|14 14}7 14]10 R
I_Eb' Lis 414+ 23 . 4]16, 28 243
ar, H|15 29,3028, 30 302z |, 29
Mar- L ¢ 1{3 ! 21it R 1
Hi1y 15|16 1616 16
Apr. Ll . 11l6 sl25 6, 10
Hj28 31)30, 3030 30
May Lig, 8 6 . 3,6, 23
,His 4 516 4135 3
June Lirg 11,“12321 12{13, .21 ‘12
H)18 7|1y 16, 17\17 17
July L‘!s; 14 5, 6l4 410 4
Aug. |15 23, 24|15 12, 20, 2314 23
19 30, 3731 3il31 31
Hl1o - Tl “1tj10 i
ic_p_'%so 19]22 19i1 18
Hig 43 4 5 LERE 3 4
O&. 7, 24 23126 ' 22{23 23
N Hlut ribig IE1ES O 1t
Y Li6 616, 18, 30 66 18
Hjz, 31 23, 31]2, 31 1, 27, 31|t )
De‘c'Lr’g tilen AT 11

* Thermometer at 4 Po M, 15%3 at 1o Pe M. 8°; at 1 A. M, 69,
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AT KENDAL, 1792.

i

Morning. |

[

N(}()lh

high.

low.;

i Jan.
Feb.
March!
April
May
June
July
Aug.
Sept.
Oé.

%ov.
1 Dec.

-36.9

Mean

32.3
37,
38.2
45
453
52.1
56.1
55.6
47.6
43:4
41.6

46
49
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AT KESWICK, 1702
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Obfervations on the Thermometer.  ag
1792
Morning. Noon. Night.

Kendul. Kofawick.| Kendal. Kefwick, Kendal Kefwick.

His1 " 31130, 31 31|30 30

Jan. Lirj BIjLx 1%, 13|11 L

Feb Hja 2|26 1216, 27,29 = 26

Sl A PY' 21|18, 19, 24 18|20, 21 18,20,21

Hjz9 1f17 I, 2]17,24,28 2,17,30

Mar. Ll! 913 ’89,’ " )‘ .’8

Hlr3, 14,29 12, 1310 - Lxleg, 13 - 1

Apr. g [, 7 5, 20| 5|20 19

_Hlig 15|27y 12{244 27 24

. May Ly 11, 3 1, 2|2 . qy 10

His 1629 16/16 L4

June 112, 10,20 8, 10|12 19z 19

Tuly H|16 o9, 10, 15,2429 29:1§ 31

Y Lo 1l5, 11 11'28 1

H|x KL 3|2 3

JAU8 1|28, 19 28|20 28|19, 28 28

Hl1z 2, 7|2 2{7. .

Sep. 1118, 22 22021 2215 - z;t

-~ Hlx ~afl s 1

o0&, Lj12 244:2 3, 4158 24
B35 800 sy sis . sh

Nov. , 1’7 " 17120 17]19. -~ 16, 17, 19

Dec, H[to: 18,20 1818 18)18 18

" Lizs, 31 24123 2417 23

The rhonthly and apnual means of the. thermometer,
upon § years, are as under.

posrs

Jag. | Feb. | Mar. |

Apnl | May

Jum | July lAugJ‘

At Kendal

[
36.6 | 39. 5J39 2

45351

558]s7. | 583}

4t Kefwick] 36.8 [39.5 139

4531

52,7

S7.1

60,2

58.8

At Kendal

Sept, ] O&, l Nov..

'Deo.

annual
mean, |

[-] o o
52.7 | 463 | 40.6

[+]
35:1 | 46.

5t
4

|t Kefwick

539 [47:1] 413

147

354

3

The



ae0  Obferwations sn the Theyinometer.

The annual mean at Kefwick may perhaps be ftated more
-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 of-
der to determine the true mean, has not, that I know of, .
been afccrtamcd. i

I made the foﬂowmg obfervations on the temperature of
& pump well, the furface of which is ufually from g to 6 feet
‘below that of the ground ;' at the end of January its heat
was 45°; February, 45°; March, 46°; April, 46°.¢;
May, 4.8"; June, 50°; July, 51°; Auguﬂ, §2°; Sep-
tember, 50°; O&ober, 48°.5; Novcmber, 47°.5 5 Decem.
ber, 45°»—-—-—'I‘hefe obfervations give an annual mean
'°f47 08. i . ot

About the middle of June, 1793, T found the temperature
‘of fevéral ‘wells in Kendal, after having pumped a'few gal-
lons of water from each; fix of the deepeft, being from 5 to
.10 yards below the. funfacc of the ground, were Juﬁ 48¢
ceach ; three other deep ones were 4%°.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 d(.ep oncs,
1 Believe, in general are fubje@ to very little vanauon in
temperature all the year round.

JFrom thefe obfervations on the temperature of wells, I
am inclined to think, the heat of the earth at rfo or more
yards depth ie not the fame, at Kendal, as the mean heat of
the air, but; fomethmg‘ greater, Perhaps this is a gcncral
fa&t ; the témperaturc of the cave of the obfervatory at
Paris, which.is 30 yards below the. pavement, is 53°%4;
whereas the mean heat of the air there, is ‘only §2°——How-'
ever this may be,. [ 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 Iﬁ'grometc}‘; ~

HE hygrometer is an inftrument meant to

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

Some of the grcateﬁ phllofcphers of the pres.
fent age lmve been cndeavourmg to impravel
thofe inftruments of this defcription we have al-
ready, and to invent others lefs objectionable
but [ prefume the objedt is not yet fully attained.
—To aflcertain the exa quantity of water in 2
glven quantity of air, and alfo the dxfpoﬁtxon 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 mtcnded hrevity to enter
into a detail of the different inftruments lately
propofed, with their refpetive merits and de-
merits ; we fhall ‘only obferve, that moft fub.
ftances are affe&ted more or lefs with the dryncik{
and moifture of the air, parncularly animal and
vegetable fibres, which become turgid, and con-
traét by being expofed to muoift air. Spungc,
paper; &c. imbibe moifture, and become alter.

nately



32 Of the Hygrometer.

.nately lighter and heavier by being expofed to
.the 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 contraéts is amaz<
ingly gréat. 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 ot
100lbs. to the end of a rope, which was alter.
nately raifed and lowered by the moiflture and
drynefs of the air, as a fmall weight would
kave beep.®

Obfervations on the Hygrometer.

THE only hygrometrical inftrument I have ufed, is a
piece of whip-cord, about 6 yards long, faftened to a pail,
at one end, and thrown over a {mall 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 moderate circulation ; ‘the feale is-di-
vided into tenths of an inch, and begins at no determined
point ; the greater. the number of the fcale, the longer is
the ftring, and the drier-the air, This ftring has varied in
length above 13 inches, or % of its whole length. The
obfervations were taken three times a day the two firit
years, and once a day after, namely, at noON.~e—wseeThe
refalt follows. .

Mesn



®Lfervations en the Hygrometer. 33

Mean Slate of the Hygrometer, at Kendal.

‘ an of
1788, 1789. 1790. 1 1791, | 1792, :mﬁo‘i«

january 40.3 | 834 Bs 85 |102.6( 79:3
February | §4.7| 81- ] 92.8] 97 |100.5) 85.2
| March 8: | 106 |[rog |105.7| 112 102.7
' Apnl 85 ‘| 112 {1317 { 116 {125 | 113.9
May 116 | 123 (129 | 123 |128 | 1238
June 127 | 127 |129 |35 |137 |l 131
July 204 | 126 126 131 |134 | 124.2
Augu(t 113 {132 ‘{121.'|129.6| 138,5 {.126.8
September| 108,5 | 114 117 129 | 1209 1172
Octtober |102 | 104 |109 | 119 |[123.3 | 111.5
November| 87.6| 99 |104 | 113 |106.4] 202
December| 100 85 | 92 |1o7.7]102.601 97.%
An,means) 93.3] 107.7 | 1121} 115.9] 1¥g.2
Drieft 138 {140 |14% | 144 | 150
Moilteft | 15 | 63 71 63 83

It is obvious, from the means of the feveral years, and
likewife from the extremes, that the cord has been incrcaﬁng
in length each year, {o that, in fimilar fates of the air, the
index pointed at greater numbers each year fucceffively; this
increafe too appears to have been nearly in arithmetical proa
greffion 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 Rtate of the hygrometer in the different
months of the year; thus, if the months of June or July
be taken for a ftandard of compatifon, then the means of
the preceding. months muft be increafed, and thofe of the
following diminithed, in fuch proportion as the annual ina
creafe fhall rcqmre.

-

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

F SECTION
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SECTION FOURTH.

- Of Ram—gaugex, and an account of the quantity
gf‘ rain that fell ot Kendal and Kefwick,
in the years 1788, 1789, 1790, 1991, and
1792, together with the quantity at London
in the three firf? of thefe years.

TI IE rain-gauge is a veflel placed to receive
the falling rain, with a-view to afcertain -
the exa@ quantity that falls upon a given hori-
zontal furface at the place. A ftrong 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. ' f

'Tn order to determine the depth of water thag
falle in the open field, with this apparatus, we
muft have given, 1ft, the wught of the water «
‘caught in the bottle ; 2d, the area of the aper-
ture of the funnel; and, 3d, the weight of a
cubic foot of water, which has been found equal
to 624ibs. avmrdupmfc. Then, if 4 = 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 menfuratlon,
20736 .



Of Rain-gauges, . 35 -
/;2,5’ ‘ '
—— = the depth of water, in inches, thgt
falls upon any horizontal {urface at the time and

place, as required.

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 fufliciently accurate, when-
the funnel has 8 or 1o inches diameter, not to
weigh the water-each day, but to mecfure it,
by means of phials, &e. fuitable for the purpofe,

IN the following account, we have given the amount of
the rain each month, at Aendal and Kefwick, for § years,
except for 3 mouths at the laft place; and alfo at London,
for 3 years: the laft is taken from the Philofophical Tran~
fadtions, The rain at the two before mentigned places was
taken each evening at 8 or 10 o’clock. To the account
we have added, the number of wet days cach month, or
thofe on which the rain amounted at leaft to .001 of
an inch. S

N. B. My rain-gauge at Kendal is 10 inches diameter;
and Mr. Croffhwaite’s at Kefwick about 8 ¢ they were both
GLufficiently diftant from trees, houfes, &o

Faz 1788



36 Account of Rain.
1788.
At Kendal. {[ At Kefwick. At London,
Inches of rain.jwet days Inches of rain.[wet days}; Inches of rain.
Jan. §.6160 | 20 0.439 .
Feb, 3.3004 23 1.461
March} 2.8183 16 0.336
April | 2.9047 16 || . 3.9204 22 o.607
May 1.1872 10 || 2.0840 9 |I. 0497
June 2.3137 71 36876 1 -9 || -3.275
July | #0323 | 28 || 6.3757 | 28 || 1’620
Aug. | 3.0883 | 18 5.0771 19 ||~ 2.609
Sept. | 4.6756 | 19 7.1382 23 3345
Oé&. 2.1220 1! 1.7537 13 0.103
tNov. | 3.0460 | 18 3.2841 | 17 |l og10
Dec..| I.1470. 7 0.9849 {12 |
Total | 30.2575 ] 193 | 34.3057 | 152 | 14.802
from Mar, 27.5168| 134 ||
17809.
At Kendal. [ At Kefwick. [lAt London.
Tnches of rain.wet days Inches of rain./wet days | Inchea of rain.|
Jan. 7-343 - | 22l 8.5435 | 26 || 1.345
Feb. 8.924 | 24 9.0442 27 x.6o05
‘IMarch| " 1.347 15, 13245 | 21 || L.549
April | 4778 197 || 442383 | 21 [ 0.957
May 5.388 20 .| 3.6611 25 1.103
|June | 4.311 18 | 7.0637 | 19 | 84244
July |} 6.389 25 5.2970 26 2.467
Aug. 1.556 12 | 3.4569 14 1.804
Sept. | 5.436 | 24 | 72709 | 24 || 215§
O&., 6:864 21 8,0907 25 3.253
Nov. 5.451 16 6.0965 21 1.244
Dec. | 12,048 | 28 || B.ayy6 | 27 1190
Total | 69.835 | 244 || 72.2449 | 276 21.976

1790,



Account of Raix. 37
1790,

At Kendal. - At Kefwick. {|At Londony

+ [Thches of rgin.wet days|Inches of rain. wet days!| Inches of rain.
Jan, 6.567 18 59377 19 || ©.967
Feb. 3.662 15 40124 | ‘17 0.11§
March! 1.606 10 1.3228 Io 0122
April 1.960 | 1 2.3198 | 17 1.470
- {May 2.645 “| 14 3.4588 18 || - 2.898
-{June 4.114 17 | s5.x077 | 2r o.708
July 7804 .| 2% 6.2509 24 1.700
Aug. 6.200 26 58524 | 26 | 1,991
Sep. | 6,682 16 8.3950 20 ©0.368
&, | 5382 | 13 6.1304 | .16 1.108
Nov. | 5345 | 12 | s.0550 | 13 3.513
Dec. 10.306 24 | 1o.9010 34 2,003
Total | -69.363 | 203 | 64.7439 | 225 | 16.052

1791, 1792

At Kendal. JAt Kefwick.|| At Kendal. { At Kefwick

Inches of wet || Inches of | wet || Inches of | wet | Inches of | wet

tain. (days.| 7rain. ldays, rain, 9332“ rain. . |days

Jan. | B.369 | 28]|11.3574] 28] 4.120| 13} 4.5041] 15

Feb, | 6.641 | 16)| 9.2244| 21| 5.820| 14}l 4.9875| 20

March| 3.641 | 17| 3.1231| 19 6.684 | 23] 9.6261] 26

April | 4810 17| 3.3190| 21{{10.091 | 16[11.6460 17

May | 3.983 | 18| 3.9963| 18| 5.922 | 19| 6.5167} 31

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

July. | 6.344| 18] 8.2060| 20|l 5.926 | 21| 3.8643| 20

Aug. | 5.165| 17| 5.8852{ 16| 7.398 | 18| 5.9704| 16

Sep. 3409 10| 2.771%] 11ji11.229 | 28 10.6179| 25

GC&. | 5.505| 22) 7.1272] 23| 6.028 | 20l 6.7357| 21

Nov. | 6.463 21 B.7238| 23) 6.030 | 18| 5.8350 14

Dec. | 8.375 v7.8050 23(12.122'! 27|11.6404' 23

' Total Tzoo lzxg 73:5522/241)84.884 1233 84.6051\23_81

Mean



38 Jccozmt of Rain.

Mean monthly rain and number of wet days, at'Kendal and'
Kefwick, for all ihe § years.

At Kendal. Ar Kefwick.
|Tnches of rajm/wet dags. || Inches of rain, Wet days,
{ Jan, 6.403 20 7.3558 | 22
Feb. " 5671 | 18 6.1624 | 22
March 3.219 16 3-7324 |. 18
April 44909 . 16 5.0887 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
Oéto. 5179 18 5.9675 20
1 Nov. §.267 | 17 5.7989 .|. 18
Dec. 8.800 22 7.0018 |- 22
Total 64.506 | 217 68.5495 | 24)

"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 K¢/wick on that day, was fome-
thing lefs; but taking both the 22d and 23d, the rain was
mearly equal at both places, .

Befides thefe 2, there were other 2 days, -at Kendal,
when the rain was betwixt 2 and 3 .inches, and §6 days
'ictwi;t f and 2 inchea.

At Kefwick, for 4 years and g months, there were 3 days,

pefides the 2 above mentioned, when the rain was between
# and § inches, and 52 days between 1 and 2 iaches.

SECTION
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SECTION FIFTH,

Obfervations on the Height of the Clouds.

R. Crofthwaite, -of Kefwick, has availed

- himfclf 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 cafc.-—Pcrhaps
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 impracticable. -

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

journal;
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journal, every mornmg, noon, and evenmg, the
height of the clouds, in yards, above the level
of the faid lake, when their height did not
cxceed 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 200
yards high in the next column, &c.—In order
to determine what effe¢t the feafons of the year
bave upon the clouds, in this refpe, we have
kept the obfervations in the feveral months di-
ftinét.—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. Crofhwaite has noted this laft circum-
ftance alfo, in the journal, and it appears, that.
about 1 obfervation in 30, of thofe in that co-
lumn, fhould be deduéted on that account.

Clouds -
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Blelal 2| g alelalg®
AEEEE A I H I
SIB|BE g E|E|E|E i
EERRIRRIRIEIREE g §
;§§~§~§»§§§§a‘ggo
olglelalelalelelele|| S| ®
18]3/8 8 8] 8 88858 g%
t5|§ . g < | &
HHHEE I LI L
Jan. | o 912 28 53| 39| 37 32| 30' 39! 36 116 431
Feb.| s|10| 5| 15! 41| 45| 45| 27| 43} 38 29| 94/ 397}
Mar.| 2| 1|6 11| 22] 40, 32| 36| 24/ 32, 44| 184| 434}
Apr.| of 4| 5| 18] 24/ 34/ 37 26| 23| 38 35| 206) 450
May| of 1| 4| 8] 13 31| 22} 25 30| 34| 27| 270| 465}
June| of 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} 465
Aug.| of 4| 5| 13| 27| 39, 35| 26 25| 45| 30| 215, 464
Sep. | o 1| 7| 13| 38| 38, 32| 30| 27| 51| 27| 186, 450
O&. | 2| o| § 13 26 49| 31| 31| 46| 61 37' 164 465
‘INov.| of o} 3 13} 30| 58 42| 38| 46| 45| 47| 128 450
Dec.| 1} 8 6| 23) 41) 53| 39| 50| 47| 45 35| Li1] 460
Total|10{4262'179|3741486 4161367410 518i419'2098 5381

It may be proper to obferve, that the fuppofition of the
clouds rifing or falling with the barometer, or as the denfity
of the air increafes or diminithes, is not at all countenanced
by thefe obfervations,—Alfo, that in very heavy and. con-
tinued rains, the clouds are moftly below the fummit of the
mountain ; but it frequently rains when they are entirely
above it.

G SECTION
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SECTION SIXTH.

Account of Tbunder;ﬂormm and Hail-fhowers.

WI' fhall arrange the dates and accounts of
~ thefe, in the order of their f{ucceffion.
When the diftance of the thunder i1s mentioned,
it is calculated by obferving the number of fe- -
conds between feeingﬁthé lightning and hearing
the thunder, and allowing 1142 fect of diftance -
for every fecond of time.

T bundar;ﬂ&rm; at Kenaal,and‘ Kefwick.

‘17880

May 26 Several loud peals of thunder a little before 7,
and again before 9, P. M, the laft very necar, at Kendal,
‘The fame at Kefwick, at 7 P. M. wn.b a few drops of rain,
—The ftorm from the SE.

July 3. From 6to 7 P. M, much thundcr, and very heavy
Jhowerx at both places. It came from the 8.

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

from the NW. at Kefwick.
‘Auguft 16. At 74 P. M, a tremendous ftorm paﬂ'ed on

the SE. of Kendal, 8 or 10 miles diftant; 20 or 30 flathes
and reports fucceeded each other in about half an hour,

September 26, Diftant thunder in the night, at Kendal,
At 75 P. M. 2 claps at Kefwick, with much rain,

1789»‘
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1789.

April 27. At 35 P. M. fome loud peals of thunder, at
“Kendal. ;

May 13. From 6} to 7 P. M. feveral loud claps of thun-
der, diftant, at Kendal.~~Between 7 and 8 P. M. much
thunder heard at Kefwick, from the SW.

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

June 1z, Diftant thunder in the evening at Kendal,

w19, Diftant thunder P. M, at Kendal.

20. At 1 . M. feveral claps at Kendal ;—the.ftorm
returned at 4 Py M. and there were 3§ peals in 3 of an hour,
many of them uncommonly loud, and near; therc was rain
in the mean time, but not heavy.

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

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

July 4+ Dittant thunder at 2z P. M. at Kendal—Toud
thunder, and heavy fhowers, P. M., at Kefwick.

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

10, At § P. M. a diftant thunder clap, at Kendal. «

—10. At 2{ P. M. dnﬁant thunder, at Kendal,

——21. Pat § P. M. 5 loud peals, at Kendal; and dif- +
tant thunder, at Kefwick.

Auguﬁ 29. P, M. fome thunder, with heavy rain, at
Kefwick.

September zg. After 9 P. M. much diftant thunder, with,
fhowers, NW. at Kendal.—At 8} P. M. one long and }o.ud
peal, at Kefwick.

Septembcr 0. Diftant thunder in the night, at Kendal.,

1790,

April 26, ‘At 1 P. M. fome peals of thunder, at Kendal..
May 16. At g P. M. one loud crack, from the E. at
Kefwick,
V G2 1790,
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1790.

May 17. At 113 A. M one loud crack, and a heavy
fhower, at Kefwick.

June 9. From 6 to 10 P..M, much thqndcr, with little
rain, at Kendal,

June 16. Diftant thunder in the evening, ‘at Kendal*‘.-—-
At 84 P: M. feveral loud claps, at Kefwick.

June 22. From 6 to paft 8 A. M. much loud thunder;
with rain, at both places.

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

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

1791,

January 5. Loud thunder in thc night, with hail, at
Kcfwick, - ,

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

June 4. Betwixt 1 and 2 P. M, feveral peals of thunder,
at Kendal. The laft of them was the moft remarkable one
ever remembered at this place s=—inflantaneoufly after the
flafli, was hcard a very loud and tremendous crack, exaéily
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, excceded in quantity what has ever
been produced here on a fimilar occafion, for 6 years at leaft ;
there. fell upwards of one inch and a half in the {pace of three
quarters of an hour, though a confiderable part of that inter.
val was moderate rain,

N. B. It is remarkable that thc barometer was f’cauonary
all that day, and fo high as 30.06,

1791,
% There was, this cvening, about Prefion-hall, 6 miles from Kenda,

ene of the moft cxtraordinary torrents of hail and rain, atended with.
thunder, that is upon record.
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1791,

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

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

18, After 2 P, M. {everal clapa, 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 fhowers.

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

Auguft 16, From g} to palt 7 A, M. much thunder at
both places, and heavy, rain at Kefwick,

Oftober 20. At 8{ A. M. one loud clap of thunder, at
Kefwick, and much lightning from y to 19 P. M.~=heavy
rain all day.

“December 35, Much thunder from § to 7 P. M. at
Kefwick.

1“792.\‘

April 13. At 3 P. M. much dl(laﬁt thunder, at Kendal,

May 27, Between g and 4 P, M. fomc thundcr and rain,
at Kendal,

July g. At7 P, M diftant thunder, at Kendal.

e 16. P, M. much thunder, at Kendal. DBetween 6
and 8 P. M. loud thunder, at Kefwick, :

July x8: At 8 A. M. thunder, at Kendal,

~—25, After 6 P, M. thunder, at Kendal.

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

O@tober 14. In the evening, lightning ; and at 10, diftapt
thunder, at Kendal. From 6 to 11 the fame evening, light-

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

Days
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Days on which HalL has been noted in the fournals
at Kendal and Kefwick.

Hail at Kendal. Hail at Kefwick.
1788, 1788,
January 18.° ' April 4. Nov. 4. Dec. 26 & 31.
178¢. » 1780. ‘

Jan, 18. Mar. g. April 26Jan. 15. Feb. 11. Aprivl I, 11,
10&. 1. Nov. 14. Dec. 15|& 24. June 27. Sep. 14 & 30.

1& 16. O&, 1 & 30. Nov. 13. Dec.
: 15, 16, & 31. ]
.1790. 1790.
Jan. 27. April 25. Aug. 3.|Feb.16. April 11&14. July31.
Dec. 11 & 15. Sep. 2 & 3. Dec. 11 & 13.
‘ 1791. 1791. T

Jan. 5, 7, 11 & 13. Feb, 1{Jan.2,4&5. Feb. 11,15 & 18,
& 11. Mar. 21. May 21,{Mar. 21. May 18, 20, 22, 23,
22 & 23. June 4 & 12. & 25. June 12 & 21. July 5.}

; O&. 8 & 24. Nov. 5, 16 & 28.

1792, 1792.
Mar. 19. May 22. O&, 17.{Mar. 7. May 1 & 2. June 30.
[Dec. 6 & 22. Sep, z0& 21. O&.18. Nov. 13,

~ N. B. The winds that bring hail-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 molt liable to thunder-ftorms and hail-fhowers,
we have colle€ed the feveral obfervations, at both places, in
sach month of the year, into one fum, and placed them below,

Jan, Feb, Mar. Apr. May June July Aug. Sep. O&. Nov. Dec,,

~Thunder 1 © o 3 7 § 12 7 4 2 O 1
Hail 1x 7 5 8 13 6 2 1 6 7 9 13

SLECTION
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SECTION SEVENTH.

Obfervations on the Winds. |

Have before obferved, that my obfervations
. on the winds refer them all to 8 equidiftant
points of the compafs, and to 5 degrees of
ftrength, marked o, 1, 2, 3, and 4, refpetively,
Mr. Crofbhwaite has referred them to 32, or the
whole number of points, and to 52 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 cvcmng 4

It may be obferved, that the high winds do
not in general differ materially, either in ftrength
or dire&tion, 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 direion; probably the moun-
tainous fituations of the places may have fome
influence in this laft cafe.

Here followa Tables contaxmng thc number of obferva.

tions on the windy-each year, in all the different directions,
at both placca

- WINDS&
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WINDS AT KENDAL.
Years.| N. |NE.[ E. |SE.| 8. [SW.| W, [Nw.[5umb. of
1788 {131 | 139| 40| 79| 91|186| 84| 87| 837
1789 | 94| 118 38| 49| 94 (309 76| 46| 824
1790|100 | 195| I7{ 21| 25(329|137; 47| 871
Je79t| 621 259] 16| 33| 19{440)138| 50| 1017
1792 | 51| 2041 33) 24| 35472 921 33§ 1°34
otal | 438 |1005|'144. | 206 | 264 |1736] 527 1263 || 4583
WINDS AT KESWICK.
. 3 1 N b.oﬂ »
Years, N. NE. E. bE. 8. |SW.| W, \NW. Q‘b"r;‘mt_
1788 46) 50158 98 |137 105 | 238 115 || 945 |
1489 53| 47150120 180|146 211|119/ 1026 }
1790| 32| 62|143)|105 1134 174| 237| 89| 976
1791 | 44| 731133| 66)117|225) 2z57| 67| 98z
1792 49| 84139 88|164(213| 219 49 || 1005
Total| 224316 723 | 477 | 732 | 863 1162|437 || 4934

To thefe tables we fhall fubjoin an account’of thofe days
en which the higheft winds prevailed, at one or both places.

Higheft winds, marked 4, at Kendal and Kefwick,

1788,
Jan. 19. March 16, April 1 and 3" Dec. 26 and 27,

17809,
Jan. 13. Feb, 2, 3, 4, 11, 15, and 24. O&. 1. Nov. 13,
chc. 15, 18, 19, 20, 24, 25, and 30.

: 1790,
]an. 11. Feb, 12 and 26. March 10, June 19, July 5.
20, and 21. O, 12, Dec, 15 and 23.

1791,
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1791,

J'a:i. 4 55 Ty 8 11, 12, 13, 15, 17, 18, 19, 24, 25, 23Qy’
‘and 3o.~—N. B. Thefe winds were all W. or SW. except
on the 18th and 1gth, SE. Feb. 1, 10, 11, 12, 15, I8,
19, and 22, March 4, 18, 19, 21, and 23. May 17 and 19.
June 16. O&. z0. Now. g, 11, 12, 19, 26, and 27. Dec. 1,
13, and 25.

1792.
Feb. 2. March 18, April 2, 15, 22, and 23. Sept. to.
OA&. 1, 2, 3, and 31, Nov. 18, 19, 20, and 21. Dec. 4, 35,
6, 9, 1o, 11, 18, 20, 22, and 23,

In order to determine what months of the year are molt
liable to high winds, we have found the amount of the
number of days in the feveral months, on which the higheft -
winds were obferved, according to the above account.

Jan, Feb, Mar, Apr. May June _]uly Aug, Sep. O& Nov. Dec,
18 17 8 € 2 2 3 o 1 7 12 24

SECTION EIGHTH.

Account of the firfh and laff appearance of
Snow, each winter ; the Frofft, Snow, fe-
wr:{y of the Cold, e.

OST people know that fnow firlt appears

in general upon the mountains; and the

higher thefe are, all other- circumftances being -
the fame, the fooner their fummits are.covered
H ‘ with
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with fnow ; if they exceed a certain height (which
varies with the latitude) fnow continues upon
them all the year round, or is perpetual ; but this
is not the cafe with any mountains.in England.

“The higheft mountains feen from Kendal are
to the NW. and do not exceed 6 or # hundred
yards in height, as has been obferved; ‘it is
thefe of courfe that are firlt topped with fnow.
The mountains in the neighbourhood of Ke¢fwick
are much higher.

The firft appearance of boar fra/i, each au-
tumn, has been pretty carefully noted, but the
laft appearance of it, in the fpring, has mot, it
being inconvenient at that feafon to make ob-
fervations 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 before or after which, upon an
equalxty of chance, the events may be expeéted
in future.

[The fummits of the

Laft foow feen on the|
mountains, in the

{pring.
Kendal. quwwl
1788 May 3c|func 6
1789 iMay tyJune 30
1790 April25)April2y
1791 \Jnne lz‘june 12
1792 May 1 Mar, 13

mountains covered
with fhow.

{The firlt hoar froft

!

on the grafs,

Kendal, [K efwick, g

Nov. 1 15 Nov, 13,
O&. 13,0& 29

Oé. 22'08. zzl
Nov, 15 O&. 9‘

Nov 22!Cé. 31{

Kendal. | Kefwick.),
"Sep. .15
Sep. 17
Sep, 4

13

\Nov.  80&. 27|

04&. 13
Secp. 165ep. 150"
\Sap 19

Mean! May IG\Mav 1y

Sep. 20
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 z inches deep, both at Kendal and Kefwick.

In the beginning of December the froft fet in, and con-
tinued for 5 weeks; the mean ftate of the thermometer for
which time was 28°; and at the end of it the froft had pe-
netrated 16 or 18 inches into the groundw—Above 3 inches
of fnow fell on the 31t ‘

1789,

Not much fevere froft after the middle of January.—
8now on the 14th and 218 of the fame.  Much fnow from
the gth to the 14th of March; about 6 iuches decp, at an
average, both at Kendal and Kefwick.

Froft in November ; very little in December.

1790.

Little cither froft or fnow, in the beginning of the year.
On the 19th, 18th, and 10th 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 1oth of December, a very great
quantity of fnow; the average depth, st Kendal, was r1
inches, which was the greateft obferved there for 24 years
paft; the average depth at Kefawick was about 8 inches.

It 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 it fell
afterwards. At Kendal, the thermometer at 84 P. M. was
«— @° upon the fnow ; afterwards it fell to —10°; in the

H2 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 no
lower than 3°, whillt it was — 10° to the N. of the river,
and the air quite clear. The next morning the thermo-
meter was at 18°, and the day windy, with fhowers of
faow, hail, and rain,

Probably the cold at Kefwick was 2s extreme as at Kendal,
Mr. Crofthwaite’s loweft obfervarion 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 as this,

1792,

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

SECTION TENTH.

Account of Bottom winds oz Derwent lake.

ERWENT lake is one of thofe few which

are agitated at certain times, during a
calm feafon, by fome unknown caufe. K The
phenomenon is called a dottom wind,

Mr.
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Mr. Croffbwaite has been pretty affiduous in
procuring intelligence refpeting thefe pheno.
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 fubjeét. ~

N. B. The lake is near Kefwick.

The following is an account of the times and cir-
cumftances of the feveral obfervations.

1789.
April 50. From 8 A. M. till noon, the lake pretty much
agitated. z
Auguft 9. At 8 A. M. the lake in very great agitation ;
white breakers upon large waves, &c. without wiad.
Augult 27. At g A. M. a {mall bottom wind.

1790.
June z0. At 8 P. M. a bottom wind on the lake.
OQober 11, At 8 P. M. a bottom wind on the like.

December 1. At 9 A. M. a ftrong bottom wind on the
lake,

1791,

The phenomena that took place this year, if any, were
mot noticed.

1792.
O&ober 28, At v P. M, a bottom wind; the water
much agitated,

SECTION
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SECTION ELEVENTH.

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

HE surora borealis, or that phenomenon
which in England is called the Northern
lights, or fireamers, has appeared frequently to
all the northern parts of Eurgpe fince the year
1716, though it feems to have been a rare phe-
momenon before that time.

Sometimes the appearance is that of a large,
ftill, luminous arch, or zone, refting upon the
northern horizon, with a fog at the bottom; at
other times, flathes, or corufcations, are feen
over a great part of the hemifphere.—~We fhall
defcribe the general phenomena more at large
in the effay on the fubjeét, 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 Lif}.

IN the firft column we have given the month and day
en which the aurora was feen; in the fecond, the hour
P. M.s when wo hour is mentioned, it is to be underftood
to have happened between the end of the twﬂxght and 10

o’clock. Thc 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 aurora ; the fourth contains the days in like mannex.
betwixt «the full and the aurara; the reafons for thefe two

columns’ will appear in the Effay. In the fifth column we

have chara&ecrized the aurora, by one or more words : fill,

denotes the northern horizontal arch; and a&ive, denotes .
thofe appearances when diftinét flathes and corufcations
were feen: but this diftinétion was not always attended to,
and if it had, the awrora often exhibits both appeatances at

the {ame time; grand, denotes a large difplay of ftreamers

over great part of the hemilphere; bigh, denotes near the

zenith, and Jow, near the horizon, apparently.

N. B. The dates of thofe- obfervations not charaéerized,
I received from a friend ; they may be depended on as
authentic,

A Lift of the Aurorz Boreales obferved at Kendal
and Kefwick, for 7 years, namely from May
1786 to May 1593, together with the moon’s
age at the refpective times of obfervation.

N. B. For diftin&ion’ fake we have marked all thofe
that were obferved at both places with 2, and thofe obferved
at Kefwick only, with 1; the reft were obfcrved at Kendal
only.—~Thofe marked b, were doubtful oblervations, from
twilight, or other caufes. ‘

= 22 =) 13
i @ % | Chara&er. e ®% | Chara&er,
8la| ™ gLl A ~
: - A
1786, | A 1786, b | 1A
May 1 3) Sep,21]” 12914
11 lsi [ 1 4
22 {24 9 —a9 |7
July 15) |20/ 4 iO&' 13l 217 6
AUgll 17) 2 ' ‘25 3 i
17 |23 8 Nov.rgl 123! 8
Sep. 8| |16/ 1 Dec.2g| | 5]  [active, low.
~——10! 12712
,;:—-—zg 23.13 ' Number 16{

1787,
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1 gl (==
E Bl | E B2 |
t o[ Charader. Slal| Charaer.
Blal AP .
1787. T |e 1788. EW a
Jan, 12; [23] 9| Jan. 13) 8 5| ltrandient
24, 5 14] 8] 6 [large, fll
| ) 6 ——15| 9 7 large, ftill
Feb. 22 4 Feb, 4i 927j12)till
Mar.21{ 8] 2| [a&ive, high 6] 129(14[a&ive, high »
[——24| 8| 5| [attive, high 2l | of jlmall 1
Apr,ag] 9| 1} |high, o 8 1] |faint, fill
—20] | 2| Jhigh. p jm——12! 1 5| la&ive,fmall 1
|26 8 l|adtive, low Mar. 711} of [|a&ive, {mall 2
May 12| |a4/10)faint, o —— 8| | 1] [allive, fmall
——16] 9|28!14}high. » - ~——28i10|21| 6lbright, large
{———1%| 9| of [active Apr. r'rozgire]
l——18i11] 1| {a&ive | 3310 27|12]large, grand
June #%j11)23) 7jadtive l—— 7.10] 1] laglance, cloud
Aug. 7| 9]24! gjaive Hr412{ 8 7
f——19[10| 6| Jadtive ——z7,10[21| 7|ltill, low
Sep. 19| 9| 8 bri%‘ht, fill ——28 10[22| 8jalive, high 2
O&: gi1ol2z| 4iftil ——20 023! o|large, ative
—— 6{10(24/ 9lallive, faint  {l——n30 10(24{10|/il]
—— 7|10[25/10aétive, large  IMay " 1/10(25]11]a glance, clouds
——17]11) 6 Jafive(s) ~ ' j—— 4]10[2B'14/tranfient
19| 9| 8 |[Rill ——10{10] 4| |high. D
Nov. 4| 9[24| ollarge, bright |e—y110| 5| [large, Rill
~—— 8| 8j28|13large,bright (§)il——24|1018] 4lverygrand(c) 2
——28| o[te| 3|ftill, fmall ——-2§i11]19 5jgrand ‘
29| 9/20| 4!ftill, {mall fr——z7(10{21| 7lactive
—30] 9121} §ftill, fmall June 3| {29[14ilarge. »
| 1 Number z7.|July 30| |27|12/active
1788, Ang. 110} of [|ative(d)
Jan: gl 6 1| [ill, low — 2|10 1 ?&']vc
——10| 8 2| [fill, large z |~ 3|ro| 2| |fmall
——11] 8 3] |fill, faint ——19j1018] large, ﬁ,'»“ 2

(a) A heavy fhower, with thunder, juft before.
() Several flathes of Lightning with it, after a very wet day,

(¢) From 10 to 11 P. M. uncommonly brilliant, alive ftreamers over moft of
#he hemifphere s they were faid to be heard,---Not much Inferior the next nights

{#) Spiendid ftreamers, extent from NE. 10 W. j no fog bencatin

1788,
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; <] L= L=
e B 5
“g ‘%] Charadter. £lwlE}] Charaier.
: Sial® BN
1788. o 11789, E,_..ﬁ :
Aug 23] 122)7 verygrand{a)2|——29] | 3| - jaglance, cloud
——20/1028]1 3jative 30l | 41 leglanee, éloud:‘
IScp 2] | 2| |l Apraz| |17] 2l
e 6;» 6] |aglance, cloudsgl——ig| [18] 3 Mlill 2
10 (Lo Ifatnt, Qill ——30, | 57 jdilt
Od. 124wtz |lll June r2{t0[1g| slaétive
21,1022 6 ilill Aug 13| |22] Blaive, high 1
24l |25] g ftill ——14/10)23) 9lattive, high
27| [2Blx2/till 3 —— 15! glzq{roltill :
——30| ¢/ 1{ |fill {l~——1610/25 1 5]itill
——31] 9| 2| |large, ftill | 1 7]10/26|1 2/iLil]
Nov. 1 3t (il —— 1810127 1 3ja&ive
~—~—19| gl21| 61l ——19[102814]ative, high
a2 o| |faint, ftill f——20l10] 0| la&ive
—~28 11} jbright, fill 25 | 5 lative g
g0l 7 3| fll Sep. 14{10(24{10/fkills (d)
Dec.2r| |24 84l 2 ——15t0)25] 1 1]iill
——24] |27112&ive l——z0|t0| 1} [fine, a&ive 2
- A i | Number 53 {~——23 4} \fine, clouds
1789, $ ‘ 26} |7 wrand(e) 2
Jan. 11] |rs] olfill 0&. 18 [ o] [jative
Feb 15] |20 giative, fmall 1 |[——19/1%| 3| [ative
23 11128 13 aftive [~—z20| | 2| lgrand(f)
——26,10 1; large, aktive |23/ |5 large, flill 2
28 | 3! (large,bright(4)|™25 7 Rf“
{ () 2 flilk
Mar.14' |17, 3verygrand(c) 2 7 8 9 il
16 lig' 5 Qill, (mall =~ =81 8131 Ut
1 1780,

;(“) Soon after 8 P. M, a broad arch was obferved, extending quite acrofs the
heavere, through the zenith, from E.'to W, nearly ; but its cafiern extremity ine
¢‘l[led to the northy and its weflern to the fouth: afterwards an uncommonly
grand difplay of ftreamors over twosthirds of the hemifphere.

(8) At 9L P. M. there was a large bow, like that of the 23d of Augutt laft
{c) Tt-began S, of the prime vertical, and afterwards fpread northward,

{d) Flahes™of lightning, both this evening and the fuccecding.

{e) Moft of the hemifphere finely Muminated with fireamers, .

(ﬂ From S0 108 srami difplay of freamersover great part of 'h..' hemi!}hcr;
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Sie'E| ol
. ‘ b of ‘ ol i gﬁ": | L
oy L: ﬁ-‘;} Chara&er. - © < Charaler.
SR | g &
178g. 00| &l 1790, L — A
Nov. 4, [t7 1ill O¢t. 318 23 8 {till
101123 71t:ll Nov. 71071 il
——14| |27 11bright(a) 2 8 9 z il
19 2| large, fill 2 oo 9! 3 (il
25 4; |ufive 2 1010 4 ftill
22 5, Afine, aive  [——12'10 6 il
——24111] 7 il —— 161010 (ill
——25i10| 8 |fill 27 821} 6finc, ative 2
26 o Ml [=——28, 822 7itill, faint
27110} |aétive 301024 oiltill, {aint
Dec.14] |27 12|ftill, clouds ,I)-;c 251 |19 4/ftil, faint
\ [ [y Namber 45.——28'_| ‘2.3«._7““;‘1',:. faint
{1790 1 .. I_j .1} Number 36,
Jan. 14! 729|135 fill 1791 1° ,
{Feb. 31 |19 4!1{111 Jan.. 6; 9l 2| |very grand ‘2
j — 25|10l Feb. 25, 122, glbright, ftill
Mar. 10| (24| giftill, faint Mar. 31 |2813fill
16| | x) C|fill - 5] 1
17| | 2| - [Rill; faint 7 13 fill 2
f—18| | g [l 26 22| 6jlarge, fill
——19 ' | 4] (iill, bright 5-—-—-«2)* 25} olftill, low
—20 | §|’ ftill, bright [Apr. 3 o| iftill, fmall
Apr. 3 19| 4.l low ‘-——z 177 2iftill
f—— 4 20} 5aflive, low ——23/ 120 § fill
e § izll 6itill, faint —2 5 lzz 7.4till, fmall {
—— B |22/ 7ﬂxll May 1210! 9| |aétive
s 7011 zgi 81l ——2011.17| 2aétive
[—— 9 25 10 {till June 10 |9 aéhvc
—-—-—16 11 2 la&ive Sep 5l | aéhvc :
—17'10 3 llarge, Rill —— 81010 *ﬂxll fmall
May 12} 2B13a&ive —11, 13 i
——14] | of {Rill — 13 15| 1 fill
b—16: | 2| |ill 27| | o il
-—-—-18l P |l 28 1 fill
8ep. 7.9 28 14/0ill Oét. 1] 118} 3#till"
O&, ¢ 1 !fhll faint —1g, 22 7fill -
—1874 10| . ftill 1 ——20 23| 8acttive (¥)

{2) U}htnins afterwards,

1797,
{#) Thunder at a diftance this evenjngs

1
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= = =
|31 | Charaer,’ 0 Sl Charafter.

1 3| ™ - 0 |8

tpor JRL 1| gz (R _|al
O& 22| |25 1oftill, bright 2{June goit¥ 10 . aive
23| 26 11 Rtill (Aug. 4/1° 16 zaltive, fmal]
f——29 2. llarge, bright|——z3l10 6| adive
3 1 4{ altive "Sep. 22[10° 6] bright. fill
WNov 3 71 - {large,a&ivez O&. 12|10 2612 (mall, itill
—— 4] | 8 jfill, faint  |—.% 13}  27l13 very grand 2
—— 5| | 9 |Rill, faint ) 141 28|14a&tive 2 -
(11} |15 1|itill |im—1850 3| {mall
14| 18 4litill 23 |8 dill
17 Jzr gl {3718 16] 2 alkive, low
p—18| |22' 8/iLil} ‘Nov.1g| 0 4 ftill 2

Dec. 1316118 3ifine, altive {Dee. 7231 &l 1 )
——19! |24 g|lill | [ | ]Number 23.
26 oo | 793 T (] ‘ . 2

$ 1§ {Number 37 1an. 115029 14'till, {mall

1992, [ —12 | 0 laive

Jan. glrof1s! ollarie, fill | 13, 1] ttinl

17| . |23 8|iill, faint [Feb. & l2a7 iz ®ill
———18! |24 o|ftill, faint —-——-rz' 2| lgrand 2
Feb. o (17 1jtll 15! | 5| lanareh 2
——17] (2§ offill ‘Mar., 5! 23 84ill

Mar. 2 9 |itill —— 6] |24} 9 ftill
——15| 122 fqllarge, bright 1—-—-—-13! 1 ftill 2
Apr.rol |19 3jvery grand 2 ,-—-——-301 18/ 3 fine, high 2}
11| (20 4lyrand 2. (Apr. 5, |24 9 ill
=16} |25" giftill, bright |—— g |28i13 active 2
May 6] 15 olattive ——

General obfervations on the Aurore before Oober
13, 1792. '

IN making obfervations upon any phenomenon in nature,

with a view to afcertain its caufe, every particular circum-

flance fhould be attended to; for, though many may be
12 found

% A more particular acoount of the fucceeding ones will be given heteafter,
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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 exa& bearing and extent of the large,
#ill, horizontal arch of the qurora, and the pnint in-the hea-
"vens to which the corufcations tend, are amongft the cirs
eumftances of much importance in the inveftigation of ite
saufe, Thefe circumfiances, it muft be confeflfed, were not
accurately noticed, either at Kéndal or Kefwick, previous te
the middle of O&ober, 1792.

As for myfelf, the only minute I ufually made upon the
ﬁu’l aurora was, that it was fituate in the NW. by which I
meant that its centre was ‘between the N. and the W, with.
out once attempting to ‘afcertain the exa bearing of the-
eentre 3 and the corona, when there wae one, is often men.
tioned in my notes, as being fouth of the zenith, byt the

number of degrees was not alcertaiped.

M. Croffbwaite, 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 Wett,
or elfe North ; not one was obferved to have its centre to
the Eaft of the meridian. ‘

N. B. The additional obfervations on the Aurore, beginning
with that on the 13th of Oftobery 3792, will be given after the
next Seclion,

SECTION
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SECTION TWELFTH,

On Magnetifm, and the variation of the Needle,

N order to underftand the additional obfer-
vations, and the f{ubfequent Effay on the
aurora borealis, a competent knowledge of mag-
netifm is requifite; and as the principal faéls
relating to that fubje&t 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 produétion, found in the bowels of the
earth, amongﬁ rich iron ores, of which it is one
itfelf ; its diftinguifhing property is that of at-
tradting iron and fteel, This property, which is
called magnetifm, is communicable to feel, only,
fo as to be permanent; and to iron when within
‘the influence of a magnet, but as foon as the
magnet is withdrawn, the magnetifm of iron
ceafes.

Every magnet has two oppofite points or ex-
tremitics, called its poles ; the one is denomi.
nated its worth pole, and the other its fouth pole ;
and the attraltion of the magnet is {trongeft at
its poles, .

It
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If an oblong bar of tempered fteel (it will
anfwer well if 5 inches long, half,an inch broad,
and a quarter of an inch thick) be rubbed over
from one end to the other, always the faie way,
by cither pole of a magnet, it will be converted
into a magnet itfelf; and that end to which the
pole was firlt applied, will be a pole of the new
magnet, of the fameé name as the generating
pole. By rubbing the new magnet the contrary
way, with the fame pole, its magnetifm will be
firlt deftroyed, and then freth magnetifm will
be .communicated ; but the poles of the new
magnet will be of comrary names to what they
were before. v

Either pole of a magnet attraéls iron, or fteel
not magnetic; but the pole of one magnet, re-
. pels the pole of another magnet, of the fame
name, and atfraéls the pole of a contrary naine ;
the repulfion in the former cafe feems to be
equal to the attration in the latter. ¢

- Magnetifm is fometimes communicated, .de-
ftroyed, or inverted, by lightning, or by an
eleétric fhock, &c.

If a-magnetic bar, or needle, be fuffered to
move freely in an horizontal plane, it will only*
reft in one pofition, when: the north pole points
northward, and the fouth péle fouthward.—
Hence the common needle and compafsy - swhich?

was
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was invented about the beginning of the 14th
century,

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

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 mcridian, and having its north pole
pointing towards the ground; the angle of de-
fletion 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 orie 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 a
magnct ; whether its magnetifm refults from the
uhited influences of the natural magnets it con-
tains, or whether- its magnetifm may be in its
atmofphere, is not certain; and as poles of un-
like denominations attract each other, the fouth
pole of the earth’s magnetifm muft be in the
northern hemifphere, bécaufe it attraéls the
morth pole of the needls, _

' ‘ The
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The variation of the needle is very different
at different places of the globc, and even at the
fame place at different times ; in thefe parrs it is
at prefent wefterly, and is increafing every ycar,
the variation at: London in 1580 was 11° 15" 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 thg 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 variation.
It feems at prefent to be about 72° at London,
according to Mr. Cavallo ; and there is reafon to
fuppofe, it is not many degrees different in any
part of England ; for want of proper inftruments
1 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 feries 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 is
about 7°, and in fummer about 13°%, He more-
over obferved, that the needle was difturbed
when an Aurora boreslis was in the atmofphere.

i . T have



On Magnetifm, &'c. 65’

I have mylelf 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 fubje&.

Addenda 2o the Obfervations on the Aurora
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 fowrh 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 fce 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 theodolite, made
by Dollend, I took it out to make obfervations on the bear-
ing, altitude, &c. of any remarkable appearance.

From 95 to 10 Py, M, there was a large, luminous, hori-
zontal arch to the fouthward, almoft exaély like thofe we
{ee in the north s and there was one of more faint, cofcen-
tric arches northward,~—It was particularly noticed, that
all the arches {cemed exaltly bife@ed by the plane of
the magnetic meridian, At half pafl 10 o’clock, ftreamers
appeared very low in the SE. running to and fro from W.
to E, they increafed in number, and began to approach the

K zenith,
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zenith, apparently with an accelerated velocity ; when, all
on a fudden, the whole hemifphere was covered with them,
rand exhibited fuch an appearance as furpafles all defeription,
—The intenfity of the light, the prodigious number and
volatility of the beams, the grand intermixture of all the
prifmatic colours in their utmoft fplendor, variegating the
glowing canopy with the moft luxuriant and enchanting
fcenery, afforded an awful, but at the fame time, the moft
pleafing and fublime fpetacle in nature. Lvery body gazed
with aftonithment; hut the uncommon graudcur of the {cene
only lafted about one minute; the variety of colours difap-
peared, and the beams loft their lateral motion, and were
converted, as ufual, into the flafhing radiations; but even
then it {urpafled all other appearances of the aurora, in that
the arhole hemifphere was covered with it.

Notwithitanding the fuddennefs of the effulgence at the
breaking out of the aurora, there was a remarkable regula-
rity obfervable in the manner.—Apparently a ball of fire ran’
along from LEi to W. and the contrary, with a velocity {o great
as to be but barely diftinguifhable from one continued train,
which kindled up the feveral rows of beams one after ano-
ther; thefe rows were fituate one before another with the
exa&eft order, fo that the bafes of each row formed a circle
crofling the magnetic meridian at right angles; and the fe-
veral circles rofe one above another in fuch fort that thofe
near the zenith appeared more diftant from cach other than
thofe towards the horizon, a certain indication that the veal
diftances of the rows were ecither nearly or cxaétly thie fame.
And it was further obfervable, that during the rapid lateral
motion of the beams, their dire€tion ip every two neareft
rows was alternate, fo that whilft the motion in one row was
from E. to W, that in the next row was from W, to E.

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

ftare)
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Rars) feen at the time; they feemed below the aurora, and
unconneéted therewith.——It was feen at Kefwick, Leeds,
&e.  with much the fame circumftances; but how far it ex-
tended [ have not learaed.

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

Oétober 14. I did not notice the aurora myfclf this even-
ing 3 there was thunder and lightning, both here and at
Kefuwick, at the time of the aunrora.

O&ober 18. At Kendal. The aurora this night was an
oblong, luminous cloud, about 15 or 20° long, and 4 or 5°
broad, bearing about SE. by . and 10 or 20° above the
horizon ; its fouthern extremity was higher than its northern,
and it evidently lay in the tra& of a great circle from E. to
W.—It difappeared feveral times, and reappeared again al-
moft inftantly ; and {everal times waxed and waned without
vanithing ; no radiations fhot from it.

O&ober 23. At Kendal. The aurora this evening 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 g1. At Kendal, A few beams were feen to vun
to and fro from E. to W. low, or near the horizon: the
moon fhone bright at the time, and the clouds coming on
foon after, the whole was obfcured.

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

‘December 7. At Kefwick, a faint appeasance;; c\bout

5° high,
1793

January 11. At Kendal, a fmall arch in the horizon ; it
rofe to § or 10° altitude, and was bxfc&cd by the magaetic
meridian.

Janvary 12. At Kendal, from 6 to g P. M. a horizoutal,
lumipous arch, z0° altitude, and bifected by the magnetic

K2 . dueridian,
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meridian.  After -9, fine ftreamers ftruck out, and ran ta
#nd fro a while acrofs the faid meridian, and then were cona
verted into flifhes, as ufual; fome vole up to the zenith.
The point of convergency, and every other particular, were,
to all appearances, the fame as have been deferibed before,

The neédle was confiderably agitated at the time,
- Jannary 13, At Kcendal, very bright in the northern ho-
xizon, but clonded above.—The variation of the needle at 6
P.M. 25° W.; at g P. M. 24° 3473 at 10 P. M. 24° 547
next morning 257 4.

February 8, At Kendal, bright northward at 83 P, M.
at 1o, the luminous arch was 16° altitude.~The other cir-
eumftances relating to it follow, fu}w)oﬁn;: the variation of

thc needle at the noon of that d'ly 25° W.

Variation of
H. M. the peedle,

10 — P.M. 25° o W. the arch rifing.
30 10 —— 24 §4 — bright ftreamers, low, with clondes

10 30 me—m= 24 42 ~— ftreamers tilen; f{ine, weltward™®.
10 35 —— 24 37 — a ftill light; clouded above.
10°4§5 ~—— 24 §7 — bright, eaftward; clouds above,
10 55 —— 25 7 ~ light equal, calt and weft,

11§ ~—— 25 7 — bright, low; clouded .above.

15 15 —— 24 57 -— clouded, but bright eaftward.

It was related to the magnetic meridian ag the former ones,
Febroary 12, At Kendal, the aurora appeared foon after
6 P. M. flaming over two-thirds of the hemifphere, The
beams all converged to a puint 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° §'W.
6 35 e 24 49 — altitude of the clear fpace fouth 35°,
6 42 ——"24 55 — alt.of do. 20°; ftreamers bright, eaft,

6 50 25 — :} fireamers bright and a&ive all over

; ; — :; fg - the illuminated part,
Hy

1)

# That isg relative to the magnetic meridian, here and clfewhere,
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M. Variation.

10 P. M. 24°40" W. difappeared in the we&; altive, eaft:
15 24 40 —

20 24 35 — aftive about the zenith; light faint.
25— 24 45 — light faint.

35 —— 24 45 — light faint.

—— ——e 24 4§ — ftrong light northward.

a large, uniform, Rill light, cover-
10 24 45 — ing ’half the ,hemxfphcrc, with
35 24 47 — flalhes now and then.

1§ —— 24 43 ~— ftreamers NW. bright, calt; clouds.

20 — 24 43 — the aurora burfting out afrefh,

30 —— 24 50 — ] as fineand large a difplay of ftream-
10 —— ——— 24 §§ — ers as has appeared this evening.
10 185 ——— 24 §7 — ] the light growing fainter and
10 35 =—— 24 40 ~— fainter.

<A M. 24 57

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

" 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 {pace 30°. The perpendicular beam N.
35° W.; extent on the horizon from ENE to WSW .~

"At 1oh 3om they were fettled in the northern quarter into
an arch of 13° altitude, whence ftreamers fhot up towards
the zenith,

February 15. The aurora of this evening was feen both
at Kendal and Xefwick, and, as 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 direftions of ENE. and
WSW. : on the weft fidc its extremity feemed to touch the
mountains at both placee, at the altitude of 6°; and on the
caft fide it extended about half way to the horizon. The
caftern end was rathcr ovaliform, about 8 or 10° broad, and
“where

OO A0 08y sy a7~y 2
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where it joined to the reft, was narroweft of all, heing but
2 or 3° broad, and bearing SL. ; after which its breadth
increafed towards the welt, being in fome places 6 or 8°.
~—The fky was clear, and there was no sppearance of an
aurora in the north, except two.or three fmall fireamers at one
time, quite in the horizon. The eaftern end of the arch
waxed and waned frequently, and fometimes entirely vanith-
ed, and then reappeared again, in the fpace of a few feconds.
About a quarter paft 10 it grew faint; and finally difappeared.
It did not fenfibly vary in pofition during its appcarance,
and juft before it vanifhed, its fituation amongit the flars, as
feen from Kendal, was as follows :—the fouth edge of the
arch feemed to touch prerty exalltly the ftar lucida collis or
gamma Leonis, to pals 4 or §° above Procyon, thence through
the middle of the confiellation Orion, leaving his bright foot,
Rigel, 2 or 3° to the fouth.

From thefe obfervations it refults, that the greateft alti-
tude of the edge, at Kendal, muft have been about g3°.
M. Croffhwaite found the greatelt altitude of the faid edge,
at Kefwick, to be 48°.  The diftance of the two places, as
has been obferved, is about 22 Englith miles, and it fortu.
nately happens, that they lie very nearly in the dire&tion of
a plane at right angles to the arch; hence, we have the re-
quifite data to determine the height of the arch, which, by
trigonometry, comes out- 150 Englith miles,

The panalla&:c angle being fo fmall, an error of 1 or 2®
in the altitudes, is of great conlequence.—Mr. Crg/]/)fwmle
thinks the error in his obfervations conld not excced 1°
as the light was fleady at the place where the altitude wna
taken,—Admitting the errors amounted to 2° at each place,
which exceeds the bounds of probability, 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 fafcly
confidered as boundaries, betwixt which the true height
was; and hence it may be inferred, that the arch would be
vifible to all Greai-Britain and freland; that it is much to be
wifhed, fome perfons in more diftant places, may have made

fimilar
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fimilar obfervations upon the phenomenon, by which its
height may be determined with more precifion.—In the
mean time we fliall confider it as 150 Englilh miles. . |

Masch 5. T'he avrora at Kendal was feen at 8 PL M. ; it
was a bright Qill light a while, but foon clouded.~——The
needle was not attended to.

* March 6. At Kendal, 2 few fine ftreamers at g P. M,
altitude 15°, and extent along the horizon 70° ; exa&ly bi-
feGted by the magunetic meridian. It {foon dwindled into &
fuint light. At oh 3s5m brighteft on the northern fide.
The ncedle was 25° at gh 4m,—-24 58" at gh 14.m,—--z4
50" at gh 35m,---z4~ 55° at roh 30m;—24° 5§29 at 8
the next morning.

March 13. At Kendal the ncedle was at 8h gom 24 3o ,
~-at 10h 3om 25° 4 ,~—and-at 8 next morning 25° 4",
Theve was a brighinels 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~—r
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 ftrcam-
ers; the arch 20°, and ftrcamers 259 altitude ; the vertical
‘ftreamers bore NNW, At 10, an arch from. WSW. to
ENE. its greateft altitude 30°: no ftreamers.

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

H. M. Variation,

8 35 P.M.25° 5" W.a grand horizontal arch, altitude 6°.
8 40 —— 25 2§ — ftreamers to 30° paft the zenith,
8 48 25 § ~ bright caftward.

8 55— 25 5 — ftreamers faint.

9 ~ —— 25 § — denfe light north; rare above.
9 5—-—-—-25 10 ~ ditto -

9 10 24 §5 — bright weftward. ‘

9 1§ —— 24 §5 — a line, perfe&, horizontal arch.
9 20 — 24 §§5 — altitude of its upper edge 30°

H.
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H M. Variation.

9 30P.M.24°30" W. ftreamers up to the zenith.

9 35 —— 24 35 — difperfed, and not fo high.

9 45 —— 24 58 — faint light ; brightell caltward.

9 52 24 45 — dull light.

IO e e 24 42 ~— dull light ; haze below.

10 10 ——— 24 42 — haze rifen; light fainter.

10 1§ —— ———- — clouds rifen ; light almoft vanifhed.
10 30 24 45 — clouds more rifen,

11 15 —— 24 45 — feveral imall clouds cover the hemif-

8 ~~A.M.24 54 X [phere.

There werke feveral fine, perfe@, concentric arches north-
ward, during moft of the time.—At 8h 48m one fine arch,
the altitude of its under edge 10°. At 8h §5m two perfeét
arches, altitade of the higher 12°, with a fine edge. At
oh feveral concentric arches, one with a fine cdge, altitude
11° At gh sm one 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 1om 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, its altitude 47°, and that of the under edge 10°,

At gh 26m altitude of upper edge 30°,

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

The {ky was free from clouds till the laft,

- At Kefwick, the fame evening, at 8h zom there were
bright fireamers WNW.—At 8h 28m they had {pread from
WSW. to ENE. ; altitude of the.arch 14°3 vertical ftream-
ars bore NW. by N. A: 8h g5m ftreamers 43° paft the ze-,
nith* : previous to this there were at one time three con-

centric

® By the obfervations at Kendaly the aurora was 30° paft the zcnith at
3h 4om, and the clocks being correGed at heth places, fo as to be near.
the
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wentric arches northward, fet with bright ftreamers, which
had a very quick lateral motion; the under edge of the
higlrelt 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 §° higher than the under edge ; hori-
zontal extent of the arch from W. by N. to NE.

April 5. At Kendal, a fmal] blufhing of light, exadtly ia
the maguctic north, at 9 P. M.; it foon faded away. -

The difturbance of the needle was imperceptible.

April 9. The aurora was firft feen at Kendal, at gh 3om
P. M. being a fmall bluthing 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 10h 25m bright and aétive
weftward ; the mift below.—Soon after, uncommonly aétive
ftreamers, very low; the light feen denfe through the mift.
At 10h 35m the mift vanithed; the aurora rather larger,
and duller. . At 11h a larger arch, altitude 109, with miit
below ; ; no flreamers, the light being ftill and uniform. At
11h rom ftreamers very active ; 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.
—It was 7° high at gh 54m, and the higheft part. bore N.
by W. § W.; one minute after, bright ﬁreamers from NE.
to WNW. the greateft altitude of their bafe §°}, the bear-
ing of the fame NW. by N, 3 N.—From this to 1oh 3om,
bright fireamers at mtervala, low in the NW. quarter,—
After 10h gom grown faint ; horizontal extent from WNW.
to NE. by N. ; .

April 14. At Kefwick, about midnight, or foon after, a
ill, honzontal llght, altitude of the under edgc §°, of the
upper edge 9 3 bearing of the centre NW. § N.

L " GENBRAL

H

the true folar time, it is prefumed i obfervation would be almoft cotem-
porary with that at Kendalwwm-wNow, fuppofing this to be the cafe, the
height of the auroray or of the lower extresity of the beams, Wil be found
cqual to 62 nglifh miles,
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GRNERAL OBSERVATIONS:

IN order to determine the bearings of the middle é¢
highett part of the arches of the aurora, I placed myfelf in
a ftation where I had a diftant objet before me, in the
direGion of the magnetic meridian, and. I alwayg found the
‘higheft part in the fam¢ dire&ion as this objeé& j=—a devia.
tion of 2 or-3° would in moft cafes have been very fenfible.
“~—Sometimes, to confirm the obfervation, equal altitudes of
the arches were taken on cach fide of the magnetic meridiany
with the theodolite, and -the horizontal angle divided intp
two equal-parts, which gave the famc béaring of the centre
as the other method.—1t does not, however, always happen
that the horizontal arch, elpecially when high, is perfef¥
and complete. -

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

The altitude of the.céntre of the corona, when there was
one formed, was taken with a quadrant and plummet, with
as much exatnefs as the thing feemed to admit of,

"With regard to the needle of the theodolite, which was
ufed to make the obfervations with, it ig ‘3L inches long,
and feems to move very freely upon its.centre ; 1 have often
tifed the effe@ of frition, by drawing it from its ftation,
‘and then fuffering it to vibrate till it fettled, when it ufually
fettled in the fame Ration within one or two minutes, but I -
have fometimes obferved it five minutes of a degree altered
in {uch’a cafe,

* T have never obferved any confiderable fluuation of the
necdle in any evening but when there was an aurora viéble,
except once ; this was on the 13th of February, 1703, the
ovening of which was very wet and flormy; the ngedle va-

ried
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tied ‘a3 follows t—the vaviation was 24° 577 at noon: 24°
35’ at5 P.M.; 24° 35" ac sh som; 24° 20 at 51158,
24° 2a" at 6hy 24° 4.8 at Gh zom; 24° 45 at Gh 45m;
24° 35% at 8h; 24° 47" at 8h 30m; 24° 49 at 10h gom;
. 24° 53 at 8 AL M. next day,,

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

It hould alfo be noticed, that whilt making thefe ob..
fervations upon the difturbance of the needle, during an
aurora, 1 did not adways know the alfvlute variation at the
time ;. and therefore no inferences (hould be made relative
to the change in the abfolute variation, in the mterval from
snc aurora o nnother, from the obfertations I have given.

FND Op THE FIRST PART,
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METEOROLOGICAL

OBSERVATIONS AND ESSAYS.

PART SECOND.

ESSAYS.

ESSAY FIRST.

On the Atmofphere; its Co;ﬁ}'tution, Figure,
Height, e,

HE atmofphere is that invifible, ¢laftic 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 ﬁuld
but modern philofophy has demonttrated’ thc
contrary, and it now appears that the pureft air -
we breathe at any time, ‘confifts of an intimate
mixture
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mixture of various elaftic fluids, or gaffes, in
different proportxons Thofe properties of the
atmofphere, called its falubrity and infalubrity,
dcpcnd prmc1pally upon the greater or lefs quan-
tity of one of 1ta conftituent principles, wital or
depblogifticated air.—Whether the fuperior regi-
- ons of the atmoiphere 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 cafc, 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 polcs, to preferve an equili-
librium every where, owing to the centrifugal
force, which is greatelt at the equator. The
denfity of the atmofphere, fuppofing it of an
uniform temperature, and alike conftituted every
where, would decreafe in afcending, in a geo-
metrical progreflion ¢ 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.——1I fay thefe circumftances
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 earth’s furface, decreafes ini going from the
equator to the poles. " Mr. Kirwan * ftates the
mean annual heat at the equator at 84°, and
that at the pole at 319, Morcqver, the tempe-
rature of the air over any place, in clear, fercne
weather, decreafes in afcending above the earth’s
furface, nearly in an arithmetical progreflion,
and at the rate of 1° for every hundred yards.
Experience proves this, as far as to the fummits
of the highcf’t 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 rarefles 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 equilibrium.—
Hence, the higher temperature within the torrid
zone, {wells the atmofphere there, and raifes it,
or at leaft the grofs parts of it, to a much greater
height than elfewhere ; whilt in the frigid zone
it is contra&ed by cold.—This is the effe@ of
the different temperatures at the earth’s furface:
but the increafe of cold in afcending deftroys.

‘ the

¥ Eftimate of the temperature of different Latitudes,
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the law of decreafe in denfity above mentioned,.
and greatly contralls the height of the atmof:
phere; as deduced from fuch law ; though this-
circumftance has perhaps no effeét upon the f-
gure of the atmolphere.

Philofophers have attempted to find the height
of the atmofphere by two methods; namely, by
the duration of twilight, and by’ experiments
upon the deflcent of thé 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 horizong
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 paffing through the atmofphere, is
refle@ed 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 contaét. This
argument bemg admitted, affords. date to find
the height of the atmofphere, a proper allowance
for refrattion being firft made. ~Several objec-
tions to this conclufion however may be ftated ;
amongft others, it may be faid, we do not kndw
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 icfelf; in this cafe, therefore, we
can determine no more from the twilight, than
that the height of the atmofphere, or of that

region



fo On the Atmofphere, .

region of it which is denfe enough to refled
light, is not fo much as 45 miles.

Barometrical experiments afford a much furer
approximation to the height of the atmofphere,
or rather perhaps of the more grofs and heavy
parts of it. From thefe we are affured, that a
Seratum 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 ot 13 miles high, contains $8ths 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, extraéted
from -Sir George Shuckburgh’s letter to Col.
Roy, (Philofophical Tranfaltions, 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,
&e. 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 obfervitions, upon
two barometers and thermometers, one perfon
having one of cach at the bottom of the moun-
tain, and the other-at the top.

The
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EXPLANATION.

This table gives the number of
gg| . |feetin a column of the atmofphere,
BE| Fe equivalent in weight to a like co-
=
S lumn of quickfilver ysth of an inch
3 | ooy | high, wh ftand

35 | 87.49 | Migh, when the barometer {tands at
40 | 88.54 | 30 inches, for every 5° of tempera-
bl Sg.gg ture from 33 to 8o*.—For any other
§5 \81:72 hCIght of the barometer it will be
6o | 92.77 | in the inverfe ratio of that height to
3(5) gi:gg 30.——Let 4 ‘= the mean height
75 | 95.93 | of the two barometers, in inches;
Bo | 9699 | 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 thermometers; » = the height of the

mountain, in feet: then, we fhall have this

theorem, 3’%“-% = «, the height required.

EXAMPLE.

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

Here the mean height of the two barometers,
or 4 = 28.59 inches; their difference in tenths
- of

. «* From the table it appears, that, in round numbers, every
30 yards of elevation reduces the height of the mercury in
the barometer % of an inch, near the ¢arth’s furface.



82 On the Atmofphere, te.

of an inch,.or 4 = 22.6; the mean heat of the
two thermometers = 61°; the proportional
. number may be found from the table = g2.98
30 X 22,6 X 92.98

9.3 = 2205 feet,

feet = b; hence,
the height required.

From this theorem we can deduce another :—
fuppoling the elevation of the uppcr barometer
given, and the heiglt of its mercurial tolumn
required ; the other data ‘as before. Let 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

Gooh — p
Gt ¥p X H

theorem, y =

Hence we may calculate the height of the
mercurial column of the barometer at any given
moderate elevation, and by repeating the pro-
cefs, for a larger allo, fufficiently accurate for
the purpofe of explaining the theory of the va.
riation of the barometer ; though we cannot
from this fix the boundary of the atmolphere
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
hmght of that fuppofed above may be eftimated, by dedu&-
ing 1° for every hundred yards of elevation.
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{on to conclude, as will be feen in a fubfequent
Fffay, that it extends to a much greater height
than has commonly been fuppoled

The following table contaius the refult of a
calculation from the laft mentioned theorem, of
the height of the mercurial column, at certain
elevations, above the equator, and likewife over
the north of Englund, and the north pole. "The
mean heat at the ecarth’s furface, under the e-
quator, is fuppofed 84°; the mean heat in thefe
parts, for the hottelt month of fummer, at 60°,
and for the coldeft month of winter at 35°; the
mean annual tempeutme 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°.

‘B4 |Height of the mercurial column of the barometor,
E‘S 4 in inches.
) 8 :
E}_{g Above the | Above the North of | Above the
= g0 | cquator, | England, north pole.
B -3 1 '
g ‘g &8 ;
EB . .
ERe& In fumnmer. { In winter.| In winter,
i
o 30.00 30.00 | 30.00 30.00
2 20.55 20.10 19.58 18.81
13.61 12,96 12.24 119
4 .
N E 8.66 7.98 7.26 6.24
-8 5.25 4.05 4.03 3-19
10 3.00 2:52 2.0% 1.45
12 | 1.58 1.24 93 .56

Ma ESSAY
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ESSAY SECOND,

On Winds.

INDS have ever been confidered, with
reafon, as having a principal fhare in
producing changes of weather, and therefore
they demand a particular regard in metcorology.

Moft people know that the winds are not
_évery where fo changeable as in thefe parts.
“In the torrid zone, the winds are much more
‘uniform in direftion than they are either in the
temperate or frigid zones: over the Atlantic
and Pacific oceans, particularly 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
feems to have been univerfally adopted by others
fince its publication.—-Thc 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 eaft, cxpofes'
thc torrid zone every day to the dxre& rays of

the
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,the fun, the earth, and confequently the air, is
there moft heated ; the maximum of heat follows
the fun, and therefore moves in a contrary di-
reftion, or from eaflt to weft; the rarefa&tion
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, abftraéting 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 afts fimply by increafing their
elafticity, act upon them in one part of the ring
more than in another; this will of courfe fepa-
rate the particles in fuch part farther than they
were before, and condenfe the others; but it
can never produce a rotary motion of the whole.
number of them round the ring, becaufe the ac-
tion being mutval, 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 each other, agreeably to New-

ton’s
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ton’s third law of motion.—We have here fup-
poled the heat applied to one part of the ring
only, but it is plam 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 abfraction of it will not.

Now to apply this to the matter in que{hon
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 aftion 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 refped 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
adtion 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 prpduce the
effe® in queftion, nor immediately contribute
thereto. '

It will be afked, if the trade winds are not
produced by the fucceflive rarefattion of the
. parts
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parts of the atmofphere within the torrid zone,
what are they produced by ?—To this it may be
replied, that they admit of an explanation upon
mechanical principles without requiring any hy-
pothetical reafoning, or any other phyfical prin-
ciple thin 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, {cem to be the natural effeéts of thefe
two caufes, and might have been deduced from
them g priori, if the falts had never been afcer-
tained by the navigation of the torrid zone.
Notwithftanding, as we are in pofleflion of many
fa&ts relative' to the winds, it may be proper firit
to ftate them, and then to confider how they re-
fult from the caufes above mentioned.

Fults 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 wverfz, 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 more nearly fouth: and,
wice werfa, when thc fun is near the tl’OplC of
‘capricorn.

4. The tradc-wmd is not due eaft upon the
equator, but 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 wm——
See page 49.

Now in order to perceive the reafon of thefe
fafts, 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@ing from accidental circumftances,
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 a continual
impulfe towards the equator. 'And, in gcneral,
wherever the heat is greateft, 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 effecs of the inequality of heat.

The efeéts 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 if a
quantity of air in the northern hemxfpherc, re-
ceive an impulfe in the dire@ion of the meridian,
cither northward or fouthward, its rotary velo-
city will be greater in the former cafe, and lefs
in the latter, than that of the air into which it
moves ; confcquently, if it move northward, it
will have a greater velocity eaftward than the air,
or furface of the earth over which it moves, and
will therefore become a SW. wind, or a2 wind
between the fouth and weflt. And, wvice ver/fa,
if it move fouthward, it becomes a NE. wind.
Likewife in the fouthern hemifphere, it will ap-
pear the winds upon fimilar fuppofitions will be
NW. and SE. refpe&ively *.

The trade-winds therefore may be explained
thus thc two general mafles of air proceeding
from

*M. D: L:a' is the only perfon, as far as I know, wha
bas fuggefted the idea of the earth’s rotation altering thg
dire@ion of the wind, which idea we have here purfued
more at large~Vid, # Lettres phyfiques, &e.” Tom. 5.
Part. 2. Let, cxlv.
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from both hemifpheres towards the equatot, s
they advance are conftantly defleted 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 eaft, and that from the
fouthern hcmlfphcre in hkc manner is made to
veer from the fouth towards the calt; thefe two
mafles meeting about the equztor, or in the tor-
rid zone, their velocities north and fouth deftroy
eich other, and they proceed afterwards with
their common velocity from eaft to weft round
the torrid: zone, excepting the irregularities pro-
ducéd By the continents, ~Tndeed the equator is
ribt the centre or place of concourfe, but the
northern parallel of 4°; becaufe the centre of
Reat is about-that place, the fun being longer on
the north fide of the equator than on the fouth’
fide. Moreover, when' the fun is pear one¢ of
the tropics, the centre ‘of heat upon the carth’s
furface is then nearer that tropic than ufual, and
therefore ‘the “winds about the trOplC 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 edrth’s f{urface in heat re..
gular and conftant, {o that the heat was the fame
every where over the fame parallel of Jatitude,
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 parts of the atmnfphcrc in
fome fort confpire to produce regular winds
round the torrid zone, yet the effe& of the fitu-
ation of land is fuch, that ftriking irregularities
are pmduccd. witnefs, the monfoons, fea and
land breezes, &c. which can be accounted for
on no other prmc1pl€ than that of rarefattion;
becaufe the rotary velocity of differént parallels
in the torrid zone is neally alike.—For this rea-
fon we have omitted giving the fadts, and their
cxplanation, as having bcen done by others.

From what has been faid it might be fuppofcd
that the winds in the northern temperate zone
fhould be between the north and eaft be!ow,
and between the fouth and welt above, almoft
as regularly as the trade-winds; but when we
confider the change of feafons, the different ca-
‘pacities of land and water for heat, the interfe-
rence and oppoﬁtlon of the two general currents,
the one of which is verging towards a central
point, and the other proceeding from ir, we
imight conclude it next to impoflible that the
winds in the temperate and frigid zones fhould
_exhibit any thing like regularity : notwithftand.
ing this, obfervations fufficiently evince, that the
‘winds in this our zone are, for the moft part,
in the diretion of onc of the general currents;
that is, fome where between the north and eaft,

or elfe between the fouth and weft; and that
N 2 7 winds
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winds in other dire€tions happen only as acci-
dental varieties, chiefly in unfettled weather.

~ In winter, the heat decreafes more rapidly in
Jeaving the ¢quator, and proceeding northward,
than at any other feafon ; confequently the cur.
rents 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, wvice ver/a, in fummer.

The effed 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 latirudes, (or, to fpeak more
ftrictly, the effe@ is as the fluxion of the co-fine.
of the latitude, the fluxion of the latitude being

fuppofed conftant) it will be {mall within the
torrid zone, and increafe in approaching the
poles ‘The hourly rotary velocity of the equa-
tor is about to40 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 la-
titude for every 10 degrees, together with their
differences, agreeable to the above fuppofition. '
Degrees
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) ., [Hourly rotary velocity) Differences of thaly
nde.| of the "
Degrees of latit Begii }:;nrlelfb. in‘ velocities,
Q \ N
o 1000 :
10 ‘ 984.8 15.3
| % : 939-7 . 4%
30 866 737 |
40 766 100
50 642.8 - 123.3
6o " §00 . 142.8 |
70 , 342 158
80 ‘ 173.6 168.4
90 | , 1736

From the table it appears, the effe® of thé
‘varth’s rotation, to accelerate the relative velocity
of winds, is about ten times as great at the polés
as at the equator ;—by relative welocity, my red.
ders will perceive 1 mean, all Iai‘ong,‘the‘velo‘city
.of the wind relative to the place of the earth’s -
furface over which it blows ; hence, the relative
velocity and direétion of the mafs of air from the
‘equator is at fitft 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 rafefaition of the air from eaft to woft
alone, independent of the earth’s rotation, they
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 asat
40 of fouth latitude, which is quite contrary to
experience : in falt, they ought 'to<have -ex.

o tended,
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“tended, in a greater or lefs degree, over the
ocean, from. the equator to the poles, and the
fummers have been more tempefluous than the
winters, becaufe the daily variation in. heat ig
then greateflt ; neither of which we find confift-
ent wuh obfcrvatlon.

' The rclatlvc vcloclty of winds may be beft af-
certained by ﬁndmg the relative vcloc1ty of the
clouds, which, in all probability, is ncarly the
fame as that of the winds ; the velocity of a cloud
is equal to that of its fhadow upon the ground,
whlch, 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 realon that their caufes are conftantly in ac-
tion, and not for a moment only; buc the re-
filtance which a current of air meets with from
the atmofphere itfelf, and from objeéts upon the
earth’s furface, muft be vcry confiderable ; the
increafe or diminution of the relative velocity of
a wind will therefore depend upon the propor-
tion between the active caufes and the fefiftance,

1. The ceconomy of winds, an illuftration of
which'we have been here attempting, is admi-
tably adapted to the various purpofes of nature,
and-to the general intercourfe of mankind =
had the {un revolved round the carth, and not

the
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the earth on its axis, the air over the torrid
zone, and paxtlcularly about the «quator, would
have been in effe& ftagnant; and in the other
zones the winds would have had little variation
cither in ftrength or dire@ion; navigation, in
this cafe, would have been greatly impeded, and
a communication between the two hemifpheres,
by fea, rendered impraéticable. On the prefent
fytem of things, however, the irregularity of
winds is of the happieft’ confequence, by being
fubfervicnt to navigation; and a general circu-
lation of air conftantly takes place between the
caftern and wellern hemifpheres, -as . well as bex
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 profpcrity of the animal and ve.
getable kingdoms, is accomplithed :—fuch is the
tranfcendent wildom and providential care of the:
common FATHER oF aLL}

PROOF OF THE EARTH’S ROTATION.

“The trade-winds. being matter of fa& if the
mechamcal prmcnples we have explained them
upon be admitted, we may draw from hence a
very fatisfadtory, 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 pofleriori, that the earth revolvcs the
sontrary way, or from weft to caft.

ESSAY
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ESSAY THIRD.

On the variation of the Barometer.

"VHE caufes of the variation of the barometer
‘have never yet been difcovered, fo as to
admit of demonftration ; 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 facts refpecting the
variation, which are the refult of obfervation,
- and not of any hypothefis.

Fats relating to the Barometer.

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

I believe the barometrical range has not been obferved
muich 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 anpual range* at Paris, in latitude'48° go" N.
for 20 years, was 14 inch; the greateft range, or difference
between the higheft and loweft obfervations, for the fame
term, was 2 inches. (Vid. Martyn': Abndgmmt of the Pari~

JSian

® By annual range, X mean the diffetence-betweon the higheft and lowest
qbiprvations cach year.
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Jian Memnirs). At Kendal, in latitude 54° 17” N. the mean

range for § years was 2 13 inches; the greateft range was
2 .65 inches. A comparifon of the obfervations made at
London, Kendal, and Kefwick likewife corvoborates the fame.
~—In Sweden, and Ruffia, the range is fill greater.

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

See the obfervatious, particularly the tables, p. 16 and 17.

4. 'The rife and fall of the barometer are not
local, or confined to a finall diftrict of country,
but extend over a confliderable 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 Tranfactions for 1709, there
is a comparifon of obfervations upon the barometer made at
Paris and Genoa, for 3 years; the diftance of the places is
at lealt 350 miles; notwithftanding 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 inflance, when the rife was one day later at Genva than
at Paris.

The precife extent to which the fluctuations of the baro-
meter reach, has not, that. I know of, ever yet been afcer-
tained in any one mﬂancc, for want of cotemporary obler-
vations made at a great number of diltant p]aces.

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

From the American Philofophical Tranfa&ions we find
the range is as great in New Lngland as in this country,
though it is 10° nearer the equator.  Alfo, at Wiltiumfourg,

(o] in
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in Virginia, latitude 37° 20" N. the annual range is above
t inch, which is the fame as at Genoa, latitude 44° 25" N,

6. In the temperate zones the mean ftate of
the barometer in the fummer months is nearly.
equidiftant from the extremes in that feafon;
but in winter the mean is much necarer the
higher extreme than the lower.

According to the obfervations at Kendal (lee page 16%)
the mean height of the barometer in July is diftant from the
higher extreme .33 of an inch, and from the lower extreme
+373 in Jaouary the mean is diftant from the higher extieme
79, and from the lower 1.17: the ratio of the former dife
tances is as 11 to 12, and of the latter as § to 12, neatly.

Profeflor  Muffehenbrock, in his Elements of
Natural Philofophy, (tranflated by Colfon) pub-
lithed about 5o years ago, has endeavoured to
account for thofe changes of weight in the at-
mofphere; he has adverted to all or moft of the
caufes that have ever been confidered as agents
in producing the effefts : he enumerates the fol-
lowing caufes, namely ;—Fitft, 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<
creafe or diminution of heat, which rarefies or
condenfes thé 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 aﬁc&ed ﬂtth, the .air

being

* "The mean for July, uncorreéed, is 29.77, and for January 29.66, -
which muft be ufed in this cafe, becaufe the extremes are not corredted.



On the Variation of the Barometer. 99

being loaded with, or cleared of vapours and
exhalations,

Profeflor De Sauﬂ?ue, of Gene'vn, thinks the
caufes of the changes of the barometer are heat,
ditferent winds, and unequal den(ny of the con-
tiguous /firata of air; hence the little variation
within the tropics. The principal caufe is oppofing
winds. He does not deny that chymical changes
in the air may ailect the barometer; he how-
ever fufpeéts that fome vnknown caufe has the
greateft effe@ *. We fhall now confider the
caules above alleged feverally.

The idea of oppofite winds having the prin.
cipal fhare in producing the changes in the ba-
rometer, has evidently been fuggefled by the
uniformity of the trade-winds, and the finall
variation of the barometer where they blow;
but it fhould 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&t oppofition ; -alfo, the monfoons,
elpecially about their change, produce’uncom-
mon conflicts of winds, and tempcltuous wea-
ther, notwithitanding which circumftances, the
barometer never has thofe flutuations that are
experienced in the other zones. If, therefore,

0.2 the

* Thefe his fentiments are taken from the Critical Revicav,
for 1787.~~Without being poflefled of his work, we cannet
examine his arguments particularly.
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the: idea of oppofite winds, mcdmnical]y accu-
mulating or dif pcrﬁng the air, be inconfiftent
with the fielt fa&, it wili certainly fail of cx-
plaining the reft. Befides, it would not be dlf-
ficult to prove, a priori, that the oppofition of
winds, admitting the fa& at the time, could not
produce thofe great and long continued accumus-
lations of air which we often experience.

The fecond caufle, or that of a cold north
wind blowing, has doubtlels an effe¢t upon the
‘barometer, though perhaps not altogether in the
manner that has been conceived.—We fhall con-
fider this in another point ol 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 barometer is gcncral
and of confiderable duration : it cannot, there-
fore, produce the effet.

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

With relpect to the fifth, it muft be allowed,
that water, when changed into vapour, confti-
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
hatty to conclude from hence, that where evapo.

ration is going forward the barometer muft rife,
and where rain is falling it muft fall alfo ; becaufe
air loaden with vapour is found to be fpecifically
lighter than without it.  Evaporation, therefore,
- increafes
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increafes the bulk and weight of the atmofphere
at large, 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,
becaule the place of the vapour may be occupied
by a portion of air fpecifically heavier. It thould
feem 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 fubje&.

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
fumuwer, though a flratum of air on the earth’s
furface always weighs more in the former feafon
than in the latrer ; from which fa&s we muft
‘unavoidably infer, that the height of the atmoft
phere, or at lealt of the grofs parts of it, is lefs
in winter than in [ummer, conformable to the
table, page 83. There are wmore 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
grear meafure upon the mean temperature at
the earth’s furface below; for, clouds are never
obferved to be above 4 or 5 miles high, on
which account the clear air above can receive.

little



102 On the Variation of the Barometer.

little or no heat, but from the fubjacent regions
of the atmofphere, which we know are influenced
by the mean temperature at the earth’s furface ;
alfo, in this refpe&, the change of temperature
in .the upper parts of the atmofphere muft, in
fome degree, be conformable to that of the earth
below, which we find by experience incrcafes
and decreafes gradually each year, at any mode-
rate depth, according to the tempcrature of the
feafon. (See page 30.)

Now with refpeét to the fluCuations 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 mult be concluded,
either that the height of the atmofphere over
any country varies according to the barometer,
or otherwife that the height is little affeéted
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 flu€tuations, or
that it fthould 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. However, the decifion of this queftion

need
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need not reft upon probability ; there are faéts,
which fufficiently prove, that the fluétuation of
denfity in the lower regions has the chief effeét
upon the barometer, and that the higher regions
are not fubje 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 Switzerland,
in latitude 47° N. and at Marfeilles, in France,
latitude 43° 15° N.; the former place is more
than 400 yards above the level of the fea; it
was found rhat the annual range of the baro-
meter was the fame at each place, namely, about
10 lines ; whillt at Genoa, in latitude 44° 25" N.
the annual range was 12 lines, or 1t inch; and
at Paris, latitude 48° 50 N. it was about 1 inch
4 lines. In the fame memoir it is related, that
F. Laval made obfervations, for 10 days toge--
ther, upon the top of Sz. Pilon, a mountain near
Mar/eilles, which was 960 yards high, and found
that when the barometer varied 24 lines at Mar-
Jeilles, it varied but 14 upon 8¢ Pilon.. Now
had it been a law, that the whole armofphere
rifes and falls with the barometer, the flutua-
tions in any clevated barometer would be to
thofe of another barometer below it, nearly as
the abfolute heights of the mercurial columns in
cach, which in thefe inftances were far from
being fo. Hence then it may be inferred, that

the fluuations of the barometer are occafioned
: chiefly
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hlcﬂy by a variation in the denfity of the Tower
regions of the air, and not by an alternate cle-
vation and depreflion of the whole fuperincum-
bent atmofphcre How we conceive this fluftu-
ation in the denfity of the air to be effc tted, and
in what manner the preceding general facts re-
lative to the variation of the barometer may be
accounted for, is what we fhall now attemnpt to
- explain. |

It has been obferved already that air charged .
with vapour, or vapourized air, is fpecifically
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 diflolved
in air becomes an elaftic fluid capable of fup-
porting . of an inch of mercury, while its den-
fity to that of air, is as 3 to 4.—Again, Dr.
Pricftley has found from frequent experiments
(vid. Experiments and Obfervations relating to va-
. rious branches of natural Philsf, p/:y, Vol. 6, page
390) that different kinds of air, as for mﬁance,
inflammable air, and dephlogifticated air, the
fpecific gravities of which are as I to 12 nearly,
when mixed together, do not obferve the laws
of hydroftatics ;- for, the inflammable air, inftead
of rifing to the top of the veflel, diffufes itfelf

squally
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equally and permanently through the dephlogif-
ticated 'air, at the fame time that no chemical
attraltion 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-
“ traftion between them, and alfo of different
“ fpecific gravities; and yet they are never fe.
¢ parated but by the chemical attradtion of fub.
¢ ftances, which unite with the one and leave
¢ the other.””—Moreover, Sir Benjamin Thomfon
has found that moilt air condu@ls heat berter
than dry air. (Vid. Philofophical Tranfa&ions,
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
clafticity 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 wclgbt of the fratum will be diminithed,
whilft its bulk and fpring remain the fame ; and
wice verfa, if dry air flow into vapourized air.
The
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" The firft fa& may then be accounrcd for thug:
—the warmer- any air is, the more water it will
imbibe, in fimilar circumftances; 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 heat within the torrid zone,
and the height of the atmofphere there, remain
pretty near]y the fane all the year round, and
all the air approaching the zone from the two
temperate zones, is gradually affimilated in its
paffage to that of the faid zone, it follnws, that
there can be little fluGuation 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 falts are the neceflary
-refults of the principles we are. aﬂ'ertmg 1—in
wmter, 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 tcrms ma{ﬂ'
air, and vapourized air, ufed in this and fome other cflays,
denote air containing a great-portion of vapour, though i,
may ‘not perhaps be chara@erized as fach by a h)grometer.
—Thus, a cubic foot of air at the equator, which there is
indicated to be dry by a hygrometer, will contdin more va-
pour than a cubic foot of air here, at the freezing tempera-\
ture, which is indicated to be more muift than the former.
by the hygrometer——The differeuce of tempcraturc pre-
duces this effe&.
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decreafe is at firft moderate, but grows more
and more rapid as we advance; in confequence
of this decreafe, and the law by which it is
regulated, every place in the temperate zone
“will, then more particularly, be fituate berwixg
the extremes of Leat and cold, relative to its
own temperature, and the higher the latitude
the nearer will be thofe extremes to the place ;.
befides, that feafon being liable to the hlghtﬁ
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 5,
that the air in general in the hlg,htr latitudes
-will then both be co/d and dry, and in the lower
latitudes 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 accordmgly and the

rife or tall will be greater as ‘the place is fituate
nearer to the extremes of temperature, becaufe
;hc air will in that cafe fuffer the lealt change
in its paflage. In fummer, the heat all over
the northern hemifphere is brought almoft to
an equahty at the different parallcls. the wholg
mafs of air is heated, fwelled, and replenithed
with vapour; the' air over the northern re-
gions is almolt brought into the fame flate. as
within the tropics,. and the barometer there-
fore has almoft as little variation, in that {eafon,

¢ as there, ,
s Pa The
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Thc fourth faét offers nothing inconfiftent w:th
“our theory : winds are the nediate caufe of the
. variations of the barometer, and the currents of
air to and from the torrid zone are not ‘partial,
but general, though fubjeé to confiderable mo-
difications in dire&ion; befides, independent of
winds, thofe properties of the air, heat and moi-
fture, will always be diffufing themfelves in every
direltion, where there is a deficiency of either
from which circumftances, it feems impoflible
that the variations of the barometer fhould be
lacal, though the amount of each flutuation will
not be the fame at. places” confiderably diftant.
From the ufual celerity of the winds, the changes
will happen upon the fame day at places very
diftant; but theory {eems to require, that the
northern parallels fhould  firft experience the
higher extremes, and the fouthern parallels the
lower, ‘and the obfervations upon tht fourth fa&
countenance the inference. However, a feries
of cotemporary obfervations made at two places,
differing confiderably in latitude, would afcertain
the fact; and if the places were one NE. of the
other, they would: be ftill more eligible for'the
purpofe, hecaufe the two general currents of ai

flow in that dlrc&lon.

The climate of the eaftern coaft of North
America is fo conftituted, that the decreafe of
the mean temperature in the winter feafon, in
, procccding northward, is much more rapid than

' oR
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on the weftern coaft of this-continent ; the con-
fequence is, that any particular place there is°
liable to great.and fudden flu€uations of tempe:
rature in that feafon, and thefe produce propor-
tionate ﬂu&uatnons of the barometer, according
as the warm and vapoury,-or the cold and dry
air prcdommatc..

_ 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 fatisfaCoty explanation
upon ‘the prmcxples we have adopted.  Indeed,
at firlt view, it feems inconfiftent” ‘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 tos
wards  one extreme as towards the other; but,
allowing what is"moft probably the true flate of
the cafe, that the deviations on. each fide are
‘nearly cqual ftill the fa& of the barometcr ad-
mits of a’rational folution.—Moift air, 'as has
been ob{’crved conduéts 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.
ruffled by clouds and ftorms; all thefe circum.
ftances tend to diffufe and clrculatc the heat, by
reafon of which the law of decreafe of tempera-
ture in afcending, at fuch times, muft-be very

matcrialiy
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mater:al]y different from what it is in ferencﬁ
WEa,ther, or, in other words, thc decreafe of
temperature in afccndmg maft. be much flower
than at other times; we may venture to fuppole,
that, in fpmc cafes, the mean ftate of decreafe
~for a few miles of elevdtion 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 muyft be a greater redu&ion of the baro-
meter than othcrwnfe would ‘happen.  For, let
“the weight of the atmofphere at 3 miles of eleva-
tion be fuppofed equal to 15 inches of mercury,
the heat.at Ahe earch’s furface equal to 45°, and
that it decreales in afcending after the ufual rate
of 1° for every 100 yards; then, the mean heat
of a-column of air from. the carth’s furface to 3
miles abovg it, will be 18°.6, whence the weight
of the whole column from the earth’s furface to
‘the top of the atmofphere may be found by the
ihcorem,'pagc”%z, or H = g"oz wy xy (y be-
ing given in this cafe) 28.94 mches, 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 1o
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 ; s 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,



On the Variation of the Bavometer.” 14
and below the mean for January, at ‘Kendal, as
- ftated at pag¢ 98.

The fuppofition made abovc, I prefume will
not be deemed cxtravagant, namely, that the
mean hear of a column of air 3 miles high will
not differ more from that at the earth’s furface
than 14°, on certain occafions: when we con-
fider the ftrong SW. winds during a thaw,
(when the lowelt extreme ufually happens) and
that the thermometer often rifes to 459 at the
fame time that the froft is in the earth, and the
ground not cleared of fnow, we muft conclude,
that the then increafing heat comes from the air
above, and not from the earth, and confequently
that the temperature of the air is greateft at a
confiderable elevation, 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
Keat in the atmofphere, by which the loweft ex.
treme of the barometer is removed farther from
the mean fate 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 chtcﬂy 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-

fervation,
Having
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. Having now endeavoured to explain the prin- .
cipal falls relative to the variation of the baro-
meter, we fhall next advert to fome other par-
ticulars on the fubjeét, which tend to illuftrate
and confirm the dottrine we have advanced.

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

~ The barometer is often low in wmtcr, when a
ftrong and warm S. or SW. wind blows ; the
annual extremes for thefe g years have always
been in January; the lowelt was in January,
1789, about z weeks after the above mentioned
high extreme; it was accompanicd'with a ftrong
S. or SW. wmd and .heavy rain ; the tempera~
ture of the air at the time was not high, being
about 37° but the reafon was no doubt becaufe
onc half of the ground was covered with fnow ;
it was therefore probably warmer above.—Now
the reafon why the low extreme fhould have at
that time, as well as at many others, foon fuc-
sccded the high extreme, feems explicable as
follows =
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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 imo the
lower regions ; this air was {ucceeded 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 conflituted
of light, vapoury air, occafioned the preflure
upon the earth’s {urface to be fo much reduced.
Hence then, it fhould feem, we ought never to
expe@ an extraordinary fall of the barometer,
unlefs when an extraordinary rife has preceded,
or at leaft a long and fevere froft ; this, I think,
is a fair induion from the foregoing principles;
how far it is corroborated by paft obfervations,
befides thofe jult mentioned, 1 have not been
able to learn.

It is obfervable that the high extreme fome
years happens in O¢tober or March, but generally
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 loweit
that were made, 10 '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 Joffes at fea, and
damage at land, by the extraordinary high winds,
which prevailed almoft inceffantly 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 mean flate of the ba-
rometer unufually low ; the faét therefore may
be produced, as an experimentum crucis of the
theory ; accordingly, we find from the obferva-
tions, that the mean (late of the barometer for
thar month was lower by .14 of an inch, in the
north of England, and probably lower every
where on the weftern coalt of Eurgpe, than for
any oiher month in the laft 5 years,

It 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 higher
in winter than in fummer, contrary to experi-
ence; if, therefore, the mean ftate of the baro-
meter be lower in the torrid than frigid zones,

it is moft probably cffetted 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-

je€ts 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 facts 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 quantitics of fire; neither do difierent bo-
dies, that are equal in weight and temperature,
contain cqual quantities of fire.—For example,
if ‘a cubic inch of iren 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 fron, 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 weights of iron and lead
were uled, the refults would be fomewhat diffe-
rent, but {till the temperature of the water would
be more augmented or diminifhed by the iron
than by the lead. When equal weights are ufed
in experiments of this forr, that body which aug-
ments or diminithes the tempcrature the mott, is
faid te have the greater capacity for heat; be-
Q. caufe
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caufe a greater quantity of heat is required to be
added to, or fubtraéted from it, in order to vary
its temperature equally with the other.

The fame body, under the different forms of
Solid, 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 nop-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 increale its temperarure;
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 vapour :
if a pound of ice were taken of the temperature
of 20°, and a quantity of heat added to it, fo as
to augment its temperature to 25°; an equal
quantity of heat would augment the temperature
of a pound of water lefs than 35°, and of aqueous
vapour ftill 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
melr it; that is, it requires as much heat to melt
it as would increafe 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°. Alfo, it has
been found, that aqueous vapour, when con.

denfed
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denfed into water of the fame temperature, gives
out 943° of heat.

The capacities of earth, ffones, and fand, for
heat, are much lefs than that of water. This ig
one caufe why the viciffitudes of temperature
are greater at land than at fea®.

Another particular relative to heat is, that
fome bodics conduét it better than others; in
this .relpect there is a f{triking relemblance be-
tween the ele@ric fluid and fire; for, thofe bo-
dies which conduét the eleétric fluid well, a
metals, water, &c. alfo conduts heat well,—
Glafs, fealing-wax, and other elcétrics, conduét
heat very flowly : alfo dry land, whether the fur.
face be ftony, fandy, or earthy, is found by ex-
perience to conduét heat flowly.

Sir B. Thomfon has by a feties of experiments
(fee Philofophical Tranfattions, 15 86) found the
powers of a few bodies to conduét heat to be
proportionate to the following numbers, namely:

Mereury - - o« - « - - . 1000
Moiltair = - =« « - « . « 330
Water =« = « « - « - . 313
Common air, denfity 1 - - - . 8o.11
Rarefied air, denfity 3 - - - . 8o.23
Rarefied air, denfity 5 - - - - %8
Torricellian vacuum. ~ « "« - - 5%

ESSAY

* Thofe who wifh to {ee the fubje@ touched upon above,
difcuffed at large, may perufe Dr. Craayford's Exporiments
and Obfervations on Animal Hea and the Iryfammamn of come
hg/hblc Bodics.
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ESSAY FIFTH.

On the Temperature of different Climates and
', Seafons.

R. Kirwan has treated of this fubjeét in
fo able a manner, that we can do little
more than extra& 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 fafts, which fhew, that the temperature of
places 30, 40, or go feet below the carth’s fur- -
face, remains nearly the fame all the year round
‘as thé mean annual temperature at the furface,
and that at a lefs depth the temperature varies,
in' a fnall degree, with the feafon. The fa&t
feems to be, that in winter rthe earth gives out
to the atmofphere a portion of heat received in
fummer. ‘

1

"~ The earth’s furface is the chief medium by
which the fun heats the atmofphere; for it is
obfervable

- Mﬁnal: of the Temperature of differens Latitudes,
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obfervable 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 increafe its tempera.
ture amazingly, partly on account of its finall
capacity for heat; whilft 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
condudor of heat than land, preferves a greater
uniformity of temperature; whillt land is more
fubjet to the viciffitudes 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: forefls pre-
vent the fun’s rays from reaching; hence,
wooded countries are colder than thofe open
and cultivated. 1

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
valt portion of heat is thereby abforbed, and
rendered infenfible, till being carried northward
or fouthward, the vapour is condenled, and gives
~out its heat again, which being 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 ftandard 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,
be obtains the mean annual heat of the e¢quator
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 ; mamely, if § == the natural fine of any
latitude to radius 1; then, 84 — 53 x §* = the
mean annual temperature of that latitude,

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

Table of the mean annual temperature of the flandard
Jituation, for every 5 degrees of latitude.

Lat. _temp.Lat. temp. Lat. temp, Lat. _temp.Lat. _temp,

° oo o 7o ) ol "o o7
1o 84 20 77840 -62.160 44.380 326
| 5 83625 74.545 57565 40585 314
110 82330 70750 529710 37.2lg0 31
15 80435 66.055 48475 34.6

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

1. Elevation diminifhes the mean temperature
of places. Its effeCts Mr. Kirwan ftates as fol-
lows :.
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lows: if the clevation be moderate, or at the
rate of 6 feet per mile from the neareft fea;
then, for every 200 feet of clcvauon, allow 3 of
a dcgrcc for the diminution of the mean annual
temperature.

If the elevation be 7 feet per mile, allow tofa dcgrcc.
13 feet ¥
15 feet, or’upw‘arda' i

" N. B. The elevation of any inland place may be found
fufficiently exa® for this: purpofe, by obferving how muéh
the mean annual height of the baiometer falls thort of 30
inches,. and allowmg for the difference, accordmg to. the
thcorem 1n page 81 ;. becaufe the mean annual height of the
baromcter, on a lével with the fea, is nearly 30 inches every
where.

2. Next to elevation, diltance from the ftand-
ard ocean feems to have the moft conﬁdcrablc
cEc& ‘upon the mcan annua,l tempcrature 5 j}s
amount Mr. Kirwan ﬁates, from 2 comparlfdn
of obfervations, as follows: namely, the mean
am)ual temperature, is depreﬂed or, ira\feﬁ, for
every, 5o miles diftance, nearly at the following
rate s,

From lat.. 707 9, lgt,? 352 gooled, 4 3 pg 2 degrees

35 to o — i
30 to 25 warmed
25,40 RO g
30 .10 10 e [,

R This
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Thls effect of diftance’ from the ftandard e-
~.¢ean Mr. Kirwan feems to attribute to the un-
'equal capacities of land and water for heat ; ‘but,
with deference to the opinion of fo refpe&ah]e a
"'phtlof'ophcr, I think, this alone madcquate to the
effe@.  For, if land in gcncral receive more heat
xmmedlately from the fun’in a year than water,
the mean temperature of the internal parts of
thc contment ought to be the greateft from the
c¢quator to the pole.  And if land receive Irf;
Keat, then, for ought that appears, the mean
»tcmperamrc of the internal parts of the conti.
nent might be” expeted the leatt in ‘every lati.
tude; but in neither cafe, 1 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 ¢oaft.—To account for the effe&
in queftion, we fhall thcreforc propofc the fol-
lowing thcory S
et it be firft fuppofed that Water receives a
‘greater quantity of - heat,’ from the fun’s rays,
than land in general, under every fparallel of la-
titude*; in the next place, it. will be al]owed
that a mudh grcater quant:ty of watex‘ is evapo-
i 5 rated

. h is gcnerally n‘l]owed. & tbmk, tbat land refleéts more
light than water; dnd “confequently imbibes lefs; and the
quantity of heat received will doubtlefs be proportionate 1o
the rays imbibéd,



On the Temperatare of Climates, &', ray

rated from the {ea, 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
fea there below that of the land @ in fuch cafe it
is evident, the further any place is diftant from,
the fea, the greater muft its mean temperature
be, all other circumflances being the fame. A-
gain, the farther we proceed northward, the lefs
is the quantity of water annually evaporatcd
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 cale therefore, the mean.
temperature of the land and fea will be every
whete 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, 1t appears
then, that the difference of the capacity of land
and water for heat, requires to be joined to the
fuppofition that water. receives more abfolute
heat than land from the fun’s rays, before we
can produce, a priori, a refult fimilar to what ig
ftated above as deduccd from obfervatmm

i But if we purfue the thought ftill farther, we.
fhall perhaps find, that the above {tatcinent of

‘the effe@t of diftance from. the ftandard ocean,
' is
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is not a\together compauble either with theory
or obfervation,—and at ‘the fame time draw a
conclufion of much importance to thc fubjeé&t we
are now difcuffing.

It is obfervable, that in the northern tempe.
rate zone, the internal parts of the eaftern con-
tinent are generally hotter, in fummer, than on
the coaft under the fame parallel, except eleva-
tion or fome peculiarity of foil or fituation dimi-
nifh the temperature; but the cold of winter is
fo much more fevere, that the mean tcmpe{raturc-‘
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 atmolphere a very
large portion of the fenfible heat it has in thag
feafon. And it appears in the former eflay on
winds, that the general current of air from the
'eq.uator 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 weftern 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 {now ; 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, that in the tem
perate zones,. the weftern coafts of all continents
and large iflands, will bave a higher mean tempe-
rature than the eaftern coafls under the Jame pa-
rallel, and particularly will have more muderate
winters.

‘It remains now to thew how far this inference’
is ‘countenanced by obfervation.—We are cer-
tain that the eaftern coaft of Az is much colder
than the weltern coalt of Europe ; on the eaftern
coalt ot Kamf batka, in latitude 55 N. Capt.
Covk found fuow 6 or 8 feet deep, in May, and
the thermometer was- moltly 32°; and in Janus

_ary thc cold is fometimes — 2&°, and gencrally
— 8% At Pekin, in China, latitude 39° 54" N.
longltude 116° 29" i the mean temperature is
only 555, the Arlantic under this parallel being
62°; the ufual range of the thermometer each.
year is from 5° to 98°, not unlike what it is at
Philadelphin, which is under the fame parallel.
—-—Agam, we are certain that the caftern coaft of
North America is 1o or 12° colder than the op- .
pofite weftern coaft of Eurgpe; and hence. it
may be prefumed, that the weftern coaft of
North America, or that of Cali ifornia, 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 fubje&t to the moft rigorous cold”

in
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in ‘wintef.——DBut to proceed to the other mo- -
difications of the ftandard temperature.

3. As for the effets of mountains, forefts,
feas, &c. upon the mean annual temperature of
places, Mr. Kirwan obferves, that all countries
lying to the windward of high mountains, and
extenfive fore&s, 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.
Iflands participate moft of the temperature of
the fea, and are therefore not fubject to the ex--
tremes of heat and cold fo much as continents.

RS ——

We fhall here mtroducc a table containing
the mean annual temperaturg of feveral places,
as determined by obfcrvatlon, from the * Lifti-
~mate, &c.” page 113:

North 1 Longitude, '»3::33
"Heag |
Wad{o, in Lapland .« e po° gl 36*
Abo - e 6o 27| 22°18° 1'.‘.. 40
Peterfburgh’ &« e |59 56| 30 24 F. 388"
Upfal = <« < .. - ".59 53 17 47 E. '41.88
Stockholm - - e w5920 ‘E. 42.39
Solyfkamfki - .~ - - [s59 54. - E.'g62" |
Edmbmgh Lo e s lss's7l 3 Wegny
Kefwnck"‘ R 7Y 33| 3 3W.46
X Kcndal IS . 3 17 2 46 W. 464 {"
STt e © " Fruneker

¢ Thefe two places are infésted fom PIge 39 and 301 nl this work,
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) Mean|
. Nf;g' Lolngimde. I;{)l;::l
Franeker .~ - - - 53° o] 5%z E. 5z° 6
Berlin - - - [s2°32) 13 31 E. 49 |-
Lyundon, in Rutland . 152 30 o 3 W.48.03
Leyden™ - - - - 52 10} 4 3z E. 52 25
London: - - - 51 31 ls1.9
Duskirk -« - - . lsx; 2| 2 7E. 549
Manheim - - - 40 27| 9 2 E. 515
Roven . - - - |49 26| 1 W.s
Ratifben . - . - 48 56| 12. 5 E.[19.35
Paris, - - - 148 50] 2 25 E. |52
Troyes, in Champalgne - 48 18] 4 10 E. 53 17
Vicnna - S - - |48 12) 16 22 E. ,(51 53
Dijon - -« - la7 19| 4 57 E. 528
Nantes - - . - lg7 13] 1 28 E.. '55-53
{Poitieres. " - - - |46 39| o 30E. 538
Laufanne . - - 4631 6 50°E. 4887
Padua. - . . - 45 23| 12 " E '523 ;
Rhodes, in Guienne - - |45 21| 2 39 E.| 529
Bordeaux - - - 44 50| o 36 W.57.6
Montpelier . - - l43 36| 3 73 E, 6087
Marfeilles - - - l4g-19)]5 27 E. 61.8
[Mont Louis, in Roufillon . - |42 2 40 E. i44.5
Cambridge, in New England 42 25 71 W.50.3
_ |Philadelphia - - 39 §6| 75 9 Wi 52,5,
Pekin - - - - - < 139 54 116 29 E. 55.5
[Algiers - - e . 36 49| 2 17E 72
Grand Cairo - . - .- |30 3t 23 I: 173
Canton - - |23 113 '75 .14
Thivoli, in St. Dommgo - l19. 174
Spanith Town, in Jamaica . « .. 118 1§ 96 38 W. 81
anilla. - - ' . . 14 36 120 58E l78.4
Fort St. Gcorge - - j1g '8y ‘E. 813
Ponticherry . = " '« 13 67 88 .
- : | South ‘
R ‘ Lat.
Falkland [flands  « - 51° © 7 4.
gitg e e e - |03 77 50W3

The hotte& place menuoued in thls table is Panlubmy 3
‘ the"heht theve is fometimes 1 13 or 11§°;’ which far' exceeds
’shat of the human body. The mean hcat of June is &y .4. '
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In fome parts of Africa the heat even exceeds that of
Ponml;erry.

OF all inhabited countries, Siberia feems the coldeft 3 its
great elevation and diftance from the ocean both confpire’to
make it fo. Mercury has often been frozen there by the
natural cold, which confequently exceeded ——39 The
tnean temperature of fréuws, latitude §2° 13 N, 1cmgm\éc
10§° E, from O&ober- 1780 to April 1781 Wit i 6%, 8 :

- At Peterfburgh the cold has been known -—-39 ¥ and 18
one year wuh another; at an avcxagc, —25%; the greateﬂ;
fommer heat, on a mcan, is 79°, yet once it amounted to 94.°.

General Obfervations and Inferences.

Epimate, &c. page 19. ¢ The temperatures of
dlﬂ"crent years differ very little near the equaror,
‘but they differ more and more, a thc lamudf:s
approach the poles. o R 0N

'« It fearce ever freezes in latitudes under 35 ’
unlefs in very elevated-fituations ; and i 1t fcarce

5

ever hails in latitutes hlghcr than 60%."" " (

¢ Betwéen 1atntudcs 3 5° and 6o°; in- placcs
adjacent ‘to the féa, it generally thaws when the
fun’s alntudc is 409, and feldom bcgms to freeze
unnl thc fun’s ‘?nérldlan alutude is below 4o° »

B 5 ~ L
e

Page 58.7. ¢ 'I‘he greateft- cold wnthm tﬁe '24«
hours, generally happens half an _hour bcforc
fun-rife, in all latitudes. The greatelt heat:in

all

o
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all latitudes between 60° and 435°, 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. 25° and the equator, at 1 o’clock.

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

 The coldeft 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 June; but the earth requires
fome time to take, or to lofe the influence of
the fun, in the fame 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
Auguft is generally the warmelt.

¢« 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 temperature,
than that of any other month: whence we may
/infer, that the effetts of natural caufes, that ope-

' rate gradually over a large extent, do not arrive
at their maximum, until the a&ivity of the caufes
begins to diminifh; this appears alfo in the ope-
ration of the moon on feas, which produces
tides ; but after thefe effe@s have arrived at their
maximum, the decrements are more rapid, than
the increments originally were, durmg the pro-
grels to that maximum*.

¢ The differences between the hotteflt and
‘coldeft months, within 20° of the equator, are
inconfiderable, except in fome peculiar fitba-
tions ; but they increale in proportion, as we

recede from the equator.
In’

* The foregoing 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 {uf-
ficient to determine the point. Auguft is generally the
warmeft month, and not July; the reafon of this laft I take
to be,. our mountains being topped with fnow during the
{pring, 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 :
Ofober feems the neareft to it. 'The ftandard temperature
for thofe places is 49°; the difference, being bétween 2 and
39, muft be attributed, I think, chiefly to the extenfive -
ranges of mountains and. high lands, in almoft every direce
tion ; unlefs, perhaps, we have determined the temperature
too low. See the obfervations, page go.




On the Temperature of Climates, ¥e. 131

In the higheft latitudes, we often meet with 2
heat of 75 or 80°; and particular[y in latitudes
59° and 62°, the heat of July is frequcntly
greater than in latitude §1°%

Every habitable latitude enjoys a heat of 6o®
at lealt, for 2 months; which heat frems ne.
ceflary, for the growth and maturity of corn.
The quicknefs of vegetation, in the higher la-
titades, proceeds from the duration of the fun
over the horizon. Rain is little wanted, as the
earth is fufficiently moiftened by the liquefadtion
of the fnow, that covers it during the winter;
in all this, we cannot fufficiently admire the wile
difpolition of Providence.

S ESSAY
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ESSAY SIXTH.

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

VAPORATION is that procels in nature

by which water and - other liquids are ab-
forbed into the atmofphere, or are converted
into elaftic fluids, and diffufed through the at-
mofphere; the liquid thus changed, is termed
vapour, and the vapour is charadterized 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
claftic fluids conftituting the atmofphere, or it
always exifts therein. as a fluid fui generis, dif-
fufed amongft the reft, has not, 1 believe, been
clearly afcertained.

The following circumftances are found pow-
erfully to. promote evaporation; namely, heat,
dry air, and a decreafed weight or preffire of the
atmofphere upon the evaporating furface. The
firlt and fecond are known to have that effet,
from every one’s experience ; the laft is proved
to have fuch an effed, by the air-pump. For,
when the air is exhaufted out of a receiver, a
large quantity of vapour is raifed from the wet
Jeather upon the pump plate; this vapour is
precipitated 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
Aurrounding 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, inflead 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 fubjc&
we are upon, and perhaps the quantity and mode
of the variation may not be generally known,
we fhall here intraduce 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

* Sec a note upon this fubjedt, page 136.

1 Hence we fee the reafon of the provifo, page zo, in’
determining the boiling point of thesmometers.
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has probably been done by others with more
accuracy.

Preflure upon its

Heat of the wate o &i
wherf bokl.ing-t ! ‘!;l;_rt;:.,cs;yx‘nches Rarefa ai:').n of the
212°% - 30.00 1
200 22.8 1.3
(9o 18.6 . 1.6
180 15.2 2
170 12.2 2.4§
160 945 . 3.2
150 7.48 4
140 5.85 5.1
130 442 6.8
(120 327 9.2
110 2.52 11.9
100 1.97 i5.2
90 r47 204
8o 1.03 20

N. B. M., D¢ Sauflure found the heat of boiling water
upon the fummit of mount Blanc, 186° 5 the height of the
mountain is near 3. miles above the level of the fea’; the ba-
rometer was (6 inches 14§ of a-line (a little above 17 Eng-~
lith inches,

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 falls, it appears to me,.
that evaporation and the condenfation of vapour
are not the effe&s of chymical affinities, but that
aqueous vapour always exifts as a fluid /fui ge-
neris, diffufed amonglt the reft of the aerial

‘ fluids.
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fluids.—It is true, the fa&t that a quantity of
common air of a given temperature, confined
with water of the fame temperature, will only
imbibe a certain pomon of the water, and that
the portion increafes with the temperature, {feems
chara@teriftic of chymical affinity ; but when the
fa& is properly examined, it will, I think, ap-
pear, that there is no neceffity of inferring from
it fuch affinity.

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 tem-
perature of 80°, can bear no more than 1.03
inches of mercury, without 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 abftraftedly, becomes 5 of what it
is when under the preflure of 30 inches of mer-
cury, and its temperature 212°; or, till 55 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 canmot be in that tempe-
tature, without lofing its form, and becoming
water. Thus then it appears, that upon this
hypotheﬁs, there is no need to fuppofe a chy-

micat



136 On Evaporation, Rain, 8.

mical attraéion in the cafe; and further, that &
cubic foot of dry air, whatever its denfity be;
will imbibe the fame weight of vapour if the
temperature be the fame; and laftly, that it may
be determined & 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 .oo12,
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 .00093
now the compound mafs being denoted by g, we
fhall have 459 = the vapour, and ¢ = 1 foot +
gwg s that is, ¢ = z2 foot; and the vapour =
+ footy = 14 grains. ~ 'This, it will be obferved,
is the refult of the Aypothefis. M. De Souffure
determined by the ewperiment alluded to, page
104, that a cubic¢ foot of dry air of 66° would
imbibe 11 or 12 grains of water. Hence then
it {eems probable that the hypothefis would a-
gree with experiment.~~By a like procefs, wé
thall find the weight of vapour imbibed by a cu
bic foot of air of 150°, equal to 131 grains.*
Evaporation
® 1 cannot forbear remarking in this place, that the falt
obferved by Dr. Dartin, in the Philofophical Tranifaétiond
for 1788, fupports the theory we havé here advanced, and
indeed, I think, cannot be {o rationally accounted for on any

“ather: the fa&t was, that air during its rarefaion attralle
- 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 fmall, compared to what it is in fum.
mer, From a feries of experiments made in the
~ prefent year, 1793, I found the mean daily
quantity evaporated from a veflel of water, in a
fituation pretty much expoled to wind and fun,
for 13 days of March, to be .033 of an inch in
depth, the greateft .064; for 21 days of April
the mean daily quantity was .0555 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 greateft .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 bodies, and gives off heat during
its condenfation ; now, the moment any quantity of atmof.
‘pheric air ig rarefied, its vapour muit be rarefied alfo, and
hence a portion of moifture will expand into vapour in order
to veltore 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 pnopoutiomlly, fo that the abfolute quantity of
vapour which retainsits form, will always be as the fpacc
occupled by the condenfed  air, and the refl will be precipis
tated, giving off its heat to the furroundmg bodiesi—Not-
withftanding what is here {aid, it is probable that a decrealed
preffure upon the furface of water accelerates, if it do nat fn-
creafe the evaporation, all other circumftances being the fame.
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tions, it feems probable, that the evaporation
both from land and water, jn the temperate and
frigid zones, is not equal to the rain that falls
there, even in fummer.

‘When a precipitation (or condenfation, which
ever it be) of vapour takes place, if the tempe-
raturé 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 3.°%; it is in
form of fnow; when drops of rain, in falling,
pals throw a fratum of air below 32°, they are
congealed, and form Aail.

If we adopt the opinion, which to me appears
the more probable, that water cvaporated is not
chymicz‘xlly combined with the aerial fluids, but
exifls as a peculiar fluid diffufed amongft the
reft; whenever any condenfation of it happens,
the matter muflt 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
effec, 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 be
more plaufible, and confiftent with faéts, than
that which has lately been offered to the pub-
lic, in the Edinburgh Philofophical Tranfactions,

" by
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by Dr. Hutton of that place. From a fhort re-
view of the article (for 1 have not fcen the ori-
gmal) it appears, that he confiders the varieties
of heat and cold, affeting the lolvent power of
the atmofphere, as the fole caufes of rain, In-

eced, when we confider that evaporation and
the precipitation of vapour are diametrically op-
pofite, it is reafonable to fuppofe that they thould
be promoted by oppofite caules; and as heat
and dry air are favourable to evaporation, fo
cold, operating upon air replete with vapour,
promotes its precipitation. The point upon
which we differ, 1 fuppofe will be, that he con-
fiders water chymically combined with the at-
mofphere, and that cold produces a precipitation
in a manner fimilar 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 diltin& and peculiar fluid,
condenfed into water by cold; the effe&ts ve-
fulting from the two theories will therefore be
much the fame.

The reafon then that a SW, wind in thele
parts brings rain, feemns to be, that, coming
from the torrid zone, it is charged with vapour,
and the heat efcaping as it proceeds northward,
a precipitation of the vapour enfues; but'a NE.
wind, blowing from a cold into a warmer country,
has its capacity for vapour increafed, and there-
fore we generally find it promote 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 alcend into the colder regions,
by which means the vapour is precipitated: the
fituatton of places, however, may be too high to
experience an extreme in this refpeét; thus, the
rain in Switzerland, and amongft the Alps, is
not probably greater than in the north of Eng.
land. It 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
Caflile 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.

Profeflor Mu/fchenbrock 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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‘ Mean annual rain.

‘ Inches. .
Utrecht, Haerlem, and Lifle, each . -~ 24
Delf, and Harderwick, each = = « e 27
Dort - - - . . - 40

Middleburgh, in Zealand - - - 33
Paris - - - - - - 20
Lyons - - e - - -3
Rome T 1. %
Padua - - - - - - 37%

Pila - - - - - - 34
Zurick, in Switzerland - - - - 32

Ulm, in Germany - - “'  m 26%
Wittenberg - - - . - 16}
Berlin - - - - - - 19,:
In Lancathie =~ - - -, - < a1
Upminfter, in Effex - - - - 19%

Bradford, in New England (2 years)* - 3.4

Langholm, } d ) _ 36 +
Branholm, § ' Scotlan t o 31+
Keudal - - s e e - O4F

Keflwick - - - - - 68. 5

From the table of the mean monthly rdin at
Kendal and Kefwick, page 38, it appears, that if
we would pitch upon 6 fucceflive months, which
together produce more rain than any other 6
{ucceflive 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 rain in the former period a-

mounts

*: American Philfophical Tranfactions. |

*+ Edinburgh Philofophical Tranfattions,
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mounts to 40.4, and in the latter to 28.1.—
The teafon of this feems to be, that, in the for-
mer period, the temperature of the air is de-
creafing, and confequently its capacity for vapour
alfo ; which circumftance is an additional caufe
of the precipitation of vapour. In the latter
period, the capacity of the air for vapour is in-
creafing, which occafions a lefs precipitation.

“When a precipitation of vapour takes place,
a multitude of exceedingly fmall drops form a
cloud, mift, or fog; thefe drops, though 8ce
times denfer than the air, at firlt defcend very
flowly, owing to the refiftance of the air, which
produces a greater effec as the drops are fmaller,
as may be proved thus:— Let d = the diameter
~ of a fmall drop, and #d = 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*a®, refpe&tively; but the magnitudes are
as d* to #’d®, or as 1 to n*, whence, if the large
drop be divided into others of the fame magm-
tude as the fmall one, the number will be = #* ,
and the refiftance to them falling, as #°d*, whilft
“the refiftance 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 {mall ones,
moving with the fame velocity, as the diameter
of one fmall drop is to the diameter of the large
one, and the force being conftant, the time of
falling through a given fpace will be greater
‘ ~ when
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when the drops are fmall- than when large.
From this it appeéars, 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 fratum of air capable of im-
bibing vapour, they may be rediflolved, and the
clouds not defcend at all ; and if the ain’s capa-
city for vapour increafe, they may be all im-
bibed, and the cloud cntirely vanith. On the
other hand, if the precipitation 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 earth’s furface.—~What is
faid of rain, will likewife hold of fnow, except
that the {mall particles coalefcing form flakes, 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-
ftraining 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 riling and falling in the atmofphere, was fuggefted
by a plilofophical friend and acquaintance; and it appears
0 me very rational and confiftent.
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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 beight of the under furface
of the grofs clouds only. The fnall white ftreaks
“of condenfed vapour which appear on the face
of the fky in ferene weather, I have, by feveral
careful obfervations, found to be from 3 to 5
miles above the earth’s furface.

When vapour is condenfed into {mall 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 fuppofcd to be warmer than that above;
but it is an inconteftable fa&, that after fun-fet,
and during the night, in ferene weather, the air
is coldeft at the earth’s furface, and grows warmer
the higher we afcend, till a ‘eertain moderate
height (perhaps from 20 to 100 yards, or up-
wards), this I have often obferved myfelf, before
1 happened to fee it elucidated, by a feries of
experiments, in the Lettres phyfiques, ¢, Tom,
5, page 561.  And accordingly we find, 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,
becaufe when clouds or winds prevent it, there
is little or no dew formed.

We fhould fcarcely be excufed, in concluding
this effay without calling the reader’s attention
for a moment to the beneficent and wife laws
cltablithed 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, {o as to form one well regulated
{yftem, or whole.—In the torrid zone, and we may
add in the temperate and frigid zones alfo, in
fummer, the heat produced by the adtion of the
folar rays would be infupportable, 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
condenfation of vapour contributes to keep up
the temperature, and prcvcnt too rapid a tran-

fition to winter.
v ESSAY
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ESSAY SEVENTH,

Ou 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 fubfifting betwixt the weight
of the atmofphere and its difpofition for rain,
from the faéts afforded us by obfervation,—and
we may at the fame time confider what further
arguments can be obtained in fupport 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 fucceflive 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-
{pect, the rain and the barometer are juft the
reverfe of cach 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 barometer was
higheft, and proceeding regularly on to the low-
eft; and again, beginning with that month on
which there was lealt rain, and proceeding to
that on which there was moft.

Barometer high. Barometer low.

May, Aug. June, Mar. Sept. April. | Nov. Feb. O&o. July, Dec. Jam.

Dry montbs. Wet montbhs.

Mar. June, May, Aug. April, Nov. | Oéto. Feb. July, Scpte Jan, Dec.®
Now it is obfervable, that the evaporation is
greatelt from March to Auguft; 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 firong ar-
Va2 , gument

* By making the arrangements for Kendal alone, and
‘taking in the prefent year, 1793, till Auguit, and part of
1787, we obtain the followiug :

Bar. May, Aug. June, Mar. 3ep, April, Nov. Feb, July, O&. Jan. Dec,
Rain. Mar, May, June, April, Aug. Q€. Nov, Feb. Sep. July, Jan. Dee,
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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 {tate of the barometer at Kendal
was 30 inches or above; g months when it was
29.9, or from 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 to
examine the relation of the barometer and rain,
it will be proper to find the mean monthly rain
for thofe diltributions of the months when the
mean ftate of the barometer was nearly the fame.
This we have done, and the refult follows,

Mean ftate of the{Number! Mean monthly rain in the different|

barometer, at]  of dlﬂnbunons, in inches.
Kendal, months,! ~Kendal. | Kefwick. [ London®,
30 + 6 | 2.605 2.511 ‘| .212
29.9 + 9 | 3362 4018 835
29.8 + 1y 5402 | '5.676 1.846
20.7 + 13 6.184 6.449 2.100
295+ y 7116 | 7.198 1.340
9.5 + 6 | 6798 | 7.533 898
9:4 + 1 3.306 | 3.600t | 3.253

934 | ¢ | 8369 i11.357

| The

* The account in this column, is the refult of the 3 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 30 plus, &c. the reft arc for 7, 11, 8, 2, and ¥ months, refpetively,

" 4 There was no rain-gauge this month at Kefwick; the quantity fet
down is got by comparifon only,
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The inferences to be drawn from this table
are, 1ift, 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 decreafe
again. '

The firflt of thefe inferences, being conform.-
able to common obfervation, was expeted; but
the conclufion in the fecond, that the monthly
mecan ftate of the barometer may be o0 low to
be attended with the maximum of rain, was not
apprehended till the preceding table, which {eems
to warrant it, was digefted. However, it was
immediately perceived, that the point might be
cleared up, by felefting 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 conducive to the greateft quantity of rain.
—The refult 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 refpe@ively: as for the other
56 days, on each of which there was more than
1 inch of rain, the mean ftate of the barometer
upon the whole of them was 29.47, and for 54}

: °
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of thofe days the barometer was between 29.03
and 29.81; 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 place, or, in round numbers, 29
inches, which is a little above the mean of the
two great extremes obferved in January 178g,
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 29 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
falts we may conclude, that when the barometer
is very low, the probability of its being fair is
much fmaller 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
times, which is confiftent with the conclufion

obtained
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ebtained from the fadts 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
extreme for the month, as ftated at page 16
only 7 of thofe days were wet, and the rain in
very {mall 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
appeans confiftent with the theories of the ba-
rometer and rain; when the barometer is above
the mean hxgh extreme for the feafon of the
year, the air muft, relatively fpeaking, 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
degree of cold can then be expeted, and there-
fore in neither cafe can there be any confider-
able precipitation : on the contrary, when the
barometer is very low for the feafon, 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



152 Relation of the Barometer and Rain.

the barometer. From which it follows, that no
very heavy and continued raing can be expefted
to happen whillt the barometer actually remains
about the low extreme, but they muft rather be
the confequence of a junétion or meeting of ex-
tremes, which at the fame time effets a mean
ftate of the barometer.

ESSAY
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ESSAY EIGHTH:

On the Aurora Borealss.

AS 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 ftrik-
ing phenomena, the aurore borcales, 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
appearcd that explains the generdl phenonicna
in fuch a-manner as to procure the acquiefcence
of any rational enquirer, it was natural to ex-
pe&t that his attention would occafionally be
turned towards an inveftigation of the nature
and caufe of the qurora.

X It
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It' feemed to be fufficiently proved that the
aurora was not without the earth’s atmolphere,
though he had never feen any thing done which
afcertained 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 15 or
20 Englith miles, he was unwilling to admit of
the greater height of the awrora, unlefs com-
pelled to it by the refult of careful and accurate
obfervations. The prevailing idea too that the
aurora may be beard, was another mcans 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 thould be fecen over‘a vaft extent of
country, with much the fame circumftances, and
that fome of them fhould appear in Irance,
Spain, and Iraly, whillt they fo very feldom pafs
-our zenith in the north of England, was a very
ftrong 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 exiftence of an elaftic fluid at the
height of 60 or 8o miles at leaft, which far ex-
cecds the height of the atmofphere as prefcribed
by the obfervations upon the. barometer, or
even by the twilight; and if the armofphere

excced the height of 45 or s5o 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 expedicncy
of determining, by actual obfervations, the real
height of the aurora borealis. 'Uhis he thought
might be accomplithed by the afliftance of his
friend and colleague in the bufinefs, Mr. Cro/-
thwaite, of Kefwick, who having for a long time
been accultomed to make fuch obfervations, was.
the more eligible for the purpofe ; but the man-
ner of doing it was firlt to be determined upon,
as the great difficulty was to afcertain that the
obfervations were cotemporary, and made upon
one and the fame objedt.

As the aurora often confifts of upright beams,
efpecially when higl 1above the horizon, and thefe
feldom continue one minute 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 pamcularly what
the real form of the beams is when ftript of the
optical illufion, which muft accompany all ob-
je&s feen at a great diftance in the atmolphere,
namely, that of appearing to coincide with the
blue vault, or {ky, and to conflitute a part of its
fpherical furface. A very moderate fkill in op-

tics was fufficient to convince him, that as the
X2 luminous
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luminous beams at ‘all places appear to tend to-
wards one point about the zcnith, they mufl in
reality be ftraight beams, parallel* to each.other,
and nearly perpendicular to the horizon; and
from the appearance of their breadth, they mult
be cylindrical. Thefe circamftances accounted
at once for the aurora 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
fuccellion 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
circumitance 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 circumfitance
deferved to be kept in view; and it appeared,
from oblervations made upon the aurora 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 Tranfactione for 1790, in which he finds this idea is
fuggelted by H. Cavendifh, Lfq. ¥. R. S. and A. 8.



On the Aurora Borealis. 5y

Thus ftood the author’s knowledge and ideas
upon the fubjeét in the autumn of 1792.—~The
very grand auwrera in the evening.of the 13th of
O&ober, 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 exactitude with which the needle
puiated to the middle of the northern concentric
arches: foon after, the grand dome being form-
ed, it 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 direion of the
dipping-needle, it followed, from what had been
done before, thar the luminaus beams at that time
were all parallel to the dipping-needle. It was
eafily and readily recollefted at the fame time,
that former appearances had been fimilar to the
prefent in this refpeét, that the beams to the eaft
and weft had always appeared to decline con-
fiderably from the perpendicular towards the
fouth, whilft thofc to the north and fouth pointed
direCtly upwards, the inference therefore was
unavoidable, that the beams were guided, not
by gravity, but by the earth’s magnetifin, and the
difturbance of the needle that had been here.-
tofore obferved during the time of an aurora,
feemed to put the conclufion paft 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 tuke
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 cxtent 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 goth of March, 1793.*

We.

* It may -not he improper here to advert to a circum-
ftance, which, if not noticed, may be a means of fubjefting
the author, in {ome degree, to the imputation of plagiarifm.
———The advertifements refpe@ing this work were printed.
en the 1ath of April, 1793, in avhich the difcovery above

‘ mentioncd
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'We fhall now proceed to ftate the different
parts of this eflay, difpofing them into feparate

{e&tions, as follows.
SECTION

mentioned was announced as an oviginal one, and never be-
fore publifhed ; the author not knowing that any one had
publifhed the moft diftant intimation of their afcribing the
phenomena of the anwrora borealis to magnetifm.  Ouw .the
19th of 'faid month, George Birkbeck, of Settle, an ingcnious
and intelligent young man, a fubfcriber to this work, in-
formed the author, that an anonymous perfon, in a certain
periodicdl publication, had given an cflay on the aurora bo-
realisy in which, amougﬁ‘ other conje@tures, he had advanced
the opinion that it might be occafioned by the earth’s mag-
netifin ;—he was {o obliging as to tranfmit the author a copy
of the effay itfelf, which may be feen in a work entitled
Mthematical, Geometricaly, and Philofophical Delightsy No. 1.7
publithed May 1, 1792, under the infpeétion of a Mr. Whiting,

The author, who {ubfcribes himfelf Amanuenfis, ftates his
eonjectures to the following purport, viz,

rft.- He fuppofes that magnetic efinvia are conftantly if-
fuing from the earth’s magnetic pole in the north; and that
thefe efuvia, which he confiders of a ferruginous nature, fly
off in every dire&ion along the magnetic meridians ; he then
conjetures that the fulphuxous vapours, riling from the
many volcanos in the north, mixing with the magnetic ef
fluvia, may catch fire, and fulgurate,

* 2d. He conje&urcs that inflammable air having caught
fire, may receive a magnetic dire@ion, by the current of
magnetic effluvia; he fubjoins to this conjeture, fome very
juft obfervations on the aurora, which we fhall have occafion
to mention hercafter.

3d. He conjefures that ¢ a highly fubtilized acrial nitre
“ always enters into the compofition of an aurora.”

4th.
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SECTION FIRST.

Mathematical Propofitions neceffary for illuftrating
and confirming thofe concerning the
- Aurora Borealis.

PROPOSITION 1.

ALL lines or finall 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 natare.

sth. He afks, ¢ May the luminofity be conveyed on the
“ magnetic cffluvia, as the clefiric on an iron wire I

6th.  He conceives the reafon why the aurora is fo frequent
mow i8, becaufe there are more volcanos in the north,

1 thould fuppofe that thefe conjeQures, as far as they refer
the phenomena of the aurora borealis to magnetifm, are ori-
ginal; and from the time of the publication it might be ful
pe€ed that I received the firft hint from it; this however
was not the cafe, this work being 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 firlt furnifhed
me with the preceding conjetures ; befides, it will be feen
that my epinions are, for the molt part, very different from
thofe ftated above.~——It is not meant by this to depreciate
the merit of the ingenious 4manuenfis, who will probably be
well fatisfied to fee that the {uppofition of a relation be-
tween the awrora borealis and magnetilm, which ‘probably -
firlt occurred to him, is capable of being proved to a de-
monftration.
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arches of a circle, in whofe centre is the eye,
bounded by lines drawn from the eye to the exs
tremities of the objects.

£

DEMONSTRATION.

. The femicircle AmnotgrsB P reprefents a part of
any plane paffing through the eye, fuppofed to be at P, the
centre; A4 P B the interfe@ion of the faid plane with the
plane of the horizon ; the arch of the femicircle reprefents
the interfedtion of the firlt mentioned plane with the blue
canopy or fky s MN, 0T 2, and RS reprefent three cyline
drical beams feen at a diftance, whofe axes are in the
plane Amuotgrs BP indefivitely extended. Then the
obje®t MN being at a confiderable dittance, as 5, 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 NV is
more diftant ; in fuch a cafe, therefore, nothing appears to
the contrary but that both ends are equally diftanty and that
MN is an arch of a circle in the {ky, with the eye in the
centre; and this in fa@ is the judgment that is uniformly
made in the cale, For it is known to every one, that ce~
Meitial objets, and obje@s at a diftance ia the air, as the fun,

mosn;
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moon, :'liars, meteors, &c. all appear at the fame diftance,
though nothing can be more difproportionate than their real
diftances; that ig, they all appear as if fitvate in the fky
hence then the objeét MN will appear as the arch mn,
0 T2 as the arch 0#g, and RS as the arch ro. Q. E. D.

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

C‘o?o//ary. 2. Hence alfo it follows, that if an
ohjy;.& appear. to_ be the arch of a great circle to
two oblervers, fo fituate that they two, and the
objedt, are not all in the fame plane, the obje&
mult be a ftraight line, or fmall cylinder, be-
caufe it muft neceffarily be wholly in two planes,
and conlequently in their common interfeétion,
which is a ftraight line (Euclid, 11 and 3).

PROPOSITION 1I.

Imagine a cylindrical beam, as 4 E, elevated
in the air, and viewed from a f{tation on the
earth, at a diftance, as in the laft propofition’;
and fuppofe the beam fo fitvate that a perpen.
dicular CP from C to the fide of the cylinder
BE may fall below B, or in the prolongation
of EB; then, I fay, the beam will apper broad-
¢l near the bottom, and narfower as it afcends,
that is, its fides will appear bounded by the cire
cumferences of two great circles, haying their
common interfelion in a line C¥ parallel to BE.
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DEMONSTRATION,

Bv the laft propofition the lines bonnding the eylinder
longitudina]ly will appear as arches of great cirelen; and if
the line B4 be fuppoled to he extended indefinitely, the ans
gle PCE increafes, and when B £ becomes infuire, CH
coiacides with CF, and the angle PCV = a right oney
and the very fame conclufion will follow if a perpendicalar
be let fall from C upon 4D, or :l/ny other line parallel to
‘B £ ; therefore all right angles pavallel 10 BE will appear
arches of circles, which, if prolonged, would interfcét cach
other i the line €, and the fpace bounded by any two
arches will grow narrowcr from P towards 7. Q. L. D

-Corullary. - If there be a number of beams
raﬁged all over a tranfparent plane parallel to
the horizon, at the height of 4 B ; and if thefe
beams be parallcl to the beam .7 E, then they

will all -appear to converge towards ¥, fiom
every point of the horizon.

Scholium. The appearances of the extremities
of the cylinder are not here confidered; but it
would be eafy to prove they muft appear clhpucal

Y 2 PRO-

o
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PROPOSITION III.

Let there he a feries of cylindrical beams,
DF, KL, &c. equal and parallel to cach other,
all in a plane perpendicular to the horizon, and
at equal diftances from the horizon; and let
A B be the interfeCtion of the plane with the
‘horizon ; "Huol its interfettion with the fky; C
the centre of ‘Hwvl, the place of obfervation ;
and Cwo parallel to the beams; then, firft, the
beams will appear to rife above each other fuc-
ceflively, in the fky, 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 thofc neareft the ho-
rizon narroweft.
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DREMONSTRATION.

Join €D, CF, CK, and CL; then the bafe K will appear
higher than the bafe DD by the angle DCK, and the vertex
L higher than the vertex F by the angle FCL, and fo on
for the reft of the heams, till the angle reprefented by FCL
is equally divided by a line from C to the zenith ; afterwards
the contrary takes place. The angle under which the dia-
meter of the beam appears, being {uppofed fmall, will he
nearly as the diftance inverfcly, and thercfore greateft at
the zunith, and lefs below, in p;opomon ag radius to the
fine of ¢levation, Q. E. D,

PROPOSITION 1V,
The fame Figure remaining:

If the beams are equidiftant, and if C M N,
Cmn be drawn on each fide of v, o as to touch
the bafes of two beams in M and m, and the
vertices of the two next beams in N and x;
then all the beams included in the angle NC»
will appear diftin¢t, and all thofe below, on both
fides, will partly cover each 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 crofled
by a right line from C,

PEMONSTRATION,

The firft part is obvious, fiom the clements of geometry ¢
and from the priuciples of optics, the diltance of the beams
makes no difference in their apparent brightnefs, unlefs whag
arifes from the want of perfe& tranfparency in the atmofs

phets,
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phere, which fomewhat obfcures diftant objeds; hence, the

greater the number of beams croffed by a right Jine from G,
the deafer will be the light in that dirc€iou. Q_E b’

PROPOSITION V.

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

DEMON«

* T'o do which, fee the laft book of Siﬁvpfau’n Geometry,
prob, 43. third edit.
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DEMONSTRATION.

Draw any line, DK'S, to cut the circle in K, and meet
the horizontal line in §; join FX and FS; then the angle
DKF = angle DeF (Euclid, 3, 21) ; and angle DKF is
-greater than DSF (Euclid, 1, 21).

Draw oc¢ perpendicular to the horizon from the centre
of the citcle o, and bife& DF by the perpendicular G,
and join 0D ; then, fince the angle D¢ F is given, DoG
is given alfo, being = D¢ F (Eudid, 3, 20); alfo the an-
gles G and Aco being right, and angle A4 given by hypow
thefis, angle Go¢ is given allo, and confequently Docy
and the triangle Doc¢ bring. ifoceles, the anglesat /) and &
are both given, and angle 4¢.D allo, being the complement
of Dco; whence it will be

Sine AeD : fide AD :: fine 4: fide e D;

Aand fine Doc s fide c D :: fine Den: fide Do

- And radius : fide Do :: fine DoG : fide DG = 4 DF,
which gives the ratio of 4D w0 DF. Q_E.D.

Scholium. We have here fuppofed the angle
A acute; but if it be taken obrufe, or the ob.
fervations 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 oG be produced to
O, fo that upon O, 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
horizontal line, as before:

 SECTION
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BECTION SECOND.
Phenomena of the Aurorz Boreales.

THE appearances of the aurora come under
four different defcriptions. Firlt, a horizontal
light, like the morning aurora, or break of day.
—Second, fine, flender, luminous beams, well
defined, and of denfe light ; thefe continue 4, §,
or 1 whole minute, fometimes at reft apparently,
but oftener with a quick lateral motion.—"Third,
flajbes pointing upward, or in the fame dire€tion
‘as thé 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, flafhing 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 place, thofe appear-
ances feem to fucceed each other in the following
order :—Firft, the faint rainbow-like arches
fecond, the beams; and, third, the flathes: as
for the northern horizontal light, it will appear
‘in the fequel to confit of an abundance of

JSlafhes,
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Mifbes, or beams, blended together, owing to the
fituation of the obferver relative to them.

The{‘c diftin&ions, and the terms approprmtcd
for them, muft be kept in view, in attending to
the following phenomena.

PHENOMENON I.

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

This 1e conforrhable to my owd obfervations, and to all
the accounts I Lave feen of the aurora.

PHENOMENON II.

« The rainbow-like arches all crofs the magnétic
meud:an at right angles; when two or more
appcar at once, they are concentric, and tend to
the magnetic eaft and weft ; alfo, the broad arch
of the horizontal light tends to the magnetic eaft
and weft, and is bifected by the magnetic meri«
dian ; and when the aurora extends over any
part of the hemifphere, whether great or fmall,
the line feparating the illiminated part of the
Lemifphere from the clear part, is half the cira
cumference: of a-great circle, crofling the mag-
netic meridian at right angles, and terminating

By
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in the magnetic eaft and weft; moreover, the
beams perpendicular to the horizon are only
thofe on the magnetic meridian,

Thefe have been the uniform appearances at Kendal for &
feries of obfervations paft, as has been related ; and from re.
eollc&tion, and the notes made upon former appearancu, ue
well as from the inference to be drawn from the later obfer-
vations, I have no doubt the whole lift. of the aurore were
conformable to this defcription.

The accounts from K_/rwi:l corroborate the fame; the hori.
zontal light 1s defcribed as extendmg from WSW. to- ENE,
and ite higheft part in the middle, or '‘NNW. or, when paft
the zenuh SSE *,.—As for the vertical Rreamers, then de-
clination from the vertical circles being fo finall, cxcept about
the eaft and weft poiats, it is no wonder if there be fome la-
titude in thefe obfervations, wheu the eye is to judge 5 we
do not find, however, that this latitude has exceeded 10°
from the magnetic meridian. '

That this phenomenon agrees with the obfervations made
in England, France, Germany, &c. in the beginning of this
ecutury, when the aurora firft appeared, we learn from the
following extra@ts from the Tranfa&ions of the Parifiam
Academy. ‘

1707. March 6, between 7 and 10 in the evening, M.

Leibnitz fays an aurora borealis was obferved at Berlin ;. there.

- were two luminous an.hea, one above the other, both direétly
northward,

* The horizonta] arches, indeed, do not always appear to extend juft te
the magnetic eaft and weft, but often to full fhort of. and fomet:mes 0
Afurpify thofe points; the rea’on is, we judge of its extent from its vifibility
‘above. the fenfible horizon, and the-Light is tither fo faint by the great dife.
tance, or objefls intervene, that we feldom fee the extremity of the archy
within 2 or 3° of the horlzon ;. this contra&ts or enlarges its vifible sxsens

staazingly, when the arch ks 2 fmall angle wish the hotisen.
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morthward, their concavity turned downwards, their chords
parallel to-the horizon,mw=—The variation of the needle in
Germany, &c. at that time, was very little from the true
north. ' ' ‘

1716. M. Miralli deféribes the horizontal lights of the
r1th, 1zth, and 13th of April, as having all the fame fitva-
tion, numely, extent from 45 or §0° W. to 35 or 30° ealt,
of the meridian,—~—The variation at Paris was then about
1 point welterly. '

w—eMarch 17. a rainbow.like arch was feen at Breff;
it extended from E. to W. croffing the meridian fouth of

- the zenith; foon after, a horizontal light was feen, extent
from NW. to NNE. '
w—e—At Rouen, the fame night, a horizontal light was
feen; its extent from 10° E. to 25 or 30° W. ,
" e At'Neavark, in Nottinghamfbire, it was feen between
the NW, and N. .

One feen at Copenbagen, February £, 1707, is fuid to have

extended from WNW. to NNE.

 September 12, 1621, Gaffndur oblerved an horizontal
light, at 4ix, in Provence 3 it extended between the {ummer
rifing and fetting.——N. B. "I'he variution then was a little
to the eaftward.

1718. March 4. M. Miraldi obfeived an horizontal
light ; exteut from NW. to NE, but declining about Q"
more to the welt,

Thefe obfervations, compared with thofe 1ecently made, '
fufficiently indicate that the pofition of the horivontal iights
and arches, changes with the needle, and is now much mora

wefterly than formerly®,
L Z2 It

* Since writing the above, I find in the Philofophical Tranfactions of the
Royal Society for 1790, vol. 80, feveral accounts of the rambow.like arches.
In Art 3. Mr, Hey, after dzferibing fover darches, fays, “ the polus of all the
« complete arches which I have feen had a aurfferm variation from the pole

" & of the equator.* In Art. 5. Mr. Hurchinfan defcribes one feen on
the 23d of February, 1784, at Kimboltory (63 miles NNW. of * ondon) te
have extended from ENE. to W3SW.; and a defeription #f the fame ap.
poalsice, et difforing clleutially, is given in Art, 4
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It thould, however, be obferved, that this phenomienon iv
to be underftood as general, rather than univerfal; becaufe
the horizontal lights, and arches, are fometimes interrupted,
which caufes the anrora to be feen occaﬁonally almoft wholly.
to the eaft or welt of the magnetic meridian § but on all fuch
occafions I have obferved the inclination of the eams inva<
riably the fame, in the fame quarter of the heavens, as far
as the eye could judge. In fa&, if the horimontal lights,
&c. were not interrupted, the zone of light muft quite fur-
round the northern parts of the easth, at every appearance,
which we arg pretty certain is feldom, if ever, the cafe. ‘

PHENOMENON 1.

That point in the -heavens to which the beams
of the aurora appear to converge at any place,.
isthe 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 muflt be in the mag.
netic meridian 5 and this point, from the beft obfervations I
cgn malee, i3 between 70 and 95° from the fou1h~ which
agrees with the obfervations at thwztl ¢ and it appears that -
the dipping-needle in Lingland points to that part.—My notes
upan the gurore for 4 oc 5 years paft ftate the point of cone
vérgency to the fouth of the zenith, when a crown was
formed, and I believe the remark has been generally made,
awherever the appearance was feen and attended to—Kircher
obferved the point 29° fouth of the zcmth, at Berlin,

In fupport of the two laﬂ: phenomena I might alfo quote,
the ingenious Amanuenfis whom 1 have mentioned in the ine
trodué’cmn to this cffay 3 he fays, ¢ that the lucid columns,
$ or radiating flalhes of the aurora borealis almoft always
¢ fhoot off from thc north to the fouth, correfponding in a;

113 gﬁat
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. great mealure to the magnetic meridian. Awd I hiave
¢¢ conftantly obferved”” (adds he) ¢ the corond, concourfey
¢ or concentration, if I may fo call it, of thefe lucid rays
% near the zenith, {o much to the eaft of it ‘as an{wered -
* nearly to the weltern declination of the common magnetier
# needle,~—and I think I never obferved the corons te the
¢ weftward of it.

PHENOMENON IV,

The leams appear to rife above each other in
fucceffion, fo that of any two beams that which
has the higher bale has the hlgher fummit alfo,
or its fummit nearer the point of concourfe;
the angle fubtended by the length of each beam
is not the fame, it being greatelt about half way
from the horizon to the zenith, and lels above
and below ; allo the beams to the fouth fubtend
lefs angles than thofe to the north, having the
fame altitude.—The greateft angle to the north
feems to be about 25 or 30%; and that to the
fouth 15 or 20°

PHENOMENON Vi

Every beam appcars 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 feem about 3° broad, and the loweft 1°,.

| The
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- The two laft phenomena 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 therefore
be left to future obfervations to determine more accurately
the angles under which the beams appear in different paits
‘of the hemifphere.

P ————

SECTION THIRD.
Propofitions concerning the Aurora Borealis.

PROPOSITION I.

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

The beams muft be parallcl to each other, from Corol. to
Prop. 2, and Corol. 2, Prop. 1, Se&. 1; and from Phenom,

1. Hence, and from Prop. 2, Se@. 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, Se&. 1, and Phenom. 3, it

" follows, that the beams are parallel to the digping-needle ;
and as the beams are fwimming in a fluid of equal denfity
with themfelves, they are in'the fame predicament as a mag-
netia bar, or needle, fwimming in a fluid of the fame fpecifi
- gravity
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gravity with it{e}f; but this lait will only relt in equilibrie
when in the direfion of the digping-needle, owing to what is
called the earth’s magnetifin ; and as the former alfo refts in
that pofition only, the effe@s being fimilar, we muft, by the
. rules of philofophizing, aferibe them to the fame canfe.ww
Hence, then ‘it follows, that THE AURORA BOREALIS 13 A
MAGNETIC PHENOMENON, AND ITS BRAMS ARB GOVERNED
BY THE EARTH’S MAGNETIEM *,

PROPOSITION 111,

The height of the rainbow-like arches of the
anrora, above the earth’s furface, is about 150
Englith miles.

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

. PRO=-

* 1 am aware thac an objetion may be ftated to thu;---lf the beama
be fwimming in a fluid of equal denfity, it ‘will be faid they ought to be
drawn down by the adtion of the earth's magnetifin, Upon this I' may
abferve, that it is not my bufinefs to fhew why this is not the cafe, becaufe
1 propofe the magnetifin of the beams as a thing demontftrable, and not as
an hypothefis, We are not to deny the caufe of gravity, becaufe we cannok
thew how the cffect s produced....May not the difficulty be leffened by
fuppofing the beams of Jefs denfity than the furroundmg ﬂund.

+ Since writing the above, I find Mr. Cavend; ifp has, in’ Art. 10 of the
Philofophical Tranfactions for 17go, calculated the height. of an arch. ob.’
ferved at different places, on the 23d of February, 31734, to be betwixt 53.
and 71 miles.-~-But, with defercnce, T would remark, that the obfervations
above mentioned appear to. me better circumftanced than thofe upoa
which his calculation i founded, and therefore the sefult of them mere oy
Wt relied upon. '
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PROPOSITION 1v.

The beams of the aurora are fimilar and equal
‘m their real dlmcnﬁons to one another.

: Thu is not ?capable‘ of firi& demonftration, for want of
tore exaft obfervatioss s it is, however, rendered extrémely
probable from Prop. 3 and 5, Seét..1, and Phenom. 4 and:5.
~—~Indeed the phenomena are almoft irreconcileable to any
other fuppofition.

-PROPOSITION V.

-, The diftance of the beams of the aurora from
thc earth’s furface, is cqual to the lcngth of the
beams, nearly.

+ Allowing the truth. of the lak propofition, and comparing
Prop. 5, Se&. 1, with Phenom. 4, we. fhall find the phenon
menon to agree beft with the fuppofition of the equality of
the diftance and length of the beams..

-"We have here fubjoined the refult of a calculation of the
angles fubtended by the bcama, on three different fup oﬁ-
tions, namely, 1ft, 'when the lerigth of the beams Ty cg I'ta
thcnr diftance from the earth; zd, when the’ length is buf
Kalf thar diftance ; and, 3d, when it is twice the diftance.s
The caleulation is eafily made by inverting Prop. ¢, Seét. 1,
ind fuppofing the point ¢ variable, where we have the ratio
of AD to DF, iriftead of the angle DcF given 5 “the bcami'
are fuppofed to be thofe in the plane of the magnetic meri-
gdian, both north and fouth of the zenith, and their bafes are
taken st 309, 20, 30°% &c. altitudes.  The angle F4c¢ in
fuppofed 72, . ‘

‘When accurate obfervatxona fhall be made, I have no,
doubt the anglcs on the 2d fuppoﬁuon will be found tog,
little, and thofc on the 3d too great, Anglec
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Anles 14D : DF 11 1 :I‘AD:DF::x:;AD:DF::x ‘2
AcD &| Angie Angle | Angle Angle | Angle Angle
AGD.\DcF..  DCF.DcF. DCF.\DcF. DUF.
- 10° [10° 307 89 27|'5% 14 3° 25(20°§1 15°23"

20 |19 32 13 410 7 7 16135 2 21 27

30 |24 §2 14 1213 42 8 22|40 10 21 33
40 |26 34 12 solis 33 7 56139 46 18 27
50 125 36 9 4815 43 6 1636 27 13 36
6o |22 48 5.43 14 32 3 45|31 23 7 45

[e]

70 |18 53 1 12 21 4025 26 1 20}
8o (14 15 9 28 18 58
90 | 9 14 6 11 |1z 18
o 14 4 2 44 ‘ 5 24

Scholium. It is very probable the rainbow-like arches are
either at the top or bottom of the beams, and I am inclined
to think they are at the top, not ouly becaufe their light is
faint, but becaufe the beams fhould be feen at a much greater
dnﬁancc than it {eems they are, 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 6o 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 thid propofition, be 75 miles high,
and the whole length of the beams about 75 miles, or, more
nearly, 75 miles X ,.?3‘.‘_‘5_. And if the diameter of the
bafe be ¢ of the length, e1ch luminous beam will be & cy-
linder of 74 miles in diameter, and 75 miles long®.

Aa N. B.

* Il a magnet be required to be made of a given quantity of fteel, it is
found by experience to anfwer beft when the length is to the breadth as
10to 1 nearly : it is a remarkable circumftance that the length and breadth
of the magnetic beams of the aurera fhould be {o nearly in that ratio,---.
Query, if a fluid ma(s of magnetic matter, whether elaftic or inclaft.c, were
{wimming in another fluid of equal denfity, and acted on by another mag-
net at a diftance, what form would the magnetic matter affume?  Is is
not probable it would be that of a cylinder, of proportional dimenfions to
the beams of the aurora P
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N.B. An objeét elevated 75 Englifh miles may be feen
at the diftance of 10 geographical degrees; if elevated 150
miles, it may be feen 14°; if 300 miles, 20°.

PROPOSITION VI.

That appearance which we have called the
borizontal light, 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, Scéi. 1, reprefents a feries of
beams {uch as thofe of the aurora, fituate in the plane of the
magnetic meridian, and C the place of obfervation. And it
is proved in Prop. 4, Se@. 1, that the lights of the diftant
beams in that plane will be blended, to a certain clevation,
to the obferver at C. Imagiuc a feries of planes parallel to
the plane of the magnetic meridian, with beams fituate in
them likewife ; then, from the prmcxplcs of optlcs, the
vows of beams in every two of the planes will appear to
approach cach other, as the diftance from the obferver ine
ereafes; and when that diftance becomes indefinitely great
they will all feem to coincide ; hence the beams will appear
blended, both horizontally and perpendicularly, and will
confequently conftitute a large zone of denfe light. This
zone muft appear at right angles to the magnetic meridian,
becaule it is obferved (Phenom. 2.) that when the beams of
the aurara extend over a great part of the hemifphere, they
are always bounded by an asch crofling the magnetic meri-
dian at right angles.

SECTION
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SECTION FOURTH.
Theary of the Aurora Borealis.

IN the preceding fetion we have deduced
the nature of the aurora, merely by combining
- mathematical principles with the phenomena;
the conclufions, therefore, are not drawn from
bypothefis, but from fuéts, and muft hold, as far
as the faéls are well afcertained, and the prin-
ciples truly applicd.—In this fetion we mean to
propofle fomething by way of hypothefis, to ac-
count for thofe phenomena.

~ The light of the aurora has been accounted
for on threc or more different fuppofitions:
1. It has been fuppoled to be a flame arifing
from a chymical eflervefcence of combuftible ex-
halations from the earth. 2, It haf been fup-
pofed to be inflammable air, fired by eleétricity.
3. It has been fuppofed ele&tric light itfelf.

The firft of thefe fuppofitions T pafs by, as
utterly inadequate to account for the phenomena.
The fecond is prefled with a great difficulty how
~ to account for the exiftence of frara 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 frata, it feems unneceffary to in-

Aaz troduce
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troduce them in the cafe, becaufe we know that
difcharges of the ele@ric 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, I confider it
almolt beyond doubt that the light of the aurora
borealis, as well as that of faliing ffars and the
larger metcors, 1s cleétric light folcly, and that
there is nothing of combuftion in any of thefe
phenomena.

Alr, and all elaftic fluids, are reckoned a-
mongft the non-condutors of elettricity. There
feems, however, a difference amongft them in
this refpet; dry air is known to condué& worfe
than moift air, or Aair faturated with vapour.
Thunder ufually takes place in fummer, and at
fuch times as the air is highly charged with va-
pour ;5 when it happens in winter, the barometer
is low, and conféquently, according to our the-
ory of the variation of the barometer, there is
then much vapoun?ed air: from all which it
feems probable, that air highly vapourized be-
comes an imperfe& conduftor, and, of courfe,
a dnfchmgc made along a fratum of it, will ex-
hibit light, which I fuppofe to be the gencral cafe
of thunder and lightning.

Now, from the conclufions in the preceding
feétions, we are under the neceflity of confidering
the beams of the aurcra 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 magnetic fleel, and that this fluid, doubt-
lefs from its magnetic property, aflumes 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 do
the other poles; and that the beams are ar-
ranged in equidiltant rows round the fame pole.
At firft view, indeed, it feems incompatible with-
the known laws of magnetifin, that a quantity of
magnctic matter fhould afflume the form of fuch
rings, by virtue of its magnetifn; 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 attraltion 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 carth’s magnetifm (I mean the
caufe that guides the needle, whether it is in the
carth or air I 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, a&ing upon cach other, ftill the effe&
will be the fame, and their mutual aétion upon
cach other not difturb their parallelifm, nor the

pofition
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. -pofition of the rings; becaufe, whether the poles
mutually attract or repel each other,. is of no
moment in this cale, and the attraltion of each
pole is alike upon the rings. '

Things being thus {tated, I moreover fuppofe,
that this elaftic fluid of magnetic matter is, like
vapourized air, an imperfect condutlor of eleéiri-
city; and that when the equilibrium of eledtricity
in the higher regions of the atmofphere is dif-
turbed, I conceive that it takes thefe beams and
rings as condutors, 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 eleftricity difperfes the beains in fome de-
gree, which collet again after the eleCric 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
fetions. In fadt, the relation above mentioned
is demonftrable without any reference to them ;
notwithftanding which, they not only corrobo-

rate
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rate the proof of it, but almoft eftablifh the truth
of the hypothefis we are here advancing.

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

1. When the aurora appears to rife only
about 5, 10, or 15° above the horizon, the
difturbance of the needle is very lxttlc, and
often infenfible.

2. When it rifes up to the zenith, and pafles
it, there never fails to be a confiderable difturb.
ance.

3. This difturbance confifts in an irregular
ofcillation of the horizontal needle, fometimes'
to the eaftward, and then to the weltward of the
mean daily pofition, in fuch fort that the greatelt
excurfions on each fide are nearly . equal, and
amount to about half a degree each, in this place,

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

Now, from thefe fafts alone, independent of
whit is contained in the preceding fedtions, I
think
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think we cannor avoid inferring, that there is
fomething magnetic confantly in the higher re-
gxons of the atmofphere, that has a fhare at leaft
in guiding the needle; and that the fluGtuations
of the needle during the aurora are occafioned
by fome mutations that then take place in this
magnetic matter in the incumbent atmofphere;
for, it is certainly improbable, if not abfurd, to
fuppofe that the aqursra produces this magnetic
matter, at its commencement, and deffroys it
at its termination. Morcover, abftralting from
a chymical folution of the metal, nothing is
known to affe&t the magnetifm of e/, but heat
and elefricity ; heat weakens, or deftroys it;
eletricity 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
dccounting for the mutatious above mentioned.
As for heat, we fhould find it difficult, 1 believe,
to affign a reafon for fuch fudden and irregular
produltions of it in the higher regions of the
atmofphere, without introducing eleétricity as an
agent in thofe produllions; but rather than
make fuch a fuppofition, it would be more phi-
lofophical to fuppofe elettricity to produce the
effe&t on the magnetic matter immediately. Hence
then were we obliged to form an Ayporhefig of
the aurora borealis, without any other faéts 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
eleétricity.:

- It appears then, that the difturbance of the
needle during an awrora equally countenances
the conclufions drawn in the laft fettion, 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, deftroyed,
or inverted, pro tempore, by the feveral elefric
fhocks they receive during an aqurora; or per-
haps the temporary difperfion and diffufion of
the magnetic matter thereby, may confiderably
alter its influence; when, therefore, the altera-
tions on each fide of the magnetic meridian do
not balance each other, the confequence will be
a difturbance of the needle*.

Bb In

* [ conceive that a beam may have its magnetifm in-
verted, and exift fo for a time, becaule the repulfion, aldug
longitudinally upon it, will enly impel it in that dirc&ion,
and not turn it round; juft as the north pole of a magnet
may be applied to the north pole of a magnetic necdle,
without turning it round, by keeping the magretiexallly
in the fame line with the ncedle, and thus making the needle
a& upon the centre. And I further conceive, that when
the beam is veflored to its natural pofition of the north pole
downward, it is effe®ed, not by inverting the beam, wholly
as a beam, (for this is never obferved in an, aurora) but by
inverting the conftituest particles, which iay eafily be ad-
mitted of a fluid.
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In fine, the conclufions in the laft fe®ion, and
the hypothefis in this, afford a very plaufible
reafon for the appearance of the aurora bemg 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 aurora muft move along with
them, and appear or difappear at places, accord-
ing as the magnetic poles approach or recede
from them ; 3 and hence it may be prefumed that
the carth’s magnetic pole in the northern hemif-
phere is nearer the welt of Eurspe in this century
than it was in the lat 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. Cavallo, was 71° 50" in 1576, and 72° 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 neceflary here, before the
fubjedt is difmiffed, to caution my readers not to
form an idea that the elafic fluid of magnetic
matter, which 1 have all along conceived to
exift in the higher regions of the atmofphere,
is the fame thing .as the magnetic fluid or ef-
Jfluvia of moft, writers on the fubjeét of mag-

netilm.
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netifm., This laft they confider as the efficient
caufe of all the magnetic phenomena; but it is

a mere hypothefis, and the exiftence of the

efluvia has never been proved My fuid of
magnetic ' matter is, like magnetic fteel, a fub-

ftance poflefled of the properties of magnetifm,

or, if thele writers pleafe, a fubftance capable of

being acted upon by the magnetic ¢ffuvia, and

not the magnetic ¢ffuvia themfelves.

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

SECTION TFIFTH.

An inveftigation of the fuppofed effec® of the Moon
in producing the Aurora Borealis*.

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

‘ ‘Bba2 any

* An effay on this fubjeét was firlt publithed by the au-
thor in the beginning of 1789, in Mr. Davifon’s Mathematical
and Philofophical Repafitory.
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any otlier time ;” this produced the fufpicion that

the wrial tides occafioned by the moon might

have fome 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 thall refume the.
fubje& afrefh, and examine what countenance

the obfervations give to the {uppofition.

In the lift of obfervations we have placed the
moon’s age, both with refpe&t 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 s

Days paft change , : '
and full, o 1 2 3 4 5 6 7

No. of obférvations. 14 25 21 20 19 20 1§ 2I
Days paft change
and full. 8 1o 11 12 13 14,
No.of obfgrvanona. 18 23 15 6 ko 13 9.
L 1)

.},,

As the lunar. revolutxon is completed in 294 days
nearly, one- alf of a lunation is 141 days; hence
the obfervations under 14 do not ftand the fame
chance as the. reft, there being only ¢ 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 @, in order
to make a fair divifion of the terms of the feries,
Now' the fpring tides will fall almoft wholly in
the firft half of this period, and the neap tides
in the laft; dividing the terms’ of the feries,
therefore, into two cqual portions, taking -half
of the odd intermediate one to each, the fums
of the portions are as under.

Spring tides.  Neap tides.
No. of aurore. 1443 1074
Ratio 4 : 3, nearly, which
is favourable to the fuppofition.

It may be objeéted, 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 aqurora, 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 objection, falls in the fame divifion;
and both the firft and third quarters, conftituting
the other divifion, are in part liable to the fame
objetion,

However, in ordér to determine whether this
objedtion 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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obfervations in the firft and laft quarters only.—
This being done, on the principle above ufed.
the numbers ftand,

Firlt quarter, or fpring tides.  Laft quarter, or neap tides.

934 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-
jetion, 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 fhonld 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 oblervations ‘upon the
phenomenon in this interval will gften 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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‘ S’pring. Neap.

40&0 24%-

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

Spring. Neap.

25%. 241

As the tides are higher in fpring and autumn
than in fummer 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 obfervations in the
different months ftand thus:

Jaﬁ. Feb. Mar. April May June July Aug. Sep. O&. Nov. Dec,
18 18 26 32 21 § a 2x 23 36 38 o

The {mall 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, I 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-
pefts in the lower regions, may have fome effeé.
upon the phenomenon in queftion ; and the fup-
pofition is evidently. countenanced by the feveral
fa&s ftated above.

SECTION
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SECTION SIXTH.

An inveftigation of the ¢ffelt of the Aurora Borealis
on the Weather fucceeding it.

VARIOUS have been the conjeétures on this
fubje&t offered to the confideration of the public:
fome affert that the aurora has no fenfible effe&
upon the weather; others that it is very fre.
quently followed by rain foon after. .

In the American Philofophical Tranfattions, -
we find it obferved that the barometer falls after
an aurora.

Having a large number 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 imperfeét ftate of meteorological
prognoftication.

~ Bince the fpring of 1784 there have been 224
aurore obferved at Kendal and Kefwick ; 88 of
the tiext fucceeding days weré wet, and 139 fairy
at Kendal; now, in the account of rain, the
mean yeatly nuthber of wet days there is ftated
at 217, dnd of coutfe the fair days are 148;
hence the chances of any one day, taken at ran.

dom,
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: ;k;m, bcing 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
inference thetefore is, that the appearance of the
aurora borealis is a prognoftication of fair.weather,

" 'The only obje&ion to this inference which oce
eurs to us as worth notice is, that the aurore
being from its nature only vifiblein a clear ate
molphere, this circumfiance ot itfelf is fufficient
to caft the feale in favour of the fucceedmg day
‘being fair, without confidering the aurora as
having any influence either diretly or indireétly,
—This obje&tion has undoubtedly fome weight §
“but upon examinining the obfervations, it appears
that the aurera not only favours the next day,
but indicates that a feries of days to the number
'of 10 of 12, are more likely to be all fair, than
ghcy would be without this circumftance.

Of 227 obfervations, 139 were followed by 1
or more fair days, 100 by 2 or more &c. as under.

¢ 2 3 4 8§ 6 9 8 9 100 n 13
339100 69 §2 38 30 21 16 10 6 3 I

According to the laws of chance, the proba-
‘blhty of any number of fucceflive fair days 'is
found by raifing 443 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 aue
Yora had no influence; it is as under.

1 2 3 4 5 6
92 38 15 6 2 1

From which it appears, there fhould not have
been more than 1 aurora out of 227 followed
by 6 fair days, and yet in fa& there .were 304
whence the mferencc above made is conﬁrmcd

As for the dlﬁ”ercnt feafons of the year, | ﬁn&
the aurera is more frequently followed by fair
weather in fummer than in winter; .but the dlfq
tm&lon is not very confiderable.

lt may be obferved that the largeft and moft
fglcndld appearances of the aurora, as they ufu’
ally happen in rainy and unfettled weather, they
dre 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.
ceeded by a wet one. |

.- Upon examiration of the effe@ of the aurons
upon the barometer, | find, that fince the -1gthe
of September, 1787, there have been 219 obfere
vations, dnd that in 120 of thefe inftances the
barometer was rifen next morning, and fallen in:
99. —This circumftance, therefore, corroboratés:
the inference before made, that the -gurora is a:
fign of fair. weather, .

Gemral
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General Rules and Obfervations for jud,gzng:
of the Weather.

OTWITHSTANDING we have departed

~ pretty much from our original defign of
expatiating on this fubje@, we think it may not
be amifs to colle@ fome of the falts and obferva.
tions that are diffufed through the work, which
telate more immediately to the fubjeét, and to
add ‘thereto a few more obfervations.

1. The barometer is higheflt of all during a
long froft, and generally rifes with a NE. wind;
it is lowelt of all during a thaw following a long
froft, and is often biought down by a SW. wind,
Sce page 112.

2. When the barometer is near the high ex-
treme for the feafon of the year, there is very
little probability of immediate rain. See page151.

3. When the barometer is low for the feafon,
there is feldom a great weight of rain, though a
fair day in fuch a cafe is rare. See page 150
The general tenor of the weather at fuch times
is, thort, 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 generally
falls gradually, and for one, two; or wore days,
before there is much appearance of rain. —If the

Ceca fall
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fall be. fudden and great for the feafon, it will
probably be followed by thunder.

5. When the appearances of the [ky are very
protifing for fair, and the barometer at the fame
time low, it may be depended upon the appears
ances will not continuc fo long. The face of the
iky changes very fuddenly on fuch occafions.

6. Very dark and denfe clouds pafs over w1th— |
out rain when the barometer is high; whcreas,
when the barometer is low, it fometimes raing
almolt without any appearance of clouds.

= 7. All appcarancee being the fame, the hlghcr
the barometer is, the greater the probability of
fair weather,

8. Thunder is almoft always prcccdcd by hot
weather, - and followed by cold and fhowery
weather.

9. A fudden and extreme change of temperas
ture of the atmofphere, either from heat to cold
-or cold to heat, is generally followed by raif
within 24 hours.

1o. In winter, during a froft, if it begin tg
fnow, the temperature of the air gencrally rifeg
to 32°, and continues there whilft the faow falls;

aftet which, if the weather clear up, expe@. fea
nere cold.

1. The aurora borealis is a progno&nc of fau
weather, Seé Lfay 8, Sedt. 6
Appending
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Appendix, containing additionhl Notes, tc. on
different parts of the Work.

race 8.
HE height of Kendal above the fea was fet
down 25 yards, by eflimation only; 1 have
fince found, by levelling. with the barometer,
that Stramongate bridge, at Kendal, is 46 yards
abeve Levens bridge, to which the tide flows;
though it feems the furvey for the intended canal
makes the height lefs: I am not aware of any
circumitance that could lead me into an error, .

“ M. Crofthwaite has lately determined, by le-
velling with a very good theodolite, that Bafen-
thwaite-lake is 70 yards above the level of the-
fea, abd 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 8x
yards above the level of the fea, from barome.
trical obfervanogs ; but if T have made an error
by defermining Kendal g yards too high, the req
fults of our oblervations will be reconciled®*.
Page
% The height of the following places above the level of
the ‘fea have been determined as under; the obfervations

with the barometer were made by mylelf, and thofe with
thc theodolite by Mz, Crgﬂbwam.

- From barom, b, From the theodolives
Windermere lake: « - - 26 yards, PR

Dunmail-raife,barrow of ftones
} 245 —=

¢ in the boundary of Cumber- 875,
land and Weflmorland
bes lahe o o o o a4 BYL ememem 182,

wf
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Page 29,-—»The greateft heat experienced for
the lalt 5 years, at Kendal, was on the 1t of Au:
guft 1792; but the heat of the prefent year, 1793,
exceeded ; the thermometer in the thade was 83°2
on the 11th, and 84& on the 15th of ]uly. \

© Page 39.~—There is a great difcordance in th‘¢
helght of Skiddaw, as determined by the obfer-
vations of different perfons; 1 have remarked
that Mr. Crefhwaite made it 1050 yards above
Derwent lake, 1 find fince that Mr. Donald made
# 1090 yards above the fea, and 9358 above
Baoffenthwaite lake. Mr.,Crofthwaire, by a later
admeafurement, determines its height 1000 yards
above Derwent lake.~On the 26th of Auguft,
1793 1 attempted its height by the barometer,
for which purpofe the following obferyations
were made.

At 3h gom P. M. the barometer upon the fummit
.. of Skiddaw, when the proper allowance for tha
sife of the mercury in the refervoir was made,
floodat - - » - = - - - % 2679mch:;.
M:. Lrgﬂbrwam s barometer at Kefwick, allowing
"for the-fmall difference of the barometers when
* together, at the fame time, ftood at - - 20.715~—.
A detached thermometer above was, in the thade, - 46°
& detached thermometer below was, in the fhade, - 6o%.
: ‘ Now,

My obfcrvmpna were taken both in going to and return-
$ng from Kefwick, and compared with nearly cotemporarg
obfervations at Kendal and Kcfawiek; st the former time the
air was dry, and at-the latter moilt: the elevations were
found fomething lefs by the later obfervations, but the dif,
fesgnce was only 3 yatdiin Leatbes lake and g in Duniiail-raife:
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Now, by applying the theorem at page 81, we
find the elevation of the upper barometer above the
lower 9453 yards; whence, adding 16} yards, we
get the height of Skiddaw above Deraent lake =2
956; yards, and its height above the fea comes
out 1037, yards.—It had been a good deal of
rain on the morning of that day, and the clouds
were jult broken off at the time of the obfervas
tions, ‘the air remaining fill very foft; from
Which circumf{tance 1 am inclined to thmk that
the height ‘above determined is ‘rather too httlc;
for | have found by repeated obfervations upon &
hill 310 yards high, that the heights are found lefs
by the theorem as the air is fofter, azteris paribusy
Lthink therefore we may conclude Skiddaw to be
nearly 1000 yards above Derwent lake, agrecable
to Mr. Croftbwaite’s laft meafurment, till its heighg
can be more exatly afcertained by a repetition of
obfervations *. ;
— AFTER

* Mr. Gmﬁbcuaifp makes the height of Laig, anothee
mountain in the ncxbhbourhood of Kefwick, to to be 319
yards above Deravent lake : by obfervations on the baromcter
fhe gbove medtioried day, ¥ found irs helght ‘312 yards,
which, forithe reafon affigned above, is'probably too little, '

. Helvellyn is a mountain clofe by the road leading from
Kendal 1o Kepowick, about 8 miles from the latter place; i
bas always,jultly beea confidered higher than Skiddow.  On
the 27th of Augull -I made the. follow"ng “obfervations - m
determine its height.
At ih jom P.-M. barometer:at'the fammit, orrefiéd/sedbiovs, W6 8y,
Barometer below, 10 yards above Leathes lakty, = o e o = 2gi3g)
A detached theymometer at the ammit Wit~ = « = = & 421
Admclwdmmmmhebwm I SR P T
‘ From
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- AFTER I had obferved the aqurora borealis to
to difturb the needle fo greatly; as is related in
the addenda to the obfervations on that head, I
gonjetured, a priori, that thunderdtorms would
do the fame; accordingly, | watched the necdle
for a confiderable time during the only thunder.
ftorm we had at Kendal in the fummer of 1793,
namely, on the evening of the 3d of Augufty
but, far from perceiving any unufual flutuation,
1 could not difcover the needle was perceptibly
diftarbed all the while, and it continued at the
fame ftation the next morning. '

On the flate of Vapour in the Atmofphere, €'come
-See page 134, and following.

AFTER making fome experiments upon the
effeéts of the condenfation of atmofpheric air, in
a glafs veffel, by means of a {yringe, from which
I find that repeated condenfation produces a des
pofition of water upon the infide of the glafs,
and repeated rarefaltion removes the fame ; alfo,

having
From which the clevation of the upper barometer above the
Jower comes out 8691 yards; to which adding 171 and 10y
we get the height of Helvellyn above the fea = 1050y yards,
But it fhould be obferved the Rate of the air was fill more
moilt than when I was upon Skididaes, and the obfervation at
top was taken during a fhower ; from which it is probable
the height of Helvellys above the fea is nearly 1100 yardss
Mr. Donald makes it 1108 above the fea.—~—Abbut 200 yarde
below the {fummit there is a very fine .fpring, from which.a
Jarge fiream of water defcends all the year round, with little
wariation in quantity at the different feafous, as my Kg?@? iyn-;
formed me'; its temperature § found'to begg®. ' T T
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having made fome experiments upon the effedt
of heat on water thrown into the vacuum of a
common barometer, which tend to confirm thofe
tlic refult.of which is given at page 134y,—1 am
confirmed in the opinion, that the vapour 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 fo exifting is one and the
Jame 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 errones
ous ; it has taken its rife from a fuppofition that
air prefling upon wapour condenfes the vapour
equally with vapour prefling upon vapour, a fup-
pofition we have no right to aflume, and which
I apprehend will plainly appear to be contradic.
tory to reafon, and unwarranted by falts; for,
when a particle of vapour exifts between two
particles of air, let their equal and oppofite prefs
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 exhaufted is pre-
cipitated upon the admiffion of perfedly dry air.
Hence, then, we ought to conclude, till the con-
Dd trary

"* Dr. Prieflley obferves in the fifth volume of his Experie

ments, page 225, that quickfilver evaporates not only in vacuo
but when expofed to the atmofphere.
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trary can be proved, that the condenfation of va.
pour expofed o the common air, does not in any
manner depend upon the preffure of the air.

All the faéls, however, 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, aéting upon vapour alone
of that temperature, will condenfe the whole into
water ; and, if the temperature be lefs, then the
utmolt 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-
ture; in fuch 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 mcrcafcd as has been already oblerved.

"Though the preflure of the air does not pro-
mote the condenfation of vapour, yet: when the
preflurc is removed, evaporation is promoted ;

“or under 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 pumped our, when the rarcfaction
has proceeded to a certain degree.

In order the more to illultrate and confirm
the notion of vapour here laid down, we {hall
now attempt to explain feveral fats, which have
been confidered as involving difliculties, and we
believe fome of them have never been accounted
for by others.

Dr. Alexander, in his Experimental E/[fuys,
page 1oz, informs us, that from 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 juft
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 deprees.  ‘Thefe
two falts 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 againit the bulb of
a thermometer, cooled it feveral degrees, and a
dew was depofited upon the bulb.

The reafon of thefe apparently difcordant falts
may be explained thus: the condenfation of va-
pour in a pair of hand-bellows will precipitate a
portion of the infufed vapour, which gives off its
heat to the air; and thus the temperatuce of the

Dda Coair
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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 abforbs the neceflary
heat from the guickfilver. But in the third in-
ftance the heat confequent to the condenfation
was f{uffered to elcapc, whilft the condenfed va-.
pour or water remained in the air-gun; the air
ruthing 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 into
vapour by its expofition, reduced the temperature
of the thermometer. '

In the Philofophical Tranfadions for 1777,
there is a very interefting feries of experiments
fhewing the effefts of vapour in the receiver of.
an air-pump, when the air is exhaufted; the
experiments were made by Edward Nairne,
‘F.R.S. upon a pump on Mr. Smeaton’s con-
firuétion. He ufed two gages; one of which
was the common barometer gage, which was of
courfe an accurate mealure of the force or ela-
‘fticity of the medium of air or vapour within the
receiver; the other, called the pear gage; from
its fhape, confifted of a glafs tube, capacious in
the middle, and ending in a natrow ncck, which’

was
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was clofe; the other, or open end, was, by a
contrivance for the purpofe; let into a bafon of
mercury before the air from without was fuffered
to enter, and upon its admiffion 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 rarefaltion of the
permanent elaltic fluid or air.—The chief facts
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 minutes, 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 ,4zth part as great as the other; alfo, it was
obferved that the rarefaftion by the pear gage
was Jgf¢ every time the experiment was repeated,
but that of the barometer gage was always the
Jame at the fame time,

2. When the pump-plate leather was foaked -
in water mixed with {pirit 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 effeéts of different temperatures of the
air upon the rarefattion were as follow :

Pump plate leather being Joaked in water.
Air in the room 46°—barometer gage 84.-—pear gage 20000,
57 ——50 16000,
Pump-plate
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Pump-plate leather being foaked in water mixed with fpirit of wine.
Air in the room 46°~barometer gage 76-—pear gage 8000,
: 57 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 inftance, -

In one pump — barometer gage 37-——pear gage 38.

1o another pump 34  ————

5. When the pump, &c. were dry, the baro.
meter gage was fometimes lower after working
the pump 5 minutes, than after the operation
was continued § 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 rarefa&tion by
both being about 600, 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
greater rarefallion than the pear gage.

Thefe fadls, fome of which the ingenious artift
who made the experiments accounted for, feem
moft or all of them capable of a fatisfattory ex.
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
diminifhed that the liquid boils, or turns into
vapour, it is plain the preflurc can be no further

- diminithed ;
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diminithed ; and in fuch cafe, when the pump is
wrought, it muft draw each time a portion of

the remaining air along with the vapour, and
thus the air in the receiver admits of a diminu-

tion almoft ad infinitum, and vapour generated
inftantaneoufly fupplies the place of the air with-
drawn ; when air is let in, the vapour in the pear
gage is condenfed, and thcrc remains nothing but
the fnall 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 ze plus wltra; for, when the vacuum
of the barrel is not perfc& the quantity drawn
from the receiver in a given time muft be lefs
than otherwife. 1 have no doubt if the experi-
ments had been repeated often enough, the lea-
ther of the pilton and the valves would have been
in effe@t foaked with water, and the refult as
i’tatcd in the 4th faf: in this cafe, as {oon as the
.fprmg 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 refiftance of the valves, is jult fufficient to
countera® the fpring of the air within; hence
the rarefalion by the pear gage is then fcarcely
greater than by the barometer gage.

Experience proves that fpirit of wine rifes
feoner. inte vapour than water ; confequently the
rarefaction
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rarefaltion by the pear gage, when the pump is
‘wrouglit a given fime, muft be lefs than when
water is ufed. Alfo, it follows a priori, that the
cooler the circumambient air, other circum-
ftances being the fame, the greater muft the
;rarefaé‘tlon be by both gagcs.

When by long pumpmg a quantlty of vapour
is colleted in the barrel of the pump, I con-
ceive a portlon of it may, durmg 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 e]a{hcxty of dry air,
when greatly cxpanded decrcafes in a greater
proportion than its denﬁty, it is true that the
increafe of cold in the recéiver, 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 rarefaction’is
at its utmoft degree, the proportion of vapour to
air in the receiver is no greater than at firft; 1
conccwe, thcrefore, 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.



