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HEN I f i r l l  'adopted the refohtion te W c offrr the public, in t h i s  manlier, the 
refult of m y  iiir tcoroi&ical obfervations, which 
was abnut twelve inoirths ago, m y  principal de- 
fign was, to explain the nature of the diEcrent 
inltrurnents uJ'ed in riieteorology, partic*ularly the 
barometpr and tlieriiioiiit trr. As  the nuinber 
of thefe is increaGqg daily, many of them tiluit 

fall into hands that arc much unacquainted with 
their principles, and tnay thereforc not profit by 
them in Ib great a Jrgrce as otherwife; for 
which reafon, a fliort and clear explanation, with 
a feries of obfervations ferving further to illu- 
firare and exeunplify the principlqs, and ' a  few 
PraCtical rules for judging ot the wcather, de- 
d u h d  from cxperictice, fcetned to tile to proinife 
utility ; whilfi the olkrvarions tliemrclvefi would 
be an addition to the Itock already bcl'orc the 
puhlic, and liiight perhaps be found i'ubfervient 
to the iniprovemerit of the fcirnce, 

Soon after tliis, having difcovered the relation 
of the aurora barcdis to tiiagnetil'in, in the i w n -  

ner dcfcribed in tlic introducttion to that t:Eay, 
a 2  I found, 
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I foirnd, that in order to cflablifi the difcoverp, 
a pretty large diifertation wnuict be required, 
which mu& of courfe, be addreffed inure pecu- 
Early to philofophcrs ; this neicegariiy enlarged 
the work, and became a primary confideration, 
though the original dcfign was ff i l l  kept in view; 
I concluded afterwards, that the work fhould 
confiit: of two parts, the firlt of which waj ta 
contain the fubltance of the original dcfign, 
namely, a brief explanation of the nature of the 
infiruments, and a digelt of all the obfervationr 
I had made, as martcis of fa&; the fecond was 
to contain the eE~y or.diRertation on the ailroru 
borealis, together with mort theoretic remarks 
on the different phenomena of meteorology,, 
which I intended to felcQ chiefly from the be@ 
apcounas I could procure ; however, not having 
by me all the books I couId have defired, 1 was 
neceffarily, and perhaps luckily, forced to con- 
template a good deal on the different fubjeas, 
and tb try fuch experiments ag were within tnj 
reach, I The refulr was, that kveral things oc- 
curred to me which were new, at lea0 to myfdF, 
and which throw light on the different branchm, 
of natural philafophy, and of meteorology in 
particular. There I have thrown into the form 
of Egays, in which are alfo given, fuch ufeful 
difcoverks and obfervations of others as feemed 
neceffary to b,c: known, in  order to 'form a proper 
jdea'of the prefentc Itate of the fcience, and of, tha 
ipprovemelits that are yet to be made init. 

In 
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In the firft part 1 have given not only the' 
&ferVdOnS made at Kendal by myfelf, but a b ,  
with his leave, thofe made at Kgwick by Mr. 
(h / thwai te ,  keeper of the mufcum at that place, 
together with obfcrvations on thc barometer and 
rain, ma& at London, for three years, taken 
from the Philolophical TranfatXons. 'l'he reCultrr 
of the ftveral obfcrvations I have arranged and 
digefted to the belt of my judgment. The ob- 
fcrvations on the height of the clo.uds, and on 
'the aurora bwenlis, particulai ly the fuppkmentat 
ones, are new, and, I fuppok, in loine.refpe&ts, 
briginat, having nevcr k e n  any other d a f i r n k  
hature publihed. 

In the fecond part, the firlt es~y ,  thowgh ig 
aontains little or nothing new, will be bund t 
ptoper introdutlion to rhe h b k q u c n t  ones. 

The fecond eifay, containing the theory of rho 
trade-winds, was, as I coticeived when it waq 
printed off, original ; but 1 find fince, that they 
itre explained on the very fame principleti, and 
in the fdme Inanner, in the Philofophical 'i'ran* 
for 1735, by G e o q e  Nadley, EJq. F. R, S,-seea: 
Martyn's Abridgment, vel, 8, part 2, page goo. 

The third effay, on the variation of the ba 
rometer, I ihould fuppofe will be confidered ao 
having fome merit ; it is new to myfelf, but as I 
am not well rcad ita the modern pr~du&ioae,an~ 

the 
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the atrnofpherc, I cannot fay it will bt; found enr 
tircly Fo to others. It may, be proper io obl'rrvo, 
that E h'ad not adopted the theory ol' vapmr 
which is maintained in the fixth eil'ay, when the 
third was printed; bur I. know of no material 
alteration I wauld have made in this e&y, had 
it been otherde. 

The fourth and fifth eQs' are cliirfly feleAed 
from the publicatioiis of others, except *: .in 
the latter I have offered fome new thouc , .,,!? 

the effea of the fituation of countries u p w  irieir 
tab perature. 

In the fixth d a y ,  amongfi other things I have 
advanced a theory of the Iiatc of vapour in the 
atrnofphere, which, as far as 1 can difcover, ia 
entirely new, and will be found, 1 believe, ta 
folve all the phenomena of vapour we are ac- 
quainted with ; 1 have attempted to folve fevtral, 
particularly in the appendix. 

In the fevcnth effay the relation betwixt the 
barometer and rain is inveltigated, from the ob- 
dcrvations in the firl t  part '; 'fome coticlufions ?re 
thence obtained in fupport of t h p r y ,  and from 
which Feveral ufeful and ptaiftical obfervations 
may be deduced. 
* ,  

The eighth e&y is thc large one on the 
mwma borpalir, which I have divided into fix 

fkRions ; 



PREFACE:  vit 

ji&ons ; this will no doubt attraCf the attention 
of philofophers. The reader will perceive ail 
a h g ,  that 1 have'fpolten of the difcovery therein 
contained as an original one ; when I wrote: the 
note at page 158, I had not ken  the Abridgment 
of the Phildophical 'l'ranl'a&ions of the Royal 
Society ; but 1 find from it that the learned and 
ingenious Ilr. HJIley formed an hypothefis to 

t for the awora ijorealu by magnetifin ; 
Abridgment by Jones, Vol. 4, part 2, we 
at: the l)oAor, after enumerating parti- 

cularR of  fevcral appearances, conjeklurcs that 
thev are  occafioned by the ea1 th's inagneiifin ; 
and he endtavours to illullrate the hypothefir 
by pldcing a tcrelk, or fphcrical magnet, with 
6nt of i t s  poles upon an horizontal plane Itrewed 
with fieel filings, 'which, bring dotie, the filings 
form various ftraight lined and curvilinear figures, 
according as they are fituate near to or dinant 
froin the magnetic pole ; thefe he thinks arc 

beam of the aurora Icreoiis, 
~ U P ~ Q  he is pretty mucIi at a 
r, a s '  eleQricity was then but 

hiperfeatly known.-If there hints of his had 
been purfued by others, the fa& would undoubt- 
edly before thi3 have been eIlablifhed, that the 
beumr of the aurora borealis are gowrned by the 
rwth'r m a p t f l / j ;  but initead of this, philo. 
fophe'rs have amufed thenifelves and others 
with forniing various other theories to account 
fox the phenomneua, moft of which are extrava- 

gant, 

'I- trp 
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gant, not to lay ridiculous, M. Mairan's zadiacd 
$ghf not excepted. Notwithilanding what the 
learned DnQor ha$ fuuggetted, 1 prefume it will 
be allowed, that the above mentioned fa& has 
aot hitherto been afcertained, unlefg i t  bc done 
in the foliowing work, 

Whillt I am blaming others for framing fan- 
ciful theories, perhaps the ctnfure may be re- 
torted upon inyfrlf.-'The fourth Feoion of the 
ecay in qucition, entitled the 'theory of the 
uuroru boreah,' will perhaps be regarded by 
many as wild and chimerical; but the fo&c 
which I have endeavoured to afcertain, refpcft- 
ing-the aurora, will excuk me for a momentary 
indulgence of the ideas of a viiionary theorilt, if 
they be confidered as fuch. 

The appendix contains the refult of barom& 
trical and other obfervations to determine the 
fieight of Kendal and KeJivick above the tea, 
more exaaly than is ffated in tHe prcfiminarf 
remarks to the obfervations on the barometer ; 
dfo, an accounr of the heights of fome mom- 
t!ains in the ntighbourhood of Kefwick ; it cork* 
eludes with a further iliuit'ratioti of the doarind 
df vapaur, and an explanation Of fome faas  re. 
laring' rherero, particularly thofe dbfefved iri' 
mrking the air-pump. 

It will be fudcicnrly evident thdt I h'ave rid? 
€upwallurod~nr a&Renc& fram b o o b  .ia' 

providing 
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providing-and digeaing the matter contained -in 
the following pages ; by an attentive confidera- 
tion of fa& 1 have drawn conclufions in foine 
inltances which had formerly been done, though 
unknown to m e  at the t h e ;  there, however, 
are fuch as would have been ixiferted had it 
been othrtwife; and therefore the detign ol' the 
work Js not in any manner frultrated by the 
circuinllance'. At the fame time I aclinowlec!ge, 
with particular fatisfafition, the triendly aid aud 
aflilltance of one or two individuals, in tlic article 
of books ; to one perfon more particulayly 1 a m  
peculiarly indebted, not only in this refpett, 1;Ut 

in many others; indeed, if t l~ere be any thing 
new, and of importance to Ccience, contaitlcd in 
this work, it is owing, in great part, to i l ly  h a i r -  
ing had the advnnrage,of hi; in f i ru~~t ion  atid 
example in philofopliical inveftigation. 

I CANNOT help obferving h e r d  that the (01- 
lowing fa& appears to be one of t\x' ti1011 reinark- 

b able 
* Since wr i t inE  the ahovc, I have met with an accollllt of 

Mr. Dr LUC'G daborate work on the mwlit icatit>~~s of tlte at- 

rnofpherr, (vitl. the Apptndixrs to t h e  49th and Sctlr volp. 
of the Monthly Revirw) frorn which it s p p ~ . ~ r s  I IC  I l ln i i r ta ine  

nearly thc  fame principles in explaioing the variatiotts of  the 
barometer as 1 have don@; h i s  idea of WZPOUP too reclllfi [lot 
uiilike mine.-'It is a fmwablc  C ~ ~ C I I I I ~ ~ I I ~ C ~  to arry theory, 
when it is dcdiiced from a contidelatioil of fa& by two 
perfone independently of each other. 
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hitlory of tha prs 
Id t'urnilh.-Ih, 

in the Ptiilofophicnl 'I'ranfaEIions, a theory of 
the *trade-winds, which was quite inadequate., 
and imincchanical, as will, be hewn, and -yet 
thr fame has becn alninlt univerfa1)y adopted'; 

levera1 modern produQions 
ich it i s  found, and do not 

know of  one that contains any other. The 
Pane gentleman , publilhed, through the. fame 
channel, his thoughts on the caufe of the aurora 
!oreah& above, which mult then 
have ap ok rational of any that 
could be fuggefied, and yet Z do not find that 
any body has afterwards noticed i t+ except Ama- 
nuenJs (fee page, 159). On the other hand, 
G. Hadley, EI'q. publiihed in a fubkqueor volumc 
0% ' t he 'k id  'I'ranijRioria, i\ rational and fatisface 
tory explatration of the riade-lvinds ; but whera 
elk ffiall WG find it? 
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ME TE'OR o L o G I C A  L 

.QBSERVAI:IONS AND ESSAYS. 

PART FI R ST, 

S E C T I O N  F I R S T ,  

H E  barotneter, or common wqatlier-glafi, T canfiks of a kraight glafs tube, above 3s  
inches long, and open at one end, that has been 
filled with quickfilver, anti 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 ereaed, the 
quickfilvcr leaves the top of it, and finks fo as 
to Rand at the height of about ag or 30 inchco 

B abwc 



2 Of the Barometer. 
above the furface of that in the bafm ; i t  is then 
applied to a frame, with a fcale graduated fo as 
to mark at all times thC height of the column, 
in inches and tenths, &c. The infirument thus. 
completed is called ’ a barometer.-It is ufual 
now to blow a pretty capacious bulb at the open 
end of the tube, and then bend the tube a little 
above the bulb, fo that the bulb may itand up- 
right, leaving a little orifice in it to admit the 
quickfilver ; rhen the tube being filled as before, 
upon being inverted, the column of quickfilv8r 
In the tube fiands at the height of zg or  30 
inches above$ the furface of t lqt  in the bulb, a4 
in the foriner cafe. 

The  reafon of the fa& may’ be explained thus : 
every body that flipports another, bears all its 
weight; therefore when the’ furface oi‘ any non- 
elaflic fluid is ,expofed to the air, i t  bears the 
weight of a colunin of air whofe bare is equd (0 
the raid Eurface, and its height that of the at- 
mofphere, fuppol’ed to be 40 or 50 miles; now 
though air be a very light fubhnce,  being in its 
uhal  ftate, at the earth’s furface, about &th 
part of the weight of a0 equal quantity of water, 
yet fo prodigioue a colunin of it as that above 
mentioned; has a very confiderable weight ; 
moreover, it is a fundamental principle in hy. 
droltatics, that the prefl-ure upon the furface of 
a fluid mufi tie the fame on each part, or the 
Wuid will not reit till that is the cafe; if, therea 

fore, 
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fore, tlie preffure be removed from any place of 
the furface, either wholly or in part, the fluid 
will yield in that place, and afcend t i l l  the weight 
of the colunin of fluid above the furface, toge- 
ther with the preirure upon the column, if any, 
are equal to the general prefl'ure upon the fluid 
in every other part.-In the cafe of the barorno. 
ter, there is a wutu tm at the top of the column, 
snd confcqucntly no prcffurc upon its furface, fo 
that the weight of the column hlone balances the 
pregiire of the atmofphere without5 upon the 
furface of the fluid in the balbn. This q u i l i -  
lrium, between the mercurial, column and co- 
lumn of air; is very clearly illuitrated and con. 
firmed by meatis of the air-puiiip ; for, when a 
barometer 'is inclofed in a receiver, as the air io  
exhaufred, and its preffure of confcquence de- 
creafed, the mercurial column defcends propor. 
;ionally. I t  aplmrs then, that the weight of thG 
air fupports the mercury in the barometer, and 
tha; the weight of the mercurial column is equal 
to the weight of a like colutnn of air extending 
to the top of the atmofphere.-When the 
tube is bent at the bottom, and turned up, the 
fame reafoning, joined to the principle that fluidr 
in bent tubes always rife to the fame height in 
each leg, when they are both open to the atmof- 
pliere, will explain the fa& in this cafe. 

Froin thcfn confiderations, the weight of the 
.whale atniolphere may be readily found ; for, i.t 

B 2  i4 
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is equal to the weight of a quantity of quick. 
filver fufficient to cover-the whole furface of the 
globe to the height of 30 inches nearly. 

"he great weight and preflure above afcribed 
to,the sttnofphere, and their eR'eCts, are d e n t e d  
to by philofophers of the prefent age, without 
fcruple ; but people not much verrant in philo- 
fophical enquiries admit them with rcluBance ; 
rhey apprehend, that if bodies were preffed wirh 
the fovce above mentioned, which amounts to 
about I $bs. avoirdupoife upon each fqiiare inch 
of furface, the effe& fhould be obvious ; where& 
it is found that bodies of the flightelt texture 
are unhurt by the attnafphere,-and the great 
facility with which bodies are moved in the at- 
mofphere, they conceive as anotber obje&icn.- 
Perhaps it may be fome help to thde to obferve, 
that the. atmofphere prefies equally upon bodies e 

i n  every direaion, and has therefore no tendency 
to feparate their parts ; and, as for the refiflance 
which bodies meet with in moving through the 
atmo€phere, it is not proportionate to the prffure 
of the atmofphere, but to its denJity, which 
being very *little, as thas been obferved above, 
the refitkance is $mall. 

The barometer was invented in 164.3, by 
Torricelli, at Florence, in Italy.-The pheno- 
menon foon attraQed the, notice of philofophers 
of that age, and the more Eo, as is feeemed to 

prove 
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prove the exiitence of a vacuum, when the opir 
riion of its nondexiltencc was general, and $ h i !  
maxim that nature albor~ a wacuum, was &nois 
unqueitioned. Had the quickfilvtr (till conti+ 
nued to fill the tube when eretted, the f a  
would have been accounted for on this iimgi. 
nary principle, and have paged without further 
notice. As it was, however, thofe who Ail1 ad+ 
liened to the maxim were reduced tp grgpt dif. 
ficulties, and forced to have recourfe Eo v&rj,ous 
untneaning fubtilties, to get rid of the wacurrni; 
whillt many began to quefiion the truth ,of the, 
maxim itfelf. At iength it was dearly ,proved, 
from the infiance in queltion, and from other 
phenomena, that the maxim was contradiaory 
to the laws of nature ; the Cufpenfion of the mer.- 
cury in the barometer was attribu'ted to its true 
caufe, the weight of the air; ,and the fpace at 
the top of the tube was afcertained to be nearly 
a per,fe& wacuuni, or fpace void of matter. ?'his 
difcovery, as it led to that of the air.guwp, and 
other important ones, is jufily r<egw,dcd 3s one 
of the great& in the lafk century. 

Torricelli, the  inventer of the barometer, ob- 
ferved, that if it was fuffcred to itand for a length 
of time, the height of the mercury in the tube 
was pcrpetually varying, thsugh its ~ ~ b o i e  rwg,~ 
did not exceed 2 inqhes at that placei.+jf yvqs 
furbher notiaed, &at this vaciqtition SccqcS t~ 
have fome affinity to the wqathej, fie q$&(dver 

being 
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being gknerally low in windy and rainy weatthei, 
and high ,h f'rene and fettled ,weather, which 
circumfiance procured the inftrument the namc 
of weather-gfaj. This difcovery pi-omifed to 
be of the utmoft.importaiice to mankind, by 
enabling them to forefee thofe changes in. the 
atmofphere, the knowledgei of which was ibo 

,interefting to them, and the mail hnguine ex4 
pettations were entertained on the [ubjeA. The 
experience of a century and a half has now been 
obtained, from which the barometer does not 
feem to be that infidllibk guide that it was Once 
expeRed to be, though it is ccrtainly a vkry 
ufeful infiruinent i n  this refpeQ, i t 1  the Iinnt!s of 
a judicious and f ldfu l  &Cervix,--But of this 
more hereafter. 

SEVERAL ingenious contrivances have bectil 
ufed, by different perfons, to make barometers 
of a more ample range, in order to obferve mi- 
nute alterations af weight in the atmofphere ; 
but all thefe are liable to h c h  objeQions as rend. 
der the common upright one preferable, 

Thofe who, wifh to make barometrical obferd 
vations, in order to compare them with others, 
&odd be well aff'ured of the accuracy of their 
initruments ;-fuch as incline to make their in- 
ftruments themfelves would do well to attend to 
h e  following particulars, 

That 
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That the tube be not Ids than one-eighth of 

gn inch diameter within. 

That the quickMver be itrained through a 
doth, or rather through leather. 

That the intide of the tube be perfealy dry, 
and the quickfilver dry when put into it. 

If there be any moifiure in the tube or quick. 
filver, it cxpands into an elaitic vapour when the 
precurc of the air is retuoved, and, afcending 
into the vacwni, depreffes the incycvrial colpmn 
fometimes to the m o u n t  of one-quarter of a4 
irich, or niore, below its proper Ration. The  
criterion to difcover moiiture is to apply the 
warm hand to the vncu~ln), and the mercury will 
fink confiderably; but it will not be affeeed if' 
clear of moifiUre.-Alfo, if upon a Kentle agio 
tation of the barometer in the dark, there appear 
a. light in the vacuum, it is a fign there is little 
or no moilture, 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 kale in ftrianefs ought not to be full 
inches, but fomething lefs, owing to the rifisg 
ond falling of the Iuurface of the refervoir. ~ If tho 
tube have a bulb, then the area of the furface at 
!be top of the column, divided by the fum of the 

areas 
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ilreti8 of the top and refervoir, will give the part. 
to be deduEted ; but if ,the tube be itraigh6 
then the whole area of the refervoir, leffened by 
the aTea of the glafs annulus, made by a hori- 
eontal feltion of th i  ereEted tube, mult. be ufed. 
as the denominator of the fra&ion; hence, if 
the fi%i!tion be &, then the kale of 3 inch@ 
nufi be diminifhcd by half a tenth. 

$ # k V I O U 6  to the detail of obfervations, it will be 
@roper to defcribc the fituation of the pluces of obfervation. 
--The latitude of London is 51' 3 ~ '  N.--Kendal is f i =  
h a t e  iii lat. 54" 17' N. long. 2" 4.6: W. There lies an 
&tenfive range of mountains from it in every direaion, ex- 
cept to the fouth. Their height may be from I t o  6 or 7' 
hundred yards" ; fome are near, but from the north to the 
eaff their diRance is 3, 4* or '5 miles. SI. Gcorge'r Cbannd 
bear6 SW. ahd the high water at fpring comes up the river 
to withifi 6 miles of the town, but low water i n  at a grcnt 
diitance. T h e  town may be 2 5  yards above the level OB 
the fea.-K&hb is fituate in lat. 5 4 O  33' N. long. 3 0  3- 
W. ; it ie well known to be in the centre of a mountainoua 
country, and fome of the higtieR mountains in the Iio'rth of 
England are in i ta  neightourhood. It i s  16 miles fram tho 
Obannel, and perhaps about 45 yarde above ita level t. 

T h e  

@ ZhJon-knot i s  310 yards abwe the level of the rivet; WbhjVbrocon 
it 5ab yards ab&e the Gme 3 m d  Kendal-fjN froin t to b htlhdtcd yarUt+, 

-f It map not be amif4 to remind the young Tyro here, that the );igher 
my plate ir a b v e  the lnel of the rea, the lower Will thc fie&% ft*O Of He, 
WlrOmCar be at that pIaw 
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* T h e  obfepations at  Kendd were made by the author, 

three times each day, iianicly, betwixt G a i d  8 o'clock in  
%e morning, at noon, atid a t . 8  or 10 in the cvcning.- 
Tiiok at Kflwick werc likewile made ttirce timcs each dily, 

e morning and moon obfcrvations about the fame rime ab 
at Kcndal, but the eveniiig obfervutione were made at  4 or fi 
in the winter, and 6 in tfic furnmci  ; tlic obfrivcr was MI.. 
CroJlhwai/e, q gcntlemnn, who, befdes hie attention to  mete- 
orology, has been for fevcral' years paR afiduoufly furnifliing 
a rnujutn, for tht-'ent&t.ihment of the touiitls, at prrfmt 
aonGRing OF a great variety of natura1 nod artificial produc- 
tione from every quarter of the glolic, fofila, plants, &c. arid 
he has alfo made accurnte furveye of the 1dke8. 

- 

The abfwvations at London arc taken from the Philolo- 
phical Tranfafiions of the Royal Society, being thole mi\de 
there by order of the prelidcnt nnd council ; they arc' made 
twice a day, namrly at 7 A. M. ( i n  December, Jiiiuary, 
and February at 8 A. Ma) and at t P. M. 

With refpet9 to the barometk  at Krttda? nnd Kr/vifi ,  
they were both clear of air and moiRurc, and cxliibiled the 
elcLiric light in the dai k. The fcales were both jd inclies, 
and therefore tlie vnriationo were Corncichat grenter t h a n  the 
obfervatione denote thcrn.-About -& Ihould liavc beeti al- 
lowed upon them. 

In thc following account we hove givcn the mea; if ate of 
the baromctrra, at the relpektive places, for ench mcinth of 
the year, and likewife for the whole year, rogetlier with the 
higheit and lowcf obfervatioris each month, and tlie time 
they took place; as alfo the direRion of the wind, and itc 
ftrcngth, at the time: the direktion we have ufiially re- 
ferred to fomc one of 8 equidiftant points of tbc colnpafs, 
and thc Rrength in  denoted by the figures 0, r ,  z, 3, and 
+ refpe&ively, the firR marking 0 edm, or very gcnrh 
breeze, and the lait a burricane. 

C 3 ' lJC  
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"S'he obfervaiions at London are only for 3 year$, becauft 

the later ones could iiuc be procured ; t l d e  a t  KendaI and 
&$wick for 5 years, from 1788 to 1792, inclufiye, T o  thg 
end of thefe is added the mean monthly fiitte of the taro: 
meter, found from the meane of the 5 years, as alfo the mea? 
upon the extrernee, the former of which is corretked, on ac- 
count of the variations of heat in the different months, by 
which the *quickfiIver in the barometer ie contrdted or di: 
lated, though retaining the fame weight.-We have alfa 
Ltnmed up the fpaces defcribed by the quickfilver each 
month, noted the number of changes from afcent t o  defcent, 
and the contrary, and found their amount for the year. 

B y  the meunJfnte, applied to ohfeirvations, is to be tinder- 
fiood the turn of all the particular obfervations divided by 
their number. 

T h e  upper part of the following tables, having no abbre- 
viations, is fufficiently explicit; and in the under part, 
which contains the day6 in the feveral months on which the 
highefi and IoweR obfervations were taken, and the wiiids a t  
thofe tinies, we have uled H, for higliefi, L, for low&, 
m, for morning, n, for noon, and nt, fur night. 

N. B. KenJal bears N. 30" W. from London, diltant 
acarlg 226 Englilh miles, meaftired on a great circle of the 
earth; Kgwick bears N. 35OW. from Kencfal, diflant 22 

Engl ik  miles, ineafured 011 a great4rcIe. 



Q~eruat ions  on $be Barometer, I f  

1788. 

And xo m. SW I. 

) And 16m. NE 0. 

6) And z z  m, NE o, ( r )  And I I ti. ENE I .  
d ) M d 3 t m ,  SWx. t r ) ~ i d a n . S B . ~ .  V ) A n d S n  NE& 



( R )  And 27 m. SE I. ( b )  And ;7 m. SE 0. ( e )  And 4 11. alfo as n. Sa. 
(d And 4 mn: 11. W I. ( I )  And zs m. W I .  all0 31 m &rid SSE 1. 

Atld a 8  nl. N W  0. 
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KEMDAL. -- 
Mean highcfl lowefl 
II - __I 

Jan. 29.33 30.22 a8.40 
Feb. . 2 9 . 8 3  '30.47 29.00 
March 30.06 30.59 28.88 
April 29.72 30.12 ,28 .97  

I -  .---- - . 
W z 24 m a i d  11 WSW 3tk4 
E I 20m E 3 

c i i  i ir 
W 1  

calm 4 nt 
i 

N W 1 1 8 r n  I 

K E S W I C K .  

29.23 30.17 28.31 
29.77 30.42 28.85 
30.or 30.51 28.82 
29.66 30.11 28.91 

Mean higliefl loweit 
L_ -̂ c_- 

z p n t , 3 0 m  NE I 
2 2  m and n swr 

sw I 
NE 2 NE t 29 m and n 

S W r z r m  ,SE 1 

8ep* 4 m  SW o 4 ni 

PA* m 
T -- I H 29 all day 

e 

28 nt NE C 

7 m  NE c 

IF  m and n NE c 

19 'VET3 

3 0  all day sur 1 

S o 
S W  I 

128 m W 1  

26 tit 
16m sw 1 

2 9  nt, 30 r~ W ~ N E  i 
23 mand n NWtk'N I 

28 n E l  
'9 m wsw 4 
7 m  W r  

qonandnt SE r ,SWc 
13 ne .calm 
4 m a n d n  WSW3 

19 nt, 20 m caln 
28 m WC 
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- ' 7 92. 
KENDAI.. 11 ICESWIC ,. 1 '  

_c_ 

M ~ i i  

29.60 
29-87 
29.60 
29.80 
29.88 
23.86 
29.80 
29.86 
2 9 6  
29-73 
29.90 
%%7L 

- 
_I_ 

higheft 

30.3 7 
30.47 
30.4: 
30.28 
30.34 
3 a 3 1  
30.09 
q0.22 
30.2a 
30.47 
30.3 7 
30.28 

ce 

- 

-.- c_- 

28.87 29.53 
29.34 29.82 
29.00 29.51 
29.16 29.73 
29.03 29.82 
ag.37 29.82 
29.47 29.74 
29.12 29.81 
29.06 09.59 
29.09 29.67 
29.09 29,8t 
28.90 29.6s -- 

- -- 
high& 
_I 

30.34 
30.43 
30.40 
30.23 
30.28 
30.33 
30.06 
3 0 a  
30.17 
30.49 
30.3 I 
30.20 -- 

_I 

lmeR 
28.65 
q,25 
28.91 
2$02 I 

28-79 
29.28 
29.37 
29,02 
28.91 
28.94 
28.06 

-_-- 

z m  
NE-c 
6W I 
RLG 
SE 2 

2 nt calm 
6 nt fw 3 
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G E N l i q A L  OBBERVATIOH. 

, will be feen from the above accounte, that the bato- 
meter ie generally higbefi atid IoweA about the fame time 
8t all the three placee) and if the qbfcrvations had Lren all 
taken at-the fame hour, it would have been more generplly 
tbe cafe.--Whenever the barometer happens to be at the 
monthly extreme a t  one plaoc, and not a t  anotlirr, L f i n d  it 
i g  always near f at the other 6 th$ great& difference8 in  thie 
rdfpeA reem to take place about 'the lower extreme, and to 

be ycca!ioncd by rain,--thus, whrn it happens to  bc excef- 
fitely heavy, raiii a t  one-place, and not at another, the baro- 
nieter ie  relatiwiy loweit where the rain falls. 

MeanJafe of the taromcter at Kendal and Kefwick, &r the 
' wboh 5 year$, for eacb prrrticular month 2 tbe year ; togctbtr 

, '  witb the nieanr ryon th# extrrmcs of hisfa niid low, and t h ~  
mean moiithljt mige, 
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Tlir mean monthly range at  London, upon an sversigc of 

the 3 years we haye giyen,,is, Jan. 1.73 inches, Fcb 1-33, 
Maicli 0.96, April o gg, May o 70, 'JiinP d83, July 0.65, 
Aug. 0.79, Sept. 1 .02 ,  OEt. 0.99, Nov, 1.39, Dec.'1.36. 
man rtingc i.oG inches. 

A Zuh!e Of the mean &aces de/criied hy !he rncrcrrry tach nrotd,  
detertnincd by J;imniing up the/lvtraiJmallSpact.s aJcndd and 
dejhu'ed; ap the mean numhr ofchatrgr,r f i s m  ajicctrt to de- 

ficni, and the contrary, each month, it being reckoned a chungc 
wbcn tbcJace d$rilcd i s  upward of .03 of  ut^ inch. 
*cans are for 5' years, at ICendal and Befwick. 



8 E C T I 0 N' S E C 0 N D. 

Of tht Thermometer'. 

HE next important infirument in meteor.. T dagy is the thermometer: by which' the: 
temperature, or &Free of heat, of the air and 
other bodies, is determinrd. An infirument 
u n k  this cliaiaaer was invented prior ro she 
barometer, but never brought to a tolerable de- 
gree of perfeojon till the preknt century. 

Philofophers are generally perfuaded, that the 
fenfitions of beat and cold are occafioned by the 
prefence or abfence, in degree, bf a certain prin- 
ciple or quality denorninatcdjire, or kcnt;-thus,. 
when any f'ubltarice feels cold, it is concluded 
the principle of heat is not fo abundant in that 
fubitance as in the hand; and if i t  feel hot, then 
finore abundant. It is moa probable, that  all 
i'ubltances whatever cantain more or lefs of this 
principle. RefpeEting the nature of the prin. 
ciiile, however, there is a diverfity of fentimefit : 
i'om fuppofing it a fu&ance, others a paiity, 
or property of fttbitance. Boerhanvc, followed 
by molt of the moderns, is of the former opi- 
nion;  Newton, with fome others, ate of the 
latter; thefe conceive heat to confiit in an in- 
tcrnal vibratory motion of the particles of bodies. 

Whatever 
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Whatever doubts may be entertained refpekb 

ing the cage of 'heat, many of its cffeas are 
clearly afcertained : in treating of thofe eKeBs. 
it is,expedient to adapt our language to one or 
Other of thc fuppofitions refpetling the natuw. eF 
their caure ; and as nothing has yet apprar'ed to' 
render.the common mode of exprefion unphi. 
loldphical, we M I  therefore fpmk of fire as 
a Ju&!adce, under the denomination of ' fire, 
or heat. 

One univerfd eff& of fire is its expanding cir 
enlarging thofe bodies into which it enters;  
which 'bodies fubiide agaiin when the fire is 
withdrawn. Solids are lea& *&pa,nded by i t ;  
inelnJic &ids, as water, fpirits, &c. are niord' 
expanded 5 and eluJzic Ypmid.rs, as .air, moa of all. . 
Hence, if a glafs tube of very {mall bore, and d 
large bulb at the end, be filled with any liquid 
fo as it may rifiinto the item, and heat be ap-' 
plied to the bulb, ;he liquor will rifc in the tube! 
and it is obvious to infers, that the larger the 
bulb and the finaller .the bore of the tube,' all 

'other circumftances being the h i e ,  the greater 
will be the afcent' for a given variation of heat: 
fuch an inltrument, when applied to a frame 
properly graduated, is called a thtrntometcr, 
Different fluids have been occafionally ufed for 
thermometers, but aone is found to anfvyer & 
well, in all refpetts, as quickfilver. 

Drl Boiling 
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ling water is of a conRhnt and un 
rature at all. times and places, pro 

the barometer be at & a  c.ertain: height; and a. 
mixture of pounded ice, 'or foow, and wpter is, 
likewife of an uwiforrn temperature.? Hence,l,wca, 
are favoured with the means of finding two fuf- 

oints. upon the ther 

thefe are called the hjI;ng and 
points, and are marked with 212' and 329 ren 
CpeBively, upqn the common kale, or that of 

necefiity of. anothe; t 

and below thefq points, ad Iilhm; 
degrees go below 0, they are iounted frawit,: 
and ,termed qqgaticoe, 

the .wFt.d i 
fc?Ie, and 

tes the. ufual heat of the 'human blood . '  ; 
E the blood fonietim 

nmatory fever; and at 175' 
quickfilver,itfdf boils at abo 

bitrary term, and there would have been no leis propriety 
calling it IOO', or IOOOO, than 0'. , 



TIlE following is the rerult of obrervations on the ther- 
mometer, takcri three times a day, at KctrJul and K@kA;, 
from a788 to  X 7 9 2 ,  inchfive. The rnorning obfervations 
were taken betwcen 6 and 8 O’cIOck : the mid-day obkrva- 
t ion9  about i z  or I ; tlie nigllt obfervations at &n&l about 
9 or 10, brit at  Kefwicb at 6 i n  furnmer, and 4 in winter; 
this circlimfiancc make8 the mean temperature of Kfwick 
too high, when compared with that of Kenilnl, which ought 
t o  LC noticrd in tbe comparifon. 

T l i c  iituation of the thermometers too, is another par- 
ticu1:ir that  f l i h d  he adverted to;-that at Kcndal was 
tvi:iiout, i n  a garden, under the fliade of a pretty large 
gcroriicScwy t rw,  facing tlie north: the garden i e  open’to 
ilic country in the iiurth, and I i a ~  Iiorrfes at  the diRance of 
8 01’ IO yard8 t o  thc fouth. Thr thcrmometey at A’eJwicL 
i a  i i~uaic near, but not in contaf  with, the wall and window 
of a\ Iioufe frrcicrg tlir north, wliich is open to the conntry : 
i t  i s  ;Iboirt 6 yards a h v c  the gr0~11d ; the fun uever fllineo 
on it i n  w i n L L 1 ,  ;ii\cI only a few \vcckr; in fummer, arid that 
c;lrly in tile morning, long before tlir obfervation is taken. 

t 

From tlirfe accounte it is obViOU6 to infer, that  tile ther- 
mometer a t  Kefwick will not be liable to the extremes of heat 
and cold, owing to  the influence of the adjoining wall; 
wliereas that at Kcndui is ptrhape liable to t w  great an ex- 
treme of heat, occafionally, owing to the rcfleCtion frutn the 
gt.orlnd, iliorigh thc fun never fliines upon the frqmc for an 
)lour at leait before any oblervatioii is talcen. 

Tile following tables, it is prcfumed, will bc f~ffrcicntly 
explicit ; we have given a table tach year, containing the 
(lays on which the extremes of licat and cold happened at 
each place, as with the baromrtcr. 



1% Ob/yersationJ on tbe Thermometer, 

AT KENDAL, 1388. 

.&T KESWICK, 1788, 

(9% o&rwationt’on tbt thermometer at Kefwick tbiz year were 
not compictf till Nay .) 



AT KENDAL, 9789. 
Morriii 

"w 
< 

4 
28 

25 
4 I. 

4' 
42 
32  
27 
30 

22 

38 

Noon. 
Fcican 

42 .'2 
41.4 

60 
G 3 . G  
64.8 
69 4 
28 4 
5 t  
42.5 
43 II: 

- 
36O. 

49 8 

- 
IOW. - 
19 
32 
3 1  

E' 
53 
54 
60 
50 
39 
51 

36 

49 35 
7- 

- 
6h' 

46 

ni& 

47 

37 
49 
57 
60 
62 
62 
58 
55 
45 



94 

7 



AT KENDAL, 1790. 

Marc1 
April 

Aug. 
Sep. 

Nov. 
Dcc. 
_II 



AT KENDAL,, 1791. 

I 1 Mnrnii 
low 

23 
26 
23 
36 
34 
38 
48 
45 
38 
24 

.-- 

22 
1 0  
I 

0 

40.4 
41.9 
47.2 
52.8 
56:5 
G3.8 
63.5 
64.3 
63.4 

Gjij 

48 
$0 
55 
67 
73 
81 
78 
74 
79 
60 
53 - 42 

- 1  

32 38.8 
36 36.5 
39 40.5 
42 44.' 
44 45,l 
48 5 2 . 2  

-- Noon 
low. Mean -- 

0 0  

5' 54 

52 5 ' * 5  
42 43,9 

48 53.8 

48' 
46 
48 
55 
61 
62 
66 
62 
60 
57 

t 'I'!lerMomeftr at 8: P. M.-6O j at ~ $ - I O ~ ,  and till IO P, M.-JO% 



_II 

N O O I L  
G&K 
-L 

49 
47 
54, 
65 
7 0  
76 
73  
68 
73 
61 
5' 
40 ._- 

Night. 

Tlrermometer at 4 P. M. i s o  j at 10 Y. M. 8O;  at x A.M. 60. 



a8 

Mean high. 

32.3 46 
37 49 
38.2 48 

0 

__c 

Jan. 
E'&. 
Marc1 
April 
May 
June 
J ~ I ~ Y  
Aug, 
Sept. 
04. 
N O V .  
Dec. 
an. me 
_I 

7 

'ow 

I I  
18 
20 

o <  

- 
Jan 
Feb. 
M a d  
April 

lune 

Aug, 
Sept. 
OEt. 
Nov. 
Dec. 
an. me 

May 

July 

II 
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O~ersatioms on #be 2%ermontcier. 

AT KENDAL, 1792, 

Noon. Night, 

22.3 44.3 

c_ 

nontla 
neans. 

34.' 
39.5 
41.2 
47.8 
48.5 
54.5 
5 8 4  
Go. a 
2 '  
46.3 
43.6 - 38.3 
47 

--- 
0 

AT KESWICK, 1792. 



The monthly and annual meane of tho thermometer, 
upon 5 years, are as under. 



The annual mean at Kgwick may perhaps be itated mor6 
accurately at  46O, ae the evening obfervations were taken 
too foon to give the true mean temperature. It may how- 
cvcr be proper to obferve here, that the time or times of 
the day at  which the obfervations ought t o  be made, i n  or- 
der t o  determine the true meanr has not, that I know of, 
been afcertained; 

I made the folldwing obfervatione on the temperature of 
a pump well, the furface of which ie ufually fro* 3 to 6 feet 
below that of the ground ; at the end of January ite heat 
was 45"; February, 45' ; March, 460; April, 46O.3 3 
May, 4 8 O  ; June, 50" ; July, $1"; AuguR, 5 2 O  8 Sep= 
tember, 50° ; OAober, 480.5 ; Noyefnber, 4 7 O . 5  ; Decem- 
ber, &.-TheTe obfervatione give an annual mea& 
of 4 7 O . 8 .  

About the middle of June, I 793, I found the tcmperature 
of feveral wells in Ketidd, after having pumped a frtv gal- 
lons of water from each ; fix of the deepeil, being fmni 5 to 
IO  yards below the furface of the ground, were juit 4gC 

'each ; three other deep ones were 4 7 O . 5  ; one not quite Io 
deep waa 4 6 O  ; and three that were only 2 or 3 yards btlow 
the furface of the gtound werc 4 9 O  each. T h e  deep orlc3, 

1 believe, in general are hu\?je& to  very little Variation in  
temperature all the year round. 

From t h d e  obfervations on the temperature of wells, I. 
am inclined to think, the heat of the earth a t  zo or mure 
yards depth is not the fame, at Kmdal, as the mean heat of 
the air, but fomething greater. Perhaps thie is a geireral 
fa&; the temperature of the cave of the obfervatory a t  
Purir, which is 30 yard6 beJow the pavement, is 530.5 ; 
whereas the mean heat of the air there, is only 52O.-H0w- 
ever this may be, I cannot believe the mean heat of the air 
at this place ia fa great ria that of the pump water. 

SECTION 



S E C T I O N  T H I R D .  

Of t15~ Hygrometer. 

HE hygrometer is an infirutiient meant to T ihew the difpofition of the air for attraQ- 
ing water, or for depofiting the water it has in 
fplution with it. 

Some sf the greatefi philofophers of the prel 
fent age have been endeavouring to improve 
thofe inhuments of this defcription we have al, 
ready, and to invent others lefs objettionable ; 
btit I prefume the objeQ is not yet fully attained, 
-To afcertain the exa& quantity of water in a 
given quantity of air, grid alfo the difpofition of 
the air for imbibing or depofiting it, is an objeQ 
indeed, highly important to the fcience of mete, 
qrology, and to philofophy in general. 

It does not fuit our intended brevity to enter 
into a detail of the different inltruinents lately 
propofed, with their refpettive merits and de- 
merits; we &all only obferve, that moil fub- 
fiances are affetled more or lefs with the drynkfs 
and moilture of' the air, particularly animal and 
vegetable fibres, which become turgid, and con, 
traQ by being expofed to moifi air. Spunge% 
p3per, &c. imbibe moifture, and become alter- 

natcly 



32 Of the Hygrometer. 
nately lighter and heavier by being expofed to 
the air. Strings, whether made of animal or 
vegetable fibres, twill and untwifi by the moi-- 
fiure and drynefs of the air, and confequently 
are fhortened and lengthened alternately.- 
The force with which a cord contra& is amaz- 
ingly great. Mr. Boyle, who feems to have 
been the firfi that made a feries of experiments 
of this fort, ukd to fufpend a weight of 50 or 
roolbs. to the end of a rope, which was alter- 
nately raifed and lowered by the moifiure and 
drynefs of the air, as a fmall weight would 
have been. 

i 

IMfervations on the Hygrometer. 

THZ only hygrometrical intlrument I have ufed, ie a 
piece of whipcord, about 6 yarde long, fatlened to  a nail 
at one end, and thrown over a fmall pulley ; in this manlier 
it hae been kept itretched, by a weight of 2 or 3 ounces, 
&ce September, 1787. It is in aroom without a fire, and 
where the air has a modcrate circulation; the kale is di- 
vided into tenthe of an inch, and begioe a t  no determined 
point,$ the greater the number of the kale, the longer ia 
the firing, and the drier the air. This firing hae varied in 
length above 13 inchee, or of its whole length. T h e  
obfervatione were taken three time8 R day the two firR 
yeare, and once a day after, namely, a t  noon..-Tha 
rcfult f O l h W 6 .  

Mcm 
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Mtan j a t e  of the Hygrometer, nt ICendal. 

' 

January 
February 
March 
April 
May 
June 

AuguR 
Septembe 
OCtober 
Nove mbe 
Decembe 
An. mean 
Uric& 
MoiReR 

July 

1788 

40.3 
54.7 
81 
85 

I 16 
'27 
'04 
"3 
I 08.5 

87.6 

93.3 
138 
'5 

I_ 

I02 

IO0 - 

Mean of 
'79" the whole. -- 
102.6 79.3 
100.5 85.2 
I 12 102.7 

125 113.9 
128 123.8 
'37 '3' 
'34 124.2 
138.5 126.8 
120.7  117 .2  
123.3 111.5 
106.4 102  
102.6 97.5 

83 

179'. 

85 
97 

105.7 
116 
'23 
'35 
'3 '  
I 29.6 
'29 
I '9 
"3 
107.7 
1'5.9 
'44 

II 

- 

65 
It is obvious, from the meane of the feveral yeam, and 

likewife from the extrcines, that the cord haa been increafing 
in length each year, io that, in h i l a r  ftatcs of the air, the 
index pointed at greater numbere each year fuccellively ; thie 
increak too appears to have been nearly in arithmetical pro- 
greffion after the firfi yeat.-In coufetpence of this increak in 
the length of the cord, fome allowance ought to  be made in 
comparing the mean Rate of the hygrometer in the difkrent 
months of the year; thus, if the months of June or July 
be taken for a ftandard of comparifon, then the meniis of 
the preceding months muR be increafed, and thofe of the 
following dirninihed, in iuch proportion as the aiinual in; 
areafe hall require. 

T h e  above mentioned inflrument ferves to flew a varia- 
tion in. the dryneb or moiRure of the air ; but it is verr 
hadequate to  the purpde for which a hygrometer is defircd. 

F EECTION 



0 f Rain-gaq-es, and air account of tbe qtmztity 
ofruin tblrtfell at Kcndal a d  Kefwick, 
in the years 1788, 1789, 1790, 1791, am? 
I 792, togctber with the quantity d t  London 
in the threejrJ of tbfe years. 

rain-gauge is a veRel placed to receive 

the m a &  quantity that falls upon a given hori- 
zontal furface at the place. A Itrong funnel, 
made of Iheet iron, tinned and painted, with a 
perpendiculFr rim two or three inches high, fixed 
horizontally in a convenient frame with a bottle 
under it to receive the rain, is all the initrurnent 
required. 

T"" the falling rain, with a view to afcertain 

Tn order to determine the depth of water that 
falls in the open field, with this apparatus, we 
rnuIt have given, ilt, the weight of the water 
caught in the bottle ; 2d, the area of the aper.. 
ture of the funnel; and, id,  the weight of a 
cubic foot of water, which has been h i n d  equal 
to 6z;lbs. avoirdupoife. Then, if a = the area 
of the aperture, in inches, W = 62;.lbs. and w 
= the weight of the water caught, in ppunds, 
we' hall have this theorem, per menfuration, 

20734 



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

By inverting this theorem, one may eaiily 
find the weight o f  water correfponding to any 
given depth ; which being once found, it is 
mofi expeditious, and fufficiently accurate, w h p  
the funnel has 8 or io inches diameter, not to 
weigh the water each day, but to iiienJire it, 
by means of phials, &c. fuitable for the purpofe. 

IN' the following account, w e  have given the aniorint of 
Je rain' each month, at K e n h l  rind KgwiccA, for fi years, 
except for 3 months at the lall place; and alfo at Idondon, 
for 3 years : thc Ialt is talcen from thr I'hilploplrical Tran- 
fa&ions. The rain at the two before mentioned places wan 
taken each evening at 8 or IO o'clock.-To tlic iiccouiit 
we have addid, the number of w e t  dujs each mouth,' o r  
thofe on which the rain amounted at lrtrll to ,001 of 
an inch. 

N. B. My rain-gauge at Kendal ie I O  inches diameter ; 
and Mr. Crghwaite'a a t  KcJwirl about 8 : they were both 
fufficiently diltant from trceo, houfce, &o 

F2 I 788. 
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I [ At Kendal. [ [  At Kefwick. 
Z&js 

22 

At London 
~nc~iEs o f r a X  

0.439 
1.461 

0.607 

--I__ 

0.336 
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- 
At Krfwick. 

ret &ye 
19 
1 7  

17 
18 
2 1  

24 
26 
ao 
16 
13 
-- 2 4 -. 
225 

_ _ -  

IO 

\At Londoh 
/Inchesofi ___- 

0,967 
0.115 

1.470 
2.898 
0.708 
1.700 

1.991 
0.368 
1.108 
2.512 
2-09 3 

I 16.052 

0. I22  

Ar KL‘ -e nclirs of ram ___.__I 
6 567 

1.g60 
2-645 
4.’ ‘4 
7.894 
6.200 
6.682 
5.382 
5.345 

10 ? O t i  

3 662 
1.606 

’ 

Inches0 
win. 

8.369 
6.641 
3.641 
+HI0 
3.983 
3,493 
6,344 
5.165 
3.409 

I_ 

c_ 

Jan. 
Pel). 
Marc I 
April 
May 
J u n e  
J~I’Y 
Aug. 
Sep. 
OCt. 
Nov. 
Dee. 
“l’olal 
- 
-- 

lal. 
_.-- 

18 
I 5  
IO 
I [  

14 
’7 
2 5  
26 
16 
‘ 5  

24 
I2 

-I 

---- 
A t  Kendal. At JCer’wick. 

wet lnchcs of wei 
!@YE. lain. duye  
28, 11.3574 28  
16 9.2244 2 1  

___ _. 

1 7  3.1231 17 
17 3.3190 21 
18 4,9963 18 
13 2.0133 20 

181 8.2060 20 

17 5.8852 16 
101 2.7715 I 1  

5.505 22 7.1272 23 
6.465 2 1  8.7238 23 

~ 

riches of rain -- 
5.9377 
4.0124 
1.3228 
2.3198 
3.4588 
5#’077 
6.2509 
5.8524 
8.3 950 
6.1304 
5*0550 

10.g010 

64,7439 

t’ 

At Kcndal. iAtKcfvick4 
lnclias of wet Inchcs of wet 
- - ! a k l @ ?  rain. ,day! 
4.120 I 3  4.5041 1 5  
5.820 14 4.9375 2 0  

-- 

6.684 23 9.6261 26 
io.ogr IG 111.6460 17  
5.222 19 6.5’67 2’1 
3,514 16 2.7110 2 0  
5.926 2 1  3.8643 20 

7.398 18 5.9704 1 
11.229 28 t0.6179 2; 
6.028 20 6.7357 2 1  
6.030 18 5.8350 I 

_-_-___ 8,375 2 2 ,  I 7.8050 
&zoo\Zrg 73.55221241 

...._^____ 23112.122 27 rr.6404 2: 

,84.884 1233 84.6051\239 

- 
r 

Jan. 
Feb. 
Marc1 
April 
May 
June 
July 
Aiig. 
Sep. 
OA. 
Nov. 
Dec. 
Total 
-- 
I_ 



38 Account of Rain. 

aftan mont6ly rain and number of wet days, ut Kendal and 
Keiwick, for all the 5 years, 

T h e  greateR quantity of rain in 24 hour#, for thefe 5 
years, wao on the zzd at  April, 1792, namely, a t  Ketrdaf, 
4.592 inches. T h e  rain a t  Kfwic.4 on that day, wan fornc- 
thing lefs; but taking both the 22d and 23d, the rain wae 
.early equal a t  both places. 

BeGden thefe z, there were other 2 days, a t  Kcndal, 
when the rain was betwixt z and 3 inches, and 56 day# 
betkrixt r and z inched. 

At Kflwici, far 4 7earn and g month,  tliere were 3 days, 
leefideo the 2 above mentioned, when the rain wae betwcer 
% and 3 inches, and sa day8 between I and 2 inches. 

SECTION 



S E C T I O N  F I F T H .  

Oveervntions on the He$$ oftbe Cloudr. 

R. CroJtbwaite, of Kejwick, has availed M himfelf of his fituation in the vicinity of 
high mountains, to make obfervations on the 
hqight of the clouds ; for which purpofe he ha8 
chofen Skiddaw, the highefi mountain in the 
neighbourhood, a very fine view of which hie 
mujunt commands. By means of marks on the 
fide of the mountain, and with the afiitance of 
a telefcope, he can difcern, to a few yards, the 
height of the clouds, when they are below the 
fummit, which is very often the cafe.-Perhaps 
the following feries of obfervations is the only 
one of the kind extant, as the labour and diffi- 
culty attending fuch obfervations in a champaign, 
or flat country, are fufficient to deter any onc 
from making two or three daily obfervations for 
a feries of years; and when the whole f i y  iD 
clouded, they are quite imprabicable. 

He has determined, by trigonometry, the pcr- 
pendicular height of Skiddaw, above the level of 
Derwent lake, to be io50 yards, which agrees 
very nearly with Mr. Donald’s obfervations; and 
be has noted, in a column of hio meteorological 

journal, 
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journal, every morning, noon,’ and evening, the 
height of the clouds, in yards, above the level 
of the faid lake, when their height did not 
exceed that of Skiddaw; and when it did, he 
has marked it as fuch. 

ObJerZratiions on tlJe Height oft&  cloud^, 

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 m o  
yards high in the next column, &c.-In order 
to determine what effeA the feafons of the year 
have upon the clouds, in this refpe€t, we have 
kept the obfervations in the feveral months di- 
fiin&.-It is to be noted, that the column con- 
taining the number of obfervations when the 
clouds were above Skiddrzw, includes tbofe ob- 
krvations when there were no clouds vifible ; 
but Mr. CroJthwaite has noted this lait circutn- 
fiance alfo, in the journal, and it appears, that 
%bout I obfervation in 30, of thofe in that cod 
&mn, fhould be deduAed on that account. 

Cloud, 
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I 

an. 
'eb. 
far. 
ipr. 
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Lug, 
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I&. 
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3' 

3' 
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3. 
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- 

I t  may be proper to obfervc, that the fuppofition of the 
Floude riling or falling with the barometer, or as the denfity 
of tpe air increafee or diminilhe!, ie not at all countenanced 
by thefe obfcrvation8.-Alfo, sthat in very heavy and con- 
tinued rains, the cloude are moftly below the fummit of thc 
mountain ; but it frequently mine when they itre entiiclr 
above it. 

G SECTION 



S E C T I O N  S I X T H .  

E ha l l  arrange the dates arid accounts of W theft-, in the order of their fuccefion. 
When die difiance of th.: thundei  is: mentioned, 
it is ca1cula:ed by ohferving the number of k- 
cqnds between feeing the lightning and hearing 
the thunder, and allowing I I 42 feet of difiance 
for every fecond of tiine. 

Thunder$ornis at Kendal and Kefwick. 

1788.. 
May 26. Scveral loud peals of thunder a little before 7, 

and again b e f m  9, I?. M. the lait veiy near, at ILendal. 
The fame a t  ICefwick, at  7 1.'. M. nitl! a few drops of rain. 
--Tk Itormi from the SE. 

July 3. From G t o  7 P. M. much thiudcr, and vcry hdvy 
fiowc.ru at both places. 

AuyuR 15. From 7 to 8 P. M. thuuder and heavy rain, 
from the NW. at  Itcfwick. 

Hugttft 16. At 7 ;  1'. M, a tremendous Rorm paffed on 
the SE. o f  JCeridsl, 8 or IO miles difiqnt ; 20 or 30 f la lho  
and reportp fticccrtld each other in about half an hour. 

Srytemher 26. Dittant thunder in the night, at Ikndal. 
At 7 2  P. M. 2 c l d p  

It came from the S. 

Iiefwwick, whh rnuclr rain, 
1789, 
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17890 

April 27. At 31  P. M. fome loud peals of thunder, at  
Kendal. 

May 13.  From 6: t o  7 P. M. feveral loud claps of t hun-  
de r ,  diflant, a t  Kcridal.--Drtwcen 7 and 8 P. M. much 
thunder heard ar ICebick, from the SW, 

May 17.  A little before 3 P. M. one clap of tkunder 
heard-at ICendal. 

June 12. DiRant tlrupdcr in  the rvening a t  1Ccndal. - 19. Dillant tliiinder 1’. M. a t  Kendal. - 20. -4t I 1’. hl. frveral clnjiti at Kend?l :-the ftnrm 
returned at  4 1’. M. and thcre wcre 35 ped18 in j ofan hour, 
many of them uucommoiily loud, and near ; there was rain 
in the mean t ime,  but not heavy. 

N. R. A woman was killcd by lightning, in 8 houie a t  
Scdterjh, about I I miles from !Ct*iidal. 

June 27. Diftant thunder in  the cvening, at Rendal. 
July 4.. Dinan t  .thunder a t  t 1’. M. a t  IZendal.--l,oud 

July G. After  z P. M. diRant thunder, a t  Kendal. 
-IO. At 3 1’. M. a difiant thunder clap, at Ketidal. 
-19, At 2; IJ. M. diltant thunder, at liendal. 
-21. Pat1 5 P. M. 3 loud pcals, at  Kcndal;  and dif- 

tant  thundcr, a t  ICefwick, 
Augult 29. P. M. forne thunder, with heavy rain, at  

‘Kefwick. 
September 29. After  g P. M. I T I I J C ~  tliltant thrinder, with 

howers, NW. a t  Kendal.--At 8; P. M, one long and loud 
peal, at  ICcfwick. 

September 3s. Diffant thunder in  the night, at 1Cendal. 

1 

thundcr, and hcavy Ihowers, P. (M. a t  Kdwick. . 

17 90. 

April 26. At I P. M. fome peal6 of thunder, a t  Kendal. 
M a y  16. At 9 P. M. one loud crack, from tho E. et 

GZ a 790. 
Kefwick. 
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'790d 

May 17. At 31; A.M. one loud crack, and a heavy 

June 9. From 6 to IO P. M, much thunder, with little 

June 16. DiRant thunder in the evening, at Kendal*.- 

June*zz. From 6 to pail 8 A. M. much loud thunderR 

AuguR 27. Some thunder P. M. at  Kcndal. 
Segtembcr 3. P. M. a little thunder, a t  ICefwick? 

kower, a t  Kelwick. 

rain, a t  Kendal. 

At 8; P. M. feveral loud claps, at Kefwick. 

with rain, at both places. 

u 

X p J ' I .  

January 5 .  Loud thundrr in the night, with hail, at 
Ktfwick. 

May 21.  A t  G P. M. diitant thunder, and hail thowen,, 
at Kendal. 

June 4. Betwixt I and z P. M. feveral pede of thunder, 
at Kendal. T h e  laR of them was the moR remarkable one 
ever remembered at  thie place j-inflantaiicoufly after the 
flqlh, was heard a very loud and tremendous crack, exR&ly 
fimilar, but incomparably more loud, than the report ofa  
mufltet ; every houfc in the town wao feufibly haken by it, 
and univerfal terror prodnccd by the loudnefe and fingulnrity 
of thc report ; but providentially no harm was done.-Thc 
rain, mixed with hail, exceeded in quantity what haa eves 
been produced here 011 a Gmilar occafion, for 6 years a t  leait; 
there fell upwarde of one incb and a h u y  in the fpace of tbrcr 
quabtrrz o f a n  hour, though a co~ffderable part of that inter- 
val wa8 moderate rain. 

N. B. I t  is remarkable that the barometer wda ftationary 
a11 that day, and ib high a8 30.06. 

2791. 
* There was, this evening, about Prelton-hall, 6 miles from Kendal, 

p e  of the mofi extraordinary torrents of hail and rain, atrcindtd wH- 
thundh, that is r~pon record. 
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fune 12. At 4 P. M. a crack of thundar, with hail and 

July I 7. At IO P. M. loud claps to the NW. at  Fefwick. 
-I 8, After 2 P. M. feveral claps, a t  Kendal ; one of 

which not unlike that of the 4th of June. A t  ICefwick, 
3 claps A. M. and 3 P. M. with excelfvely heavy kowere. 

huguf i  15. Between 8 and g P. M. there wan the moll 
lightning I ever remember to have feen at  one t h e ,  a t  
Kendal ; Come thunder was heard, but it was diitaat, E. 

Auguk 16. From 54 to pad 7 A, M. much thunder at 
both places, and heavy rain at Kefwick, 

OCtobet 20. At 8; A, M. one loud clap of thunder, ab 
ICehick, and much lightning from 7 t o  IO  P, M.di$avF, 
rain all day. 

F, M, 48. 
&Cwick, 

rain, at Iicndal. 

December 25. Much thuadcr frarn' 5 to 

1gga0, 
April 13. At 9 P. M. much diRant thunder, at Mendat. 
May 27. petween 3 and 4 P. M. lohe thunder and rain, 

July 9. At 7 P. M. dillant thunder, at Keaddi  
-16. P, M. much thunder, at Kendal. 

July 18. At 8 A. M. thunder, a t  1Cendal. 
- 2 5 .  After 6 P. M. thunder, at Kendal. 
AuguIt 26. At 3 P. M. forne thunder a t  Rendal. 
OCtober 14. I n  the evening, lightning; and at  io, diRant 

thunder, at Kendal. From 6'to I I' the fame evening, light- 
ning, a t  K e h i c k  i and at the latcr hour, m e  lwg: and lou4 
,vack of thunder, - 

at Kqsdal. I 

Between 6 
Qnd 8 P. M. loud thunder, a t  Kcfwick, 

Days 
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- 
Hail at Kendal. I Hail at  Kefwick. 

3 I 788.- I April 4. Nov. 4. Dec. 26 a 3 I .  

I_ 

. 
1788. 

1 789. 

019. I .  Nov. 24. 
pc 16. 

Janiinry 18. 

ian. 18. Mar. 9. 

?79Q* 

r;g1. 

” Sep, z & k D e c .  1 1  & 13. 
-1 ___ I I 7 90. 

. rjgr. 

Jan. 27. April 25.  Aug,3. Feb. 16. April I 1PCrq. J~llygr.’  
Dec. X I  PC $5 .  

an. 5, 7 j  I I  eC: 13. Feb, I Jan.2,4&5. F’eb. i 1 ; 1 5 & 1 8 .  
1 8 .  Mar. 21 .  May 21,  Mar. 21. May 18, 20, 22,  23, 

SC 25. June 1 2  h 21.  July 5,  
OB. 8 & 24. Nov. 5, 16 & 28. 

22 & 23. June 4 &  12.  

1 

Day on which HAIL has been noted in the journalr 
G t  Kendai and Kefwick. 

1792. 

Sep.zo&zi ,  OA.r$. Nov.15. 
_I. 

I 1792. 
19. May 22. OA. 17. Mar. 7. Nay I PC 2 .  June 30. 

ec. 6 & 22. 

N. 13. The winds that bring hail-fhowers are alwaye SW, 
w, or NW, in there places 5 and the barometer is generally 
IOW. 

In order to dlrcover what particular montfis or fearon of 
the year, ie moR liable to thunder-fiorme and hail-lhowere, 
we have colleaed the fcvernl obfervatione, a t  both places, in 
oach month of the year, into one fum, and placed them below, 

. Jan. Feb. Mar. Apr. May June July Aug. Sep. 00. Nov. Dec. ~ 

Thunder r o o 3 7 5 12 7 4 2 o “*I 
Hail 11 7 5 0 I I  6 2 I 6 7 7 13 

SECTION 



S E C T I O N  SEV.ENTH. 

O,&vntions on the Wilrds. 

Have before obferved, that my obfervatidns I on the winds refer them all to $ equidifiant 
points of the compafs, and to 5 degrees of 
itrength, marked 0, I ,  ,2,3, and 4, refpetlively. 
MI-. Crdhwaite has referred them to 32, 'or the 
whole number of p i n t s ,  and to 12 degrees of 
firength ; but I have reduced his obkrvations to 
agree with my own, in Qrder to prepare the fob 
lowing table of comparifon. 
' 

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

It may be obferved, that the high winds do 
not in general differ materially, either in firengrk 
or diretlion, at Kendul arld KcJGic.4, as might 
be expetled from the proximity of the places; 
but when the wind is moderate, there is often 
a difference in direaion; probably the moun- 
tainous fituations of the places may have Come 
influence in this lait cafe. 

Here ,follows Tables containing the number of obferva- 
tionc on the windo each year, in all t1i.e different dire&ione, 
at both place]. 

WINDE 
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= 7 9 2  

- 
N. 

13' 
94 

62 
5' 

_I 

IO0 

--rr - 438 

Ovrviztions on iAc Wiiidf. 

WINDS A T  KENDAL. 

WINDS AT KESWICIC. 

1790 3 2  62 ' 1 4 3  
'791 44 73 '33 
I 7 9 2  49 8 4  '31) m 7 q i T  723 

TO there tablee we fihall fubjoin an account 6f tho'fe day#. 
en which the highefi winds prevailed, at one or both place#. 

High@ wind!, marked 4, at Kendal and Kefwick, 

1788, 
Jan. 19. March 16. April I and 3. Dec. 26 and a7. 

Jan. 13. Fe). 2, 3, 4, XI, 15, and 24. O& I .  Nov. xs. 
Dec. 15, 18,' 19, 20, 24, ~5~ and 30. 

17900 
Jan.. I I .  Eeb. 1 2  and 26. March IFO. June 19, July 5,  

x79r- 
20, and 21. OCt. 12. Dec, 13 and 23. 



Overwtions on the Winds.. 49 
1791. 

jara. 4, 5 ,  7, 8, 1 1 ,  12, 13,  ~5~ 17, 18, 19, 24) 25, 29, 
snd ~o.-N. B. Theft: winds were all W. or SW. except 
on the 18th aiid Igtli, SE. Frbr I ,  IO, 11,  12, 15, r 8 ,  
19,  and 2 2 .  March 4. 15,  19, 21 ,  and 23. May 17 and 19. 
Jiine 16 a&. %o. Nov. 9 ,  1 1 ,  12, 19, 26, and 27. Dec. I ,  

I j, and 25. 

17929 
Feb. 2. March 18.  April 2, 15, 22,  and 13. Sept. 10. 

OEt. I ,  1, 3, and 31. Nov. 18,  19, 20, and 21 .  Dee. 4, 5 ,  
6, 9, IO, 1 1 ,  18, 20, 22, and 23, 

In order to determine what months of the year arc molt 
liable to liigli winds, wc have found the amount of the 
number of days in the feveral months, on which the highc8 
winds were obferved, according to the above account. 

Jan. Ftb. Mar. Apr. May June July Aug. Sep. OCt, Nov. D e o  
1 8 1 7  8 6 a 2 j o I 7 1 2 2 4 .  

.C' . 
--I-- 

SECTION EIGHTH, 

Accoud 6f the j r ~ ?  arid laJz ap~earnnce X D f  

Snow, each winter; the FroJ, Snow,fc- 
verity of the Cold, We. 

OST people know that h o w  firk appears M in general upon the mountalns ; and the 
higher thefe are, all other circumltmces being 
9 e  fame, the honer their fumiilitc are covered 

Ez with 
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with h o w ;  if they exceed a certain height (which 
varies with t he  latitude) h o w  continues upon 
thcrii all the ycar round, or is perpetual ; brit this 
is not the care with any moilntairls in Engiand. 

The highefi niountairls 'Teen from Kcndd arc 
to the ISW. and do not c ~ c e c d  6 or 7 iiur,tlrtd 
yards -iy I i c ig t~ t .  as has 1icc.n obfcrvd ; i t  is 
tliefe of c4)t1rfc that  are fir{\ topprd with frit:w, 
1 lie tnonritains iii the iieigliloulhood ol: A g z u c k  
are much higher. 

r _ I *  

The f ir f i  appearance of boor f i n / ,  each au. 
turnn, has beer: prctry (ari~fully IIOKCC!, but the 
Xdt apprarance of il, in t!ie ipring, has not, it 
bciiitt iilconvenicnt at that  fearon KO niakc ob- 
firvations previous to the riling of the fun. 

The dates of the different appearances follow 
for each year, together with the mean times; 
OI., thofe t imes  before or afttcr wliich, upon an 

- q u a l i t y  qf chance, the events may be expetled 
in future. 
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1788. 
I N  the beginning of this year there was very little frolt 

o r  fiiow; the molt h o w  wao on the 7th of Maich, being 
above 2 inches deep, both at Kendai and Kdwich. 

111 the beginning of Drcembcr the froit let in,  and con- 
tinued for fi weeks ; the mean itate of the thermometet for 
which time way 2 8 O  ; and a t  the cnd of it the fioR had pe- 
netrated 16 01 18 inches into thc ground.-Above! 3 inches. 
af fnow fell on the 3 I It. 

1789. 
Not m i d i  revere froit after the middle of January.- 

&IOW o n  the 14th mid z r R  of the Lmc. Miirh l*irnw froin 
the 9th to the 14th of Mnlcli ; about G iiiches duy, at am 
avmge, hoth a t  K~tidoi and Kcfwick. 

Frolt in November; veiy little in  Lkcembcr. 

' 790 .  
Little either froR or fnnow, i n  the beginning of thc pcnr. 
On the 1 7 t h ,  18th. and rc ) f l i  of December, much boy, 

4 inches deep, at an average, a t  both placcrr. 

"79'- 
But little frofi or fnow in the begitinin): of the year. 
On the 8th ,  7'3, and 1 0 t h  of Dccembri, a very great 

quantity of h o w  ; the avei age deptli, at h'rlihi, W ~ R  I I 
inches, which wae rhe grctltcLt. ohftrveJ thelr $01 24 ycarb 
part ; the average depth a t  KeJwich was nlw.tt  8 irichrs. 

It wap on thc evening of t h e  fucceediuE *lay, the J xth, 
that the extreme of cold took, p1Rrc ; tht air w ' i ~  clrar, and 
the wind from the N. but very moderate; the barometer 
wan 29.75 g it was rifing before this event, and i t  fell 
afterwards., At Kctidal, the thermomcttr at  8; P. M. wile - 40, upon the fnow ; afterward8 it fcll to - i o o  ; i n  the 

H2 mol ning 
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morning of that day it was IS', and 20' at  noon.-Durlng 
the extreme cold, a prodigioufly denfe mift was carried from 
the fiver into the town, in which the thermometer fell nq 
lower than 3O, whilit it  was - ioo to the N. of the river, 
and the air quite clear. The  next morning the thermo- 
meter wqe a t  7 8 O ,  and the day windy, with fhowers of 
€now, hail, and raid. 

Probably the cold a t  KeJwic.4 wan ae extreme as at  Kendal. 
Mr. CroJthwaile'e loweit obiervation was 6 O  ; but the prox- 
imity of hi8 thermometer to the houie, might be a means of 
keeping up the temperature in fuch an extremity ag thio. 

$792.  
Btrong fro& the ficcond week i n  January. 
Little froIt or h o w  in November and December, 

--- 

SECTION TENTH. 

Account of Bottom winds on Derwent la&, 

ERWENT lake id one of thofe few which D, are agitated at certain times, during a 
calm feafon, by Eome unknown caufe. The 
phenomenon is called a bottom wind, 

Mr, 
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Mr. CroJZhwaite has been pretty afiduous iq 
procuring intelligence refpetting thefe pheno- 
mena, and in obferving any circumitance that 
might lead to a difcmery of their caufe; but 
nothing has occurred yet that promifes to throw 
light on the fubjelk. 

N. B. The lake is near &$wick. 

The following i s  an account of tbe times and rir- 
cwrflances of the Jeveral oyervations, 

1789. 
April 30. From 8 A, M. till noon, the lake pretty mbch 

.agitated . 
AuguR 9. At 8 A. M. the lake in very great agitation6 

white breakera upon large waves, &c, without wind. 
AuguR 27. At 9 A. M. a fmall bottom wind, 

1790. 
June 20. ,At 8 P, M. a bottom wind on the lake. 
OBober 1 1 .  At 8 P. M. a bottom wind on the lakc. 
December I. At g A. M. a h a n g  bottom wind on the 

lake. 

'79'- 
T h e  phenomena that took place thii year, if any, were 

not noticed. 

'79%. 
OAoher 28. At 1 P. M. a bottom wind; the water 

much a@tated, 

$ECTIOR 



SECTION ELEVENTH. 

Account of tbc Aurorae Boreales j e n  at Ken- 
dal and Kefwick. 

HE aurora borealh, or that phenonl-enon T which in England is callcd the Xorthcrn 
tights, or JZrcamws, has appeared frequently to 
d l  the northern parts of Europe fince the year 
1716, though it feenis to have been a rare phe- 

pomtnon before that time. 

Sometimes the appearance is that of a large, 
Bill, luminous arch, or zone, refiing upon the 
northern horizon, with a fog at the bottom ; at 
other times, flames, or corufcations, are k e n  
over a great part of the hemifphere.-We fhaU 
defcribe the general phenomena more at large 
in the effay on the ful$eCt, in tbe fecond part of 
this book; and particular obfervations will be 
given at largc in the addenda to this fe&ion. 

Explanation of the following L$ 
IN the fir& column we have given the month and day 

on which the aurora was fecn ; i n  the fecond, thc hour 
P.  M.; when 00 hour ie mcntiuned, it is to be underfiood 
to have happened between the end of the twilight qnd IO 
o’clock. The third columa contains the moon’rr age at the 
rime, er the number of complete dayo betwixt the c h a t p  

an4 



Account of tbc Aut.or& BorealeJ, 53. 
and tlic aurora ; tlie fourth contains the dags in like nianneF 
betwixt the ful l  and the ouroru; thc reafons for there twe  
columns will appear i n ,  the May.  In the fifth column we 
have charatlei ized the atrrora, by one or more wor& : Jill, 
dcnotes the nortlici II  horizontal arch ; arid aCw,  denote8 
thofe appearances when diAin& flalhes and corurcationd 
wcre ken : but this difiin&ion was not always attended to, 
and if it Jiad, tile uzwora often exliibit~ both appearmces a t  
tlic fame time ; grciwd, denotes a large dirplay of itxamersl 
ovcr great part of the hemifphere; hkh, denotes near the 
zenith, arid low, near the horizon, apparently. 

N. R, T h e  dates of t i d e  obfervations not charaaerized, 
I reccived from a friend; they, niay be depended on a@ 
authentic. 

A L$ o j  tbc Aurora= Boreales overved ai Kendd 
mid Kefwick, for 7 yEars, namely from May 
1786 t o  May 1793, together w i t h  the nioon'$ 
agc 4t the reJppefiive tiniw of ohfirvation. 

N. B. For difiin&ion's fake we have marked all thok  
that were ohfervcd at  both places with 2, and thofe obfervctf 
at Kgwick only, with I ; the reR werc obferved at KenJd 
only.-Thofe marked D, were doubtful obfervations, from 
twiligltt, or other caufe8. 



3s Account of the Auror& Boreah. 

e) A havY fiowcr, with thunder, juft before. 
(b)  Several flahes oflightning with it, after a very wet day. 
(c) Prom JO to 11 P. M. uncommonly brilliant, atlive Rrcamtrs over mob o f  

the hernibhere : they were &id to be heard.---Not much inferior the next night. 

(9 Splendid ikoatpero, extent from NE. to W. j t10 fog boncal, 
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6) Soan a h  8 P. M.'o broad arch waa obLrved, extending quite acto@ bhe 
Seavcnri, through the zenith, from E. tg W, nearly j but its eafitm rxtwmity in- 
clincd to the north, and its weflcrir to the fouth I akrwards pa uncommody 
grand difplay of Rreamero over two-thirds of tho hcmlfplwr. 

( I )  At g; P. M. thero was a large bow, like that of the pgd of AIlgult IaR. 
(c) It bcgdn S. of thc prima vrrticnl, end afterwards $read northward. 
(d)  Plalhcs of liglltning, both thiu cvcriing an4 the fuccccding. 
(4 Moit of the hemibherc finely illurninated with A rcamcrs. 
03 From 8 to ao a grand Jifplny of &pPmcrr avw great put, cftpe Lemifjcrc. 
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'79" 
(a) Lightning nftcwardr. (6) Thundcr at: a diRancc thii evening. 
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General ob$crsations on thc Aurora IkJore Oflobet. 
'3, 1792. 

IN making obfcrvations upon any phenomenon in nature, 
with a view to afcertain its caofe, cverv pqrticular circum- 
Olnce. hodd be attended t o ;  for, though many may be 

I 2  found 

* A maw puticdar acwunt of the fucceedinp ones wiU be givcn hereaklr 
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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 happen8 t o  be of importance. It will be 
feen hereafm, :hat the exa& beadng and extent of the large, 
fitill, horizontal arch of the aurora, and the point in the hea- 
vena to which the corufytions tend, are amongit the cir- 
cumRanees of much importarlce in the invetligation of its 
caufe. The& circumflancee, it  muft be confeffed, were not 
accurately nptked, either a t  Kcndaf or K&icA, previous to 
the middl9 of OEtober, 1792. 

Ae for myfelf, the only minute I ufually made upon the 
fi?f aurora was, that it was fitirate in the NW. by which I 
meant that its centre was between the N. and the W. witjk. 
out once attempting t o  aker tah  the exa& bearing of the 
centre ; and the corona, when there was one, is often men- 
tioned in  my notes, as  being fouth of the zehith, but the 
number of degrees wao not afccrtained. 

Mr. CrOJfwdtc, however, has been rather more particular 
at times with refpea to the bearings, extent, &c. T h e '  
centre of that on Januaiy IO, 1788, he obfervce bore NNW.; 
that of the 28th of April, NW. b N.; the centrca of a11 
the reit are iaid t o  have been between the North and Weft, 
mr elfe North ; not one was obferved to have ite centre to 
the EaB of the meridiad. 

N. B. 5% addithnal o6jraations on tbc Auror, beginning 
Oqobrr, I 7 9 ,  will Be giwm qj%r @e, cuirk :bat on the J 3tb 

yat &tiion. 

SECTICW 



SECTION TWELFTH. 

On MagnetiJkz, and the variution of tbt Nccdlr, 

N order to underitand the additional obfer- I vations, and thc fubfequent Effay on the 
aurora borealis, a competent knowledge of mag- 
netifm is requifite 6 and as the principal faas 
relating to that fubjeA are few and iimple, we 
have thought it would not be amif5 to hate 
them here, for thc rake of fuch as may not be 
previoufly acquainted therewith, 

The LoadJune, or natwaf Magnet, is a mi- 
neral produaion, found in the b O W d 8  of the 
earth, amongit rich iron ores, of which it is one 
itfclf; its diRingdhing property is that of at- 
traaing iron and fieel, 'This property, which is 
called magnetifm, is communicable to @eel only, 
fo as to be permanent ; and 4~ iron when within 
the influence of a' magnet, but as Coon as the 
magnet is withdrawn, the magnetifm of iroq 
oeafes. 

Every magnet has two oppofite points at ex- 
tremities, called its poles; the one is denomi- 
nated i t s  north pole, and the other its Juth pole; 
and the attraqion of the magnet i s  ltrongcit at 
its poles. 

If 



6 2  On i@gnet;Jil.(, 1 Wc. 

If an oblong bar of tempered iteel (it will 
anfwer well if 5 inches long, half an inch broad, 
and a quarter'of a n  inch- tliicb) be rubbed over 
from one end to the other, always the fame way, 
byeither pole OL s SnagQet; it will bt convcrtc& 
into a magnet itfelf; and that end to which the 
pole was firft apRlied, will be a pole of the new 
magnet, of. the fame name as the generating 
pole. By rubbing the new magnet the contrary 
way, with the faqe pole, its magnetiiiii will be 
firk'deltroyed, and then frek magnetifm will 

; but the poles of the new 
contrary names to what they 

were befire: 

Qther pole o f a  magnet attralts iron, or fieel 
not magnetic ; but the pole of one magnet, re- 
pels the pole of another magnet, of <the fanic 
name, and.attraCts the pole of a contrary naine ; 
the repulfion in the former cafe feeems to be 
equal to the attraQion in the latter. 

Magnetifm is fometimes communicated, de- 
itroysd, or inverted, by lightning, or by an 
elearic hock, &c. 

If a magnetic bar,, or needle, be fuffercd to 
move freely in an horizontal plane, it willonly 
reit in one pofition, when ,the north pole points 
northward, and the fouth pole fouthward.-= 
Hence the common needle and compafs, wFch 

was 



was invented about the beginning o f l h c  '14th 
century. 

If a plane perpeudicular to the ihoriaon bc 
conceived to be d r a w  through the horbontd 
needle, when at refi, ,it i s  called the plane $of the 
magnetic meridian ; and the-angle made by &his 
plane, with the plane of the true meridian, ,is 
called the sariation of the needle. 

V 

If a magnetic needle be  tnicely poifed on an 
axis paffing tbrough its centre-bof gravity, or 
middle, and fuffered to move freeIy rboth. hori- 
zontally and perpendicularly, it will re@ on13 in 
one pofition, namely, when in the plane of athe 
maguetic meridian, ,and having its north .polo 

,pointing towards the ground ; the angle of de- 
fleaion from the horizontal plane, is called the 
clip of the needle, and the needle itfelf in this 
cafe a dipping-needle j its qofition ,is the pcoper 
and natural one of every magnet that is i'uffered 
to be guided folely by the magnetic influence, 
From this phenomenon, and others of the fame 
nature, it is inferred, that the earth it&K is .a: 
magnet ; whether its magnctifm refults horn the 
anired influences of the natural magnets it con* 
tains, or whether its magnetifm may be in its 
atmofphcre, is not certain ; and as poles of un- 
like denominations attraft each other, the fouth 
pole of the earth's magnetifm mufi be in the 
northern hemifphere, becaufc it attra&ts the 
north pole of tl; medie. 

The 



64 On Magltctvm, GZ. 
The variation of the needle is very differeat 

at different places of the globe, afid even at tbc 
fame place at  different times ; in thefe parts it is 
at prefent wefierly, and is increafing every year ; 
the variation at London in 1580 was I I I 5‘ E. 
in 1657 it was oQ 0’;  at prefent, 1793, it is 
about W. and incrcafes nearly IO* each 
year, From the refult of feveral obfervations I 
bnd it to be 25O W. at this time, at Kendal. 

The  dip of the, needle too is very different at 
different places, and probably at rhe fame place 
at different times j but, for various reafons, the 
obfervations on this head’ are neither io nume- 
rous nor fo accurate as thofe of the variation, 
It Feemspat prefent to be about 7 2 O  at London, 
according to Mr. Cavalla ; and there is reafon to. 
fuppofe, it is not many degrees different in any 
part of England; for want of proper initruments 
I have not been able ta afcertain it at this piace. 

Betides 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 tho 
needle moves gradually wefitward till a or 3 
P. M. and then returns gradually ’to its former 
fiation; the mean daily variation in winter ig 
about f ,  and in fummcr about 13’4. He more- 
over obfervcd, that the needle was dilturbed 
when an AaJrora loruahs was in the atmofphere, 

I have 1 



On Magnetrm, Wc. 65 
I have myfelf made a'like h i e s  of obferva- 

tions for Come months, and find them in genera1 
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 ihall not detain the reader longer on 
the fubje& 

Addenda to  the 0bJervatioir.r on the Airor& 
Boreales. 

1792. 

OCTOBER 13.  At Kendul, A. M. frequent gleams. 
P. M. hazy ; from 4 till 8 rainy, a t  which time the clouds 
t Q  the South were remarkably red, and afforded fufEcient 
light t o  read with, though there wae no moon, nor light in 
the north. T h e  unufuaI appearance raifcd my curiofity, 
and I waited with impatience to  lee the clouds carried off 
t o  the SE. (for the wind was W. or NW. and pretty frefh). 
In the mean time, having by me a very good tbeo~~olitc, made 
by Dollond, I took it out to  make obfcrvations 011 the bear- 
ing, altitude, &c, of any remarkable appearance. 

From 9; to I O  P, M, there watl a large, Itirnindus, hori- 
zontal arch t o  the fouthwird, almoft exaAly like thofc we 
fee in the north ; and there was one or more faint, concen- 
tric arches northward,-It wa8 particularly noticed, that  
all the archee feemed exa&ly bife&ed by the plane of 
the magnetic meridian. At half pqtl IO o'clock, itreamerr 
appeared very low i n  the SE. running to  and fro from W- 
t o  E, they increafcd in number, aiid began t o  approach the 

H eenith, 
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zenith, apparently with an accelerated velocity ; .when, all 
on a fudden, the whole hrmifphcre was covered with them, 
and exhibited fuch an appearance a8 f t i rpdks all dt&ription. 
--?'he intenfity of the light, the prodigious number and 
volatility of the beams, the grand intermixture of all the 
prifmatic coloitr. i n  their utmofk fpkndor, variegating the 
glowing canopy with the moit luxuriant and enchanting 
{cenery, afforded an awful, but a t  the fame time, the mott 
pleafing and fublime fpeAacle i n  n a t ~ ~ r e .  Every body p z e d  
with altonilhmcnt; but tlic uncommon graiideur of the fcene 
only laltecl about one minute j the vattiety of colour~l difap. 
pcared, and the beams lo& their lateral mcition, and were 
converted, 3s uha l ,  into the flafliiirg radiation8 ; but even 
then i t  Furpaffed all other appearancce of the aurora, i n  that  
the whole ht~mifphcre wae covered with it. 

Notwitl!ltanding the fuddenncfs of the cffulgence at the 
breaking o i i t  of the ciurorn, tlterc was a rcrn;irkable regula- 
r i ty ohiervable in the manner.--Apparently R ball of fire ran 
along from E. to  W. and t h c  contrary, with a velocity fo great 
as to be hut Larcly diltinguiffiable from, one continned train, 
whiclr kindled u p  the feveral row0 of heame one after ano- 
ther ;  tbrfe row8 were iituate one before another with the 
ex;lCtelt order, io that tbe bales of each row formed a circle 
crofitig tlic magnetic meridian a t  right anj$e8; *arJd the fe- 
v e l d  circlcs rofe oiie above anotller in filch fort that  thofe 
ncar the zenith appeared more diitant from each other than 
thole towards the horizon, a certain iiidjcation that  the real 
diRarices of the rows were either nearly or exaEtly the fame. 
A n d  it was further obfcrvable, that  during the rapid lateral 
motion of tltc Learns, their direAion in every two neareit 
row8 was altcrnate, fo that whillt tlic motion in one row wac 
from E, to W. that  in t h e  next row wati front W. t a  E. 

T h e  point to which all the beam8 and flalhos of light, uni- 
formly tended, wae in the magnutic meridian, and, as near 
ae c ( d d  be determined, between 15 and 20' fouth of the 
zcnith.-The ntirurn continued, thoiigh diminilhing in fplen- 
dor, for lcveral houra. The re  were fcveral meteors (falling 

Bare) 
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t a rs )  feen at  the time ; they feemed brlaw the iiurora, an& 
unconneEted therewith.-it was ken  at KfSCLUick, Idee$, 
&c. with much the fame circumttances ; but h(1w far it ex- 
tended I have not learned. 

T h e  variation of the needle during the aurora, was not 
noticed. 

OEtaber 14. I did not notice the nurora myfclf this cven- 
ing ;  there was thunder and lightning, both herc and a t  
KeJwicL, at the titnc of the nrrrorn. 

T h e  uurora thiR night was nn 
oblong, luminous cloud, about 15 or zoo long, and 4 or so 
broad, bearing aliout SE. by 15. and IO or 29" above th; 
horizon ; its fouthern extremity was higlter tlwn i t a  nortlicrn, 
and it evidently lay i n  the rri& of a p e a t  circle from E. to 
W.-It dihppeat cd fcvcral timcs, and reappeaycd again al- 
molt inRantly ; and i;.vrral tinias waxcd and waned witliout 
vaniking ; no radiations fliot f iom it. 

The nurortj this cvcnirig ap- 
peared as an arch in the uorth-wcit quarter, fi.0111 wliicll 
procecded fevetal beams ; they convctgd t o  ii point 011 the 
magnetic mc+dian, about 18' bryond thc zcnith. 

A fcw IJeams were lccu to run 
t o  and fro &-om E. to  W. low, or nty tlie horizon: the 
moon Ihone blight a t  the time, and the clouds corning on 
foon after, tlic whole was obfchred. 

November 19. At 1Cendal. the particulars of thc obfer- 
vatian were miflitid ; at IMwick, tlie nurorn rofc to about 
18" above the horizon, and watt fituatc i n  the ufuul quiirter, 

December 7. At Kcfwick, a faint appcerance; about 

Oetober 18. A t  lbdal. 

OAober 23. At Kendal. 

O&ober 3 t .  At 1Cendal. 

5" high. 

'793. 
January I I. A t  ICendal, B imall arch in the horizon ; i t  

rofe to  5 or IO" altitude, and was bife&ed by die magnetic 
meridian. 

January 12. A t  ICendal, from G to 9 P. M. R horizontal, 
luminous arch, 200 altitude, and bifr&ed by the m;tpctic 

1c 2 inciidian.. 
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meridian. Aftcr 9, fine itreamers itruck out, and ran te 
and fro a while acroh the faid meridian, and then were con- 
verted into flalhes, as uiual; fomr rofe tip to the zenith. 
T h e  poiiit of convergency, and every otlicr particular, were, 
to all appcaraiiccs, the lame as have been dekribed before, 

T h e  needle waR confiderably agitated at  the time. 
January 13. At Krndal, very briglrt in  the northern ho- 

rizon, but clouded above,-The variation of the needle a t  G 
P. M. 2 5 O  W. ; at g P. M. zqo 34'; a t  IO P. M. 2 4 O  54'; 
i e x t  morning 25' 4'. 

February 8. At Kendal, bright iiorthward at  8; I?. M. 
at 10, the luminous arch \Jay 1 6 O  altitude.-The other cir- 
rumfkarlces relating to i t  follow, fiippofing the, variatioii of 
the needle a t  the noon of that day 25" W. 

H. M. the necdle. 
IO - P. M. z 5 O  0' W. thcarch rifing. 
IO I O  - 24 54 - l~r ight  Itreamcrs, low, with cloudtr. 
IO 30 - 24 42 - ftrenmers ri len;  Gne, weltward+. 
10 35 - 24 37 - a ftill light ; cloiidcd above. 
10 45 - 24 57 - bright, eaitward ; clouds above. 
10'55 - zg 7 - light equal, cafi and wefi. 
IY 

J I  13 - 2 4  57 - clouded, but bright ealtward. 

Variation of 

5 - 25 7 - bright, low ; clouded ahove. 

It was relatcd to the magnetic meridian as the former ones, 
February 1 2 ,  At ICcndal, the aurora appeared foon after 

6 P. M. flaming over two-thirds of the hemifphere. T h e  
beam8 all converged to a point in the magnetic meridian, 
about 15 or 20' to the fouth of the zenith, as was found 
from frequent trials.-The other particulars follow. 
H. M. Variation. 
5 -I?. M. 25' 5'W. 
6 35 - 24 49 - altitiide of the clear fpace fouth 35'. 
6 42 - 24 35 - alt.of do. zoo; itreamers bright, e&. 

itreamers bright and &ivc all over 

Hi 
the ihmii ia t rd  part. t 6 50-25 - - 

7 2-25 28 - 
7 5 -  25  - 

That is, relntivc to the magncuc meridian, here and clrewherfl 
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H. Ivl. Variatian. 
7 xo P. M. Z ~ ~ ~ O ' W .  difappemed in the wefi; aAire, call. 
7 15- 24 40 - 
q 20- 24 35 -L a&ive about the zenith; light faint, 
7 2 5 -  24 45 - light faint. 
7 3 5 -  24 45 - light faint. 
8 -- 24 45 - Rrong light northward. 

a largc, uniform, Rill light, cover- 
ing half the hemifphere, with 8 I O  - 24 45 - 

9 15- 24 43 - firearners NW. bright, eaR; clouds. 
g 2 0 -  24 43 - the uuroru burking out afrcfli. 
9 3 0  - 24 50 - as fine and large a difplay of itream- 

to -- 24 55 - 1 ere ae has appeared this evening. 
I O  15- 24 57 --I the light growing fainter and 
IO 35-  24 40 - fainter. 

N. 13. T h e  arch bounding the nurara to the fouth, was 
always at right angles to the magnetic meridian, whcn 
perfea. 

At Kefwick, the fame eveFing ; 7 P. M. itreamers from 
ENE. to WSW. and 2 8 O  pait the zenith; perpendicular 
beam bore N. 17' UT.-At gh z5m very fine; they con- 
verged t o  a-point 15' fouth of the zenith, bearing SSE.- 
Altitude of clear fpace 30'. T h e  perpendicular beam N. 
35" W. ;  extent on the horizon from ENE to WSW.- 
At xoh 30m they were fettled i n  tlic northern quartcr into 
an arch of 13" altitude, whence itreamers fliot up towardo 
the  zenith. 

February 15. T h e  nurora of thie evening was fecn both 
at Kendal and Kefwick, and, as far as the eye could judge, 
the appearances feem to have been the fame at  both placcs. 
-It was a luminous arch, the ccntrc of which bore SSE. ; 
and it was extended i n  the oppolite dirc&tiong of ENE. and 
WSW. : on the weft fide its extremity feemed to  touch the 
mountains at both places, a t  the altitude of 6 ' ;  and on thc 
eafi fide it extended about half way to the horizon. Tile 
&ern cnd wae rather ovalifawm, about 8 or xp0 broad, and 

wllcrr 

1 flafhes now and then. 8 35 - 24 47 - 

__I-_ __ I - 
8 -A.M,24 57 
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where it joined to  the rcR, was narrowvclt of all, being bot 
z or 3' h a d ,  and benriii$ SE. ; afier which its breiidth 
increafed towards thc well, being i n  fome places 6 or 8'. 
L T h e  ky was clrar, and there wa8 no appeamnce of an 
aurora in the north, except twaor  three Fmall firearncis at one 
time, 'quite i n  tlic horizon. T h e  eaRern end of the arch 
waxed and waned fieqiiently, and romctimtv entirely variifli- 
ed, and then reappeared again, in tlie fpacc oFa few fccontlo. 
About a quarter pafi 10 i t  grew faint ,  a d  fiirally difiippeared. 
It did riot fenlihly vary i n  pofition diiiirig i16 i!ppdriIllce? 
and j i i f t  before i t  variifhcd, its Iituation amongtt tlie flaw, as 
fcen from Kendal, was As follows :+ic foutli edge of rlie 
arch feemcd to touch prerty exaAly; the ltar Zucih CON;, 05 
ggrnma $coniJ, to pafa 4 or 5" above Procyon, thence thiougli 
the middle of the conficllation Orion, lraviiig his Iiriglit foot, 

From theCe obfcrviitiotru i t  refults, chat the greateit alti- 
tude of the dgc, at Kendal, miiI1 have I w n  about 53". 
Mr. CroJhwnife found tlie greatclt aliitiidc of thc h i d  e d p ,  
at Kefwick, t o  be 48". T h e  &fiance of tlic two places, as 
has been obkrved, is about z t  Englifli miles, and it fortu- 
nately happens, that they-lie very nearly i n  the dircEtiori of 
a plane a t  riglit anglee to thelarch ; hence, we have the re- 
(ltiifitc datu to determine the height of the arch, wliich, by 
tr;gonoiiietry, CtrnlCB imt 150 Eiiglilh milee. 

The parallaAic angle being fo iinall, an error of r or 2. 

in the altitudes, is of great confcqucrrce.-Mr. Ci*@'h.;onite 
thinks the etror in h i 6  bbfcrvations could not exceed 1'4, 
as the light was Itcady a t  the place where the dtilude was 
taken,-Admittiiig the errors amounted to  z o  a t  each place, 
which exceeds tlie bounds of probakility, .aqd tliat tbcy wcre 
contraity ; we hal l  tlreri liiid tlie height 83 miles in the one 
cafe, and 750 in  tlie otlier, which may, I think, be fafely 
coiiiidered as boiind;trics, betwixt which the true "height 
was; arid licnce it may bc inferred, tliat the arch would Le 
vifible to  all Grrot-Urituita and lreiond; that it is much to be 
wilhcd, lome pcrfoiie in morc diaant placco, ,may flaw made 

fimilar 

nbci, ot 30 to tilc rooUlil. 



Q b j r w t i o n s  on tho Aurorb Borcde.r, yx- 
fimilxr obfervations upon the uhcnomenon, . by which it4 
heiglit may be deterni i rd  with marc precifinn.-In tI*: 
mean time we ha11 coiiiider it ae 150 Englilh miles, 

March 5. T h e  aurora at Keiidal was feeti at R P. M. 2 it 
waR a bright t t i l l  light il while, but foon clouded.-Tlic 
needle wde not attended to, 

M,iich 6. At Kendal, a few fine Areaniers at g P. M. 
altitude IS",  dnd esteiii along the horizon 70° ; rxn&ly bi- 
fe&ed by the magnetic meridian. It foon dwindled ititn a 
faint light. A t  gh 35m bright& on the northern fide.- 
T L e  ueedle wae 25" a t  gh 4in..--24" 58' at gh r+m,-z40 
p' zt gh 3 ~ m , - 2 4 ~  5 s c  at  roh 30mY-29' 52;  a t  8 
the next morning, 

March 1 3 .  At Kendal the needle was at 811 Qom 24' 3 0 ,  
-at xoh 30m 25" 4',+aid at 8 next morning 25" 4'.- 
There \?me a LrightneCs northward at  IO P. M. but pretty 
much clouded ; this circumikance, with 'that of the ncedle, 
rendered i t  probable an aurora was. i n  the atmolphere.- 
I t  wat) confirmed by the following account. 

A t  ICefwick, the fame evening, at 811 r8m a horizontal 
arch, extent from NW. by W: to NNE:. with faint itream- 
ere ; the arch zoo, and Rrcainem 2 5 O  altitude ; the vertical 
Breamere bore NNW. At 10, iin arch from WSW. to 
ENE. its greatek altitude 30" : no Itrcarncra. 

March 30. A t  lCendal, at  8 1'. M. there appeared Come 
faint concentric arches of an aurora; it  wne not further no- 
ti,ced till, 
H. M. Varintion, 
8 35 I?. M. 25' 5'W. a grand horizontal arch, rltitndc 6'. 
8 40 - 25 25 - itreamers to 30° pait the zenith. 
8 48 - 2 s  5 - bright eattward. 
8 55-  25 5 - itreamers faint. 
9 -- 25 5 - deiife light north; rare above. 
9 5 - 25 io  -ditto 
c) IO- 24 5s  - bright weltward. 
9 '5 -  24 55 - a tine, perfea, horizontal arch. 
9 20 - 24 55 - altitude of its upper edge 30°. 

H. 
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H. M. Variation. 
9 30 P. M, 24'30' W. fireamere up to  the zenith, 
9 35- 24 35 - difperfed, and not fo high. 
g 45 - 24 $8 - faint light ; brightefi eaRward. 
9 52 - 24 45 - dull ,light. 

10 -- 24 42 - dull light ; haze below, 
I O  IO- 24 42 - haze r ikn ; light fainter. 
10 15 - -- - clouds rifen ; light almoR vanified. 
IO 3 0 -  24 4 5  - clouds more xifen. 
I I  15- 24 45 - feveral fmall clouds cover the liemifd 
' 8  -A.M,24 54 [phere. 

There were feveral fine, pcrfeEt, concentric archee north- 
ward, during mofi o f  the time.-At 8h 4Sm one fine arch, 
the altitude of ite under edge IO'. At 8h I s m  two perf& 
nrthes, altitude of the higher I Z O ,  with a fine edge. At 
gh feveral concentric arches, one with a fine edge, altitude 
1 1'. At gh 5m onc of the upper arches with a very hright 
edge, its altitude 13'; the bares of the itreamers compofitrg 
i t  of very denfe light, and rare above. A t  gh Iom its alti- 
tude 13 or 1qo.-At gh x5m the upper edge of the large 
horizontal light feerns now an well defined as that of a rain- 
bow, ita altitude 47', and that of the under edge 100. 

At gh 20131 altitude of upper edge 30°. 
T h e  arches were all at right angles KO the magnetic meri- 

dian, and the beams had their ufual convergency.-At one 
time feveral fmall itreamers formed a corona upon the mag- 
le t ic  meridian, the centre of which was determined by a 
good obfervation to be 72' from the fouth. 

T h e  fky was free from clouds till the laft. 
At Kefwick, the fame evening, a t  8h zom there were 

bright itreamere WNW.-At 8h 28m they had fpread from 
WSW. to ENE. ; altitude of the arch 1 4 O ;  vertical itream- 
ars bore NW. hy N. At 8h 35m itreamers 43* paft the ze- 
nith* : previous to thie there were at  one time three con- 

centric 

* By the obfervations at Ksndul, the m r w n  was 30° paft the zenith at 
Sh pm, and thr fbcks bine cgcttcd at both places, lo pu to be near 

the 
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centric arches northward, fet with bright itreamere, which 
had R very quick lateral motion; the under edge of the 
highelt was not more than 1 4 O  high. At gh 6m the alti- 
tude of the hid arch was 1 3 O . 2 ,  bearing NW. N. ; itream- 
ers kort ,  being only 5 O  higher than the under edge hori- 
zontal extent of the arch from W. by N. to ME. 

April 5.  At Kendal, a fmrill blulhing of light, exaAly in' 
the magnetic north, at g P. M. ; it foon faded awby. 

T h e  difturbance of the ncedle was imperceptible. 
April 9. T h e  uuroru was firR feen a t  Kendal, a t  gh gom 

P. M, being a lmall blufliing of light in the magnetic north. 
At rob the arch rifen to 6 or So of altitude, with fireamere 
from 3 or 4 to 10" altitude, and a mitt below; the refi of 
the flcy was extremely clear ; the light waa drnfe at  the 
under edge of the arch. At ioh z s m  bright and aaivc 
weltward ; the miR below.-Soon after, uncomnionly atlive 
itrcamcre, very low ; the light feen denie through the miR. 
At 1011 3 5 ~ 1  thr iniR varrifhed; the aurora rather larger, 
and duller. At I Ih  a larger arch, altitude ioo, with mifi 
below ; 110 fireamem, the light being fiill and uniform. ht 
1111 I O U ~  fircamere very akiive ; their progrefs feemed down, 
or northward. 

T h c  needle wa6 not fenfibly dittarbed all the while. 
At ICefwick, thc fame evening, il faint light at 9h 45m. 

-It was 7 O  high at  gh 54m, and the higheft part bore N. 
by W. + W. ; one minute after, briglit Rreamera from NE. 
to WNW. the greateit altitude of their bafc so+, tlic bear- 
ing of the fame NW. by N. $ N,-From this to  1011 30m, 
bright ftreatpere at intrrvala, low in the NW. quarter,- 
After Ioh 3om grown faint ; horizontal extent from WNW. 
to NE. by N. 

April I+ At Kcfwick, about midnight, o r  foon after, a 
ftill, horizontal light, altitude of the under edge 5", of the 
upper edge go+; bearing of the centre NW. & NO 

L GENERAL 

the true fdar time, it is prcfumed this obfcrvation would bc nlmoR cotcm- 
porary with that at Kcndd.-Now, fuppfing thib 10 be tlic c d q  the 
height of the aurora, or of the lower extremity of thc beams, w i l l  be follnd 
oqual to 62 Englilh miles. 
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I N  order to  determine the :bearings of th,e middle of 
highefi part of the arches of the aurora, 1 placed myfelf i n  
a fiation where I had a difiant ohjekt befoir me, in  the 
direlition of the magnetic meridian, and 1 always found the 
higheit part in the fame direAion as thiu ohjefi ;-a devia- 
tion of z or 3 O  would i n  niott cafes have been very fenfiblt. 
--Sometimee, to confirm the obfervation, equal altitudes of 
the archco were taken on each fide of the magnetic meridian, 
with thr theodolite, a i d  the horizontal t~nglc divided inta  
two equal parts, which pave the fame bearing of the centre 
an the other method.-It does not, however, a lwap happeh 
that the horizontal  arch, efpecially when high, i s  perfeA 
and complete. 

T h e  ifreamer8, or flaketl, which pointed up, or perpen- 
dicular to the horizon, were only thole in the m q p e t i s  me: 
ridian, as well fouth ae north of the zenith. 

The  altitude of the centre of the corona, when there wao 
ene formed, WRB taken with a quadrant and plummet, with 
as much exaAnefs ae the thing feeemed to admit of. 

With regard to  the needle of the theodolitc, which waR 
ufed t o  make the obfervations wkh, it is 3-i inches long, 
and feems to move very freely upon its centre ; I have dften 
tried the effeB of flittion, by drawing i t  from its !tation, 
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 fomctinies obferved it Jve  minuteb of a degree alterad 
in fuch a cafe. 

I havc never obferved any confiderable flu&uation of the 
needle in any evening but when there was an aurora vifble, 
exccpt once 1 thie wae on the 13th of February, 1793, t h t  
evening of which was very wet and fiormy j the needle va- 

ried 
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ried a8 foiiowe :--t~ic variation was 24' 57' at noon : 74' 
45' at 5;. P. M. ; 24O 3f at 5h 50m; 2 4 O  20' at 5?1 58 ; 
z + O  20' at 611; 24" 48' at 6h zom ; 2 4 O  45. at Ch 4 1 ; ~  ; 
24" 35: at 8h ; 24' 47' at 8h 30tn; 24' 49. at Ioh 30111; 
aq" 53' a t  8 A. M. tiext day. 

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

It fkoitld alfo be noticed, that whilCt making there ob- 
fcrvatiorin upon the d i h i  bdnce of the needle, duritig an 
guroru, I did not always know the avuulute variatioii at the 
time ; and therefore no infereocce fllould be made rclativc 
to the change in the abfolutc variation, i n  the interval from 
one auroru to another, from the oliervations I have givcn. 

BND OF THIS FIRS?' PART. 
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OBSERVATIONS AND ESSAYS; 

c===f 

P A R T  S E C O N D .  

ESSAYS. 

ESSAY FIR ST. 

On the AfmoSprStre ; it$, ConJitution, Figure, 
Height, WC. 

HE atmofphere is that invifible, elaftic fluid T which every where furrounds the earth, 
to a great height above its furface.-It was for. 
merly fippokd, that common air, or any portion 
of the atmofphere, when cleared of vapours and 
exhalations, was a pure, fimple, elementary fluid; 
but modern philofopby has demonhated the 
contrary, and it now appears that the pureft air 
we breathe at any time, confins of an intimate 

mjxture 
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mixture of various elafiic fluids, or guJkr, in 
different proportions. ‘I’hofe properties of the 
attnofphere, called its falubrity and infalubrity, 
depend principally upon the greater or lefs quan- 
ti ty of one of its conltituent principles, witaf or 
dephlogiJZicafcd air.-Whether the fuperior regi- 
ons of the atmofphere confifi in like manner of 
various elafiic fluids, or whether the fluids arc 
the fame or diflerent’from thefe below, cannot, 
from the nature of the cafe, be determined ex- 
per h e n  t ally. 

The figure of the exterior furface of the at- 
mofphere would, from the principles of gravita- 
tion, be fimiiar to that of the earth, or of an 
oblate fpheroid ; or, its height and quantity of 
matter about the equator, would be fomcthing 
greater than at the poles, to preferve an equili- 
libriuni every where, owing to the centrifugal 
force, which is greateft at the equator. Thc 
denfity of the atmofphere, fuppofing it of an 
uniform temperature, and alike conftituted every 
where, would decreafe in afcending, in a geo- 
metrical progrefion : thus, if the denfity at one 
mile high was I ,  and that at four niiles high 1 ; 
then that at fevcn tnilec high would be $, at ten 
miles high i, &c.-I fay tbefe circumfiances 
would be, were it not for the fun, or the p i n -  
ciple of heat which it feeins to produce; but by 
means of the unequal diffufion of this principle, 
the circumfiances are very materially different. 

The 
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The mean annual temperature of the air, at 

the earth’s furface, decreafes in going from the 
equator to the poles. Mr. Kirwan * ftates the 
mean annual heat at the equator at 8 4 O ,  and 
that at the pole at 310.  Moreover, the tempe- 
rature of the air over any. place, in clear, ferene 
weather, decreafes in afcending above the earth’s 
furface, nearly in an arithmetical progrefion, 
and at the rate of 10 for every hundred yards. 
Experience proves this, as’far as to the fummits 
of the highefi mountains, which is about 3 miles; 
and hence it may be inferred to be €0 above 
that height. 

The great heat in the torrid zone rarefies the 
air, by increafing its elafiicity ; confequently the 
equilibrium of the atmofphere is difiurbed. Thc 
rarefied air afcends into the higher regions, 
where, meeting with little retifiance, it muit 
flow nbrthward, and fouthward ; the preffure 
upon the northern and fouthern regions is thus 
inereafed, and a current mufi fet in below, to- 
wards the equator, to reftore the equi1ibriuin.- 
Hence, the higher temperature within the torrid 
zone, fwells the atmofphere there, and raifes it, 
or at leak the grofs parts of it, to a much greater 
height than elkwhere ; whilfi in the frigid zone 
it is contraaed by cold.-This is the eff& of 
the different temperatures at the earth’s furface : 
but the increafe of cold in afcending’ dearoys 

thu 
* Q2inaate qf tbe ttmprraturt of d$trmt Latitti&. 
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the law of decreare in denfity above mentioned, 
and greatly contra& the height of the atmof- 
phere, as deduced froni fuch law ; though this 
circumfiance has perhaps no effeQ upon the fi- 
gure of the atmofphere. 

Philofophers have attempted to find the height 
of the atmofphere by two methods ; namely, by 
the duration of twilight, and by experiments 
upon the defcent of the barometer on high 
mountains. The former determines the height 
about 45 miles, as follows :-the twilight difap- 
pears when the fun is i 8 O  below the horizon; 
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 p a h g  through the atmofphere, is 
redefied froin its external furface fo as to be a 
tangent to the earth's furface again, at 18@ dif- 
tance from the former place of conta&. This 
argument being admitted, affords data to find 
the height of the atmofphere, a proper allowance 
for refraaion being firit made. -Several objec- 
tions to this conclufion however may be ftated; 
amongit others, it may be faid, we do not know 
whether the light, which comes to us at the 
dawn or departure of day, has been once or 
twice refleaed; it may, and probably does, 
proceed from the zone of the earth illuminated 
by the! twilight itfelf; in this cafe, therefore, we 
can determine no more from the twilight, than 
tliat the height of the atmofphere, or of that 

region 
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region of it which is denfe enough to reflei% 
light, i s  n6t fo much as 45 miles. 

Barometrical experiments afford a mhch furer 
approximation to the height of the atmofphere, 
or rather perhaps of the more grofs and heavy 
parts of it. From thefe we are afl‘ured, that a 

Brarum of air reaching from the earth’s iiirface 
to the height of 4 Englith miles, at all times 
contains above one bay of the quantity of matter 
in the whole atmofphere ; and by extending the 
laws thence refulting, we infer, that a Jraium 
I 2 or I 3 miles high, contains 2,ths of the whole : 
or, if a barometer, itanding at 30 inches, was 
elcvated to that height, the mercury would fall 
29 inches. 

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

The 
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II 

86.85 
8 7.49 
88.54 
89.60 
90.G6 
91-12 
92.77 
93-82 
94.88 
95.93 
96.99 

On the AtmoSphere, Ffc. U l  
EXPLANATION. 

This table gives the number of 
feet in a column of the atmofphere, 
equivalent in weight to a like co- 
lumn of quickfilver Ath of an inch 
high, when the barometer fiands at 
30 inches, for every so of tempera- 
ture from 32 to 8o*.-For any other 
height of the barometer it, will be 
in the inverfe ratio of that height to 
3o.-Let A = the mean height 
of tlie two barometers, in inches; 
a = the difference of the two, in 

tenths of an inch ; b = the number of feet, per 
table, correfponding to the mean height of the 
two thermoincters ; x = the height of the 
mountain, in feet: then, we hall have this 
theorem, - = z, the height required. 3001 

A 

EXAMPLE. 

Suppofe the barometer at the bottom to bc 
29.72 inches, thermometer 6 4 O  ; the barometer 
at the top 27.46, thermometer 5 8 O ;  required 
the height of the mountain? 

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

M of 

* Prom the table it appears, that, in round numbers, every 
39 yards of elevation rrdoces the hcight of tlie mercury in 
the barometer of an irrch, near the earth's iiirfacz. 
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of an inch, or D = 22.6 ; the mean heat of the 
two thernipnietcrs = 61 O ; the proportional 
number may*bc found from the table = g t .98  
feet = b ;  hence, -- = 2 2 0 5  feet, 
the height required. 

30 x 22.6 x $2 98 
2H. jg 

From this theorem we can deduce another :- 
fuppoiiiig the elcvation of' the upper barometer 
given, and the heiglit of its merctirial column 
rcquired ; the other data as before.-Let H 
= the height of the barometer below, in inches ; 
b = the number of feet, per table, as before Jc ; 
p = the perpendicular elevation of thc upper 
barometer, in feet; y = the height of its mer- 
curial column, in inclies: then, we obtain this 

x H. theorem, y --- G O O ~  + p  
 GOO^ -p  

Hence we may calculate the height .of the 
mercurial column of the barometer at any given 
nioderate elevation, and by repc-ating tlw pro- 
cefs, for a larger alfo, fuficiently ac:curate for 
the purpofe of explaining the tht:ory of the va- 
riation of the barotneter ; though we cannot 
froin this fix the boundary of the almofphere 
with preciiion. l o  what height the very thin 
and rare medium 'in the higher regions rifeg, 
we cannot afcertain; but there is fufficient rea- 

fon 

* T h e  height of the thermometer below being given, the 
height of t h a t  hppored above may be elkiinated, by dcdufi- 
ing io for every hundred yaida of elevation. 
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fon to conclude, as will be fecn in a fubfquaic 
I X i y ,  that it extends to a inuch greater height 
than has couinionly been fuppofed. 

'llw following table contains the rcful t  oT a 
calculaciou from tile lalt nicntioned t l i t w r t m ,  of 
the height of t h e  mercurial colimn, at certain 
elevations, above [!le equator, and 1il;eu ilk o w  
the north of h'n,ylcmi, at ic l  the tiortli pole. 'the 
iiiean heat at the earth's i'urfacc, under the e-  
quator, is fuppored 84' ; tlic nieaii heat in tliefe 
parts, for the Ilottefi inontb of liiiiiiiicr, a t  Gg", 
and for the coldell. inonth of winter at 35' ; the 
menn annual tcmpcrature at t h e  north pole 
being fuppofed 3 IO, the iiiean temperature for 
the coldeft month of winter at that place ~uny 
perhaps be ftated at 3'. 

-_.-- 
In fummcr. 

,- 

30.00 30.00 
20.55 20.10 
13.6~ 12.96 
8.hG 7.98 

3.00 2.52 
1.58 1.24 

5.25 4.65 

Mz ESSAY 



ESSAY SECOND. 

On Winds. 

INDS have ever been confidered, with w rearon, as having a principal ihare in 
producing changes of weather, and therefore 
they demand a particular regard in meteorology. 

Mok people know that the winds are not 
every where To changeable as in thefe parts, 
In the torrid zone, the winds are much more 
uniform in direfition 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 c%lled, blow pretty uniformly from 
eait to weft, all the year round, with a fmall 
variation in the different feafons. 

The caufe of thcfe confiant winds, within the 
tropics, the ingenious and learned Dr. Halhy 
has endeavoured to explain, and his explication 
k e q s  to have been univerfally adopted by others 
fince its publication.-The chief phyfical prin- 
ciple he uks, is the undeniable and well known 
one, that the air is’rarefied by heat ; and, as the 
earth, i n ,  revolving from well to eait, expofes 
the torrid zone every day to the direQ rays of 

the 
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the fun, the earth, and confequently the air, is 
ther'e moR heated ; the mattiinunz of heat follows 
the fun, and therefore moves in a contrary di- 
reation, or from eafi to weit; the rarefaaion 
occafioned thereby difiurbs the equilibrium of 
the atmofphere fuccefively ; and he argues, that 
a current of air will conitantly follow the exr 
treme of heat, to reitore the equilibrium,-and 
thus he accounts for the trade winds. 

It appears to me, however, that this conclufion 
is premature, and %ot 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 difiances, and, abfira&ing 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 a& Gmply by increafing their 
elaiticity, a& upon thetn ill onc 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 condenfc the othcrer but it 
can never produce a rotary ,motion of the wboIt 
number of them round the ring, becaufe the ac- 
tion being mutual, the motion generated mufi 
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 ppon each other, agrecably eo New- 

ton's 
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jon's third Jaw of motion.-We have here fup- 
pored ;he heat applied to one part of the ring 
only, but it is plain the hmc. conclution will ob- 
tain if it be applied to feveral parts at  the fame 
time, or fuccei?jvely, or in any other manner; 
likewife if the addition of heat produce no mo- 
mentum, the abJraRion of it  will not. 

Now to apply this to the matter in queftion 2 

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 prefiure on each fide will be 
equal; and the aktion of the particles in the 
faid plane upon ' each other, will be in the fame 
.circumfiance as that of the particles upon the 
ring, with refpea to any horizontal motion tliar 
may be produced in the plane by the heat of the 
fun. It appears then, that ho rotary motion of 
the air round the earth can be produced by the 
afiion 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 fuccefive rarefaBion 
of the air from eafi to weft., cannot produce the 
ef€eCt in queition, nor imiiiediately contribute 
thereto. 

It will be aiked, if the trade winds are not 
produced by the Euccefive rareFa@ion of the 

parts 



pu t s  of the attnofphere within the torrid zone, 
what are they produced by?-'l'o this i t  inay be 
replied, that they admit of an explanation, upon 
mechanical principles without requiring any hy- 
pothetical rearming, or any other phy fical prin- 
ciple than that Dr. HalIey 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 c d e s  of all winds, both regular and irre- 
gular ; in cornpatifon with which all the reit arc 
trifling and infignificant. The trade winds in 
the torrid zone, and the variable winds every 
where elk, feeem to be the natural effeas of thefe 
two caulk, and might have been deduced from 
them a priori, if the fa& ha$ never \reen afcer- 
tained by the navigation of the torrid zone. 
Notwitbitanding, as we are in poffefion of many 
faas  relative to the winds, it may be proper firit 
to Rate them, and then to confider how they re- 
fuIt from the caufes above mentioned. 

Fa& relating to the Winds. 
x.  Over the Atlantic and Pacific oceans, as 

has been obferved, the trade-winds extend from 
30° of north to 309 of fouth latitude. 

2. When the fun is on the equator, the 
trade-winds, in failing northward, veer more 
and more from the eafi towards the north; io 
that about thcir limit they became nearly NE. : 

and 
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a d ,  vice'vetfa, in failing fuuthward, they be- 
come at laft almoIt 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, 
aice wefa, whce the fun is near the tropic of 
Capricorn. 

4. The trade-wind is not due eafi upon the 
equator, bbt about 4 O  to the north of it. 

5. The winds in the northern temperate zone, 
are variable, but the moll 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 fourhern alfo, the winds are 
more tempefiuous in winter than in fummer.. 

page 49. 

Now in order to perceive the reafon 6f thefe 
fa&, it muPr be remembered, that the heat is at 
all times greatefi in the torrid zone, and de- 
creafes in proceeding northward, or i'outhward,; 
alfo, that the poles may be confidered as the 
centres of cold at all times: hence it follows, 
that, abfkra&irrg' frdm accidental cifcumfiances, 
there muit: be a canfbnt afcent 6f air over the' 
torrid zone, as has beerr obferved, which after: 
wards fills northward- and fbutlnvard ; whilit the 

. coider aifbclow 'is determined by a~ continual 
impulfe Cowards the' equator. And, in genetal, 
wherever'tHe hear is greatelt, there the air will 

afcend, 
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dccnd, an4 a Cupply of colder air will be re. 
wived from the neighbouring parts.-’l’hefe 
thcn are tbe eEeEls of the inequality of heat. 

The cffe&s of the earth’s rotation are as fol- 
low : the air ovcr any part of the: earth’s furface, 
when apparently at rcfi or calm, will l~ave  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 hemifphere, re- 
ceive an itnpulfe in the direfition of the meridian, 
either northward or fouthward, its rota1 y velo- 
city will be greater in the former cafe, and lefs 
in the latter, than that of the air into which it 
moves ; confquently, if it move northward, it 
will have a greater velocity eaflward than the air, 
or furface of the earth over which it moves, and 
will therefore becon1e.a SW. wind, or a wind 
between the fouth and w e k  And, vice vet$a, 
if it move fouthward, it becomes a NE. wind. 
Likewife in the fouthern heinifplicre, it will ap- 
pear the winds upon fimilar €uppoGtions will be 
MW. and SE. refpe6kively”. 

The trade-winds therefore‘ may be explained 
6us : the two general maaes of air proceeding 

N from 

* M. De Luc is the only perfon, as far as I know, who 
baa fuggcfied the idea of the earth’s rotation altering the 
direAion of the wind, which idea we have here purlired 
more at large.-Vid. ‘ 6  Lcttres pbyfiques, &c.” f f o m .  5. 
Plus. 2. Let. cxlv. 



from both hemifpheres towards the equator, as 
they advance are conitantiy defleQed more and 
more towards the eatt, on account of the earth's 
rotation ; that from the northern heniifpht-re, 
ori@r;ally a north wind, ,is made to veer more 
and more towards the e&, and that from the 
fouthern henlifphere in like innnner is made to  
veer from the Iouth towards the eafi ; thefe two 
maff;.s mceting about rlie rqiiatgr, or in  the tor- 
rid zone, thrir velacities north and fouth dcltroy 
each otlier, and they proceed afterwwds with 
their coinnion velocity from eaLt to wefi round 
the torrid zone, exccpting the irregularities pro- 
duced by the coniincnts. Irrdred the equator is 
not  the centre or place of concourfe, but the 
northern parallel of 4"; becauli: the centre of 
heat is about that place, the fun bcing longer on 
the north fide of the eqtiator than on the fouth 
fide. Moreover, when the fun is near one of 
the tropics, the centre of h a t  upon the earth's 
furhce is then nearer that tropic than ufual, and 
therefore the winds about the tropic are more 
nearly ea& at that time, and thofc about thc 
other tropic more: nearly north and fouth. 

Were  the whole globe covered with water, or 
the variations of the earth's furface in heat re- 
gular and confiant, fo that the heat was the €ame 
every where over the fdme parallel of latitude, 
the winds would be regular alfo: as it is, how- 
ever, we find the irregularities of heat, arifing 

from 
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froin the interfperfion of k a  and land, are fuch, 
t h t  though all the parts of the atmdphere in 
fonie fort confpire to produce regular winds 
routid the torrid zone, y c t  the effeA of the 6tu-  
ation 'of land is i'ucb, that itrilritig irregularities 
are produccd : witnef's, the 111011foonS, fea and 
land breezes, Stc. which cat1 be accouiited for 
on no other principle than that of rarefattion ; 
becaufe the rotary vqlocity of JiEerent parallrls 
in- the torrid zone is nearly :dike.--For tliis rea., 
Con we have oinitted giving the faas, and their 
explanation, as having been done by others. 

From what has been faid it might be fuuppofed 
that the winds in the northcm temperate zone 
hou ld  be between the north and ealt bclow, 
and between t1i.e foutli and well above, alniofi 
as regularly as the trade-winds j but when we 
confider the change of feafons, tbe diffri eiit ca- 
pacities of land and water lor heat, the interfe- 
rence and oppofi'tion of thc two general cui rents, 
the one of which is verging towards a central 
point, and the othcr proceediug from it, we 
might conclude it next to irnl~offible that the 
winds in the temperate and frigid zones fliould 
exhibit any thing like regularity : notwithllnnd- 
ing tliis, obfcrvations fiifficiently evince, that the 
winds in this our zone are, for the niofi part, 
in the dire&ion of one of rhc geiieral currcnts; 
that is, fotnr where between the north and cafi, 
atr elk between the h u t h  and wcfr; and that 

N 2  winds 
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winds in other direQions happen only as acci- 
dental varieties, tliiefly in  unfettlcd weather. 

In winter, the heat decreafes more rapidly in 
leaving the equator, and proceeding northward, 
than at any other fcafon ; conltquently the cur- 
rents o f  air to and from the equator, in the 
northern hcmifphere, move with the great& ve- 
locity, and occafion the moil tempefious wea- 
ther, in that feafon : and, vice ve+, in fwnmcr. 

T h e  &e& of the earth's rotation to produce, 
or rather to accelerate t i e  relative velocity of 
winds, being as the difference betwixt the coq 
fines of any two latitudes, (or, to f p k  more 
firiRly, the effetl i s  as the fluxion of the co-tine 
of the latitude, the R&ion of the latitude being 
fuppofed confitant) it will be fni%ll within the 
torrid zone, and increafe in approaching the 
poles. The hourly rotary velocity of the equa. 
tor is about 1040 Engliih milee.; if we fuppofe 
i t  1000 miles it will be accurate enough for our 
purpofe, and then, from a table of natural fines, 
tbe rotary velocity of any parallel may be had at 
once ; the differences of there velocities, wi# 
ferve to gi've us fome idea of the comparativt 
effea of the earth's rotation at different parallels ; 
for which purpofe we have fubjointd a table, 
giving the rotary velocity of the parallels of I&- 
tirude for every IO degrees, together with th& 
digerences, agfecable to the above fuppofitioh. 

Degrcci 



From the table it appears, the cffeR'af the 
tartli's rotatipn, to accelerate the relative velocity 
of winds, is about ten times a8 great at the polm 
ab at the equator ;-by rklariwr prcpr'ociy, my rear 
ders wiil perceive I mCdn, all dong, the velocity 
of the, wind relative to the place of the carrhl's 
furface over which it blows ; bmcc, the relative 
velocity and direhtion of the mars of air From the 
cqaaror is at firfi altered very flowly, and afiera 
wards more rapidly, by the earth's rotation ; and, 
vice VB@, with refpea to that from the polcr, 

Had the trade-winds been produced by the 
daily rarefaoion of the air from saIt to we& 
alone, independent of the earth's rotation, they 
hould have extended to soo of north latitude 
when the fun is at the tropic of cancer, bema& 
the heat at that paralkl' i s  then as great as at 
300 of fouth latitude, which is quite contrary to 
mperience: Q U, &ICY DO@ t~ have ex. 

tended, 
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tended, in a greater or lefs degree, over the 
ocean, from the equator to the poles, and the 
fuinmers *have been more rempeituo'us than the 
winters, becaufe t!ie daily variation in heat is 
then greatcft ; neither of which we find confill- 
cnt wilh obfervation, 

The relative velocity of winds may be beit af- 
certained by finding the relative velocity of the 
clouds, which, in all probability, is nearly tile 
;fame a8 that of the winds ; the velocity of a cloud 
is equal to that of its fhadow upon the ground, 
which, in high winds, is fometiiiies a mile in a 
minute, or 60 miles an hour; and a briik gale 
will travel at the rate of 2 0  or 30 iiiiles an hour, 
-It may be imagined, that the relative velocity 
of winds ihould be continually upon the iqcreafe, , 
by reafon that their caufes are confiantly in. ac- 
tion, and not for a moment only; but the re. 
fillance which a current of air meets with from 
the atmofphere itfejf, and froni obje&s upon the 
earth's furface, muft be very confiderable ; the 
increafer or diminution of the relative velocity of 
a wind will therefore depend upon the propor- 
tion between the aQive cauks and the refifiancc. 

The ccconomy of winds, an illuitration of 
which we have been here attempting, is admi- 
rably adapted to the various purpofes of nature, 
and to the general intercourfe of mankind:- 
bad the fun revolved round the earth, and not 

the 
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the earth on its axis, tlie air over the torrid 
zone, and particularly about the equator, would 
have been in effca fiagnant; and in the other 
zones the winds would have had little variation 
eitlier in Rrengrh or dircAion; navigation, in 
this cak ,  would have been greatly impeded, and 
a miiimunication between the two hemifpheres, 
by Fea, rendrred impraaicable. On the prefent 
fylteiii of things, however, the irregularity of 
winds is of the happieff confequence, by being 
fubkrvirnc to navigation ; and a general cirdu- 
lation of air conRantly takes place between the 
eafiern and weflern hemifpheres, as well as be- 
tween the polar and equatorial regions ; by rea- 
€on of which, that diffufion and intermixture of 
the different aerial fluids, fo neceffary for the 
life, health, and profperity of the animal and ve- 
getable kingdoms, is accomplified :-fuch is the 
tranfcendent wifdom and providential care of the 
coinmon FATHER OF ALL! 

PROOF OF THE E ~ R T H ’ S  ROTATION. 

The trade-winds being matter of fa&, if the 
mechanical principles we have explained them 
upon be admitted, we may draw from hence a 
very fatisfaaory, and indeed conclufive argument 
for the earth’s rotation on its axis ; for, thc 
trade-winds bloding from eait to well, we mufi 
conclude, a p@eriori, that the earth revolves tho 
rontrary way, or from weft to eaR. 

ESSAY 



ESSAY THIRD. 

HE caufes of the variarion of the baromctpr T have never yet been difcovrrrd, fo as to 
admit of demonftration ; though feveral eniinent 
philofophers have given the public the refult of 
their reaioning and experience on the fubje&, 
We propofe to confider the principal of their 
allegations ; but in the firfi place it will be pro- 
per to lay down the chief fu8.s refpe&ing the 
variation, which are the refult of obiervation, 
and not of any hypothcfis. 

Fat?$ rerating to the Barometer. 

I .  The baronleter has very little variation 
within the tropics. 

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

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

The mean annual range* at Purir, in latitude 4 8 O  5d N. 
for 20 years, wae 14 inch ; the greatefi range, 01 differcncc 
between the highclt and loweR obfervationa, for the fame 
tern, was 2 inches. (Via. Martya'r A6r;dSrncnt oftbe Park 

* By annual ranget f man &e dilfinnae between &e hlghcll md lewd 

J- 

klbrr.tkns each year. 
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j f b n  Memoirs) .  A t  Kendd, in  latitiidc 54" 17' N. the mean 
range for 5 years wau 2 . 1 3  inches 5 the greatelt range waa 
2 65 inches. A c o m p a r i h  of the obfcrvations made a t  
London, Kendul, and K g w i c k  likewife corroborates the fame. 
-In Sweden, and Rr$u, the range is kill greater. 

3. in the temperate zone6 the range and fluc- 
tuation of the baroiiieter is always greater in 
winter than in fummer, 

See the obfervatioirs, particularly the tables, p. 16 and 17. 
4. The rife and fall of the barometer are not 

local, or confined to a frnall difiri& of country, 
but extend over a confiderablc part of the 
globe, a fpace of two or three thouhnd miles 
in circuit at l e a k  

Sce the general oliferration, page 16. 
In the French Philofophicd Tranfa&ions for 1709, there 

is a comparifop of obfcrvations upon d i e  barometer made a t  
Pori$ and GCIJW, for 3 yearn; the difance of the places ia 
at h a l t  350 miles ; nntwithfiandisg this, it wns found to rife 
and fall almoR univerfally on the Pdme day at both places, 
oniy the variation wan leftl a t  Grnoa than at Paris, bccauie 
it6 Lititude i s  lefs; no difference in time was perceived, 
whether the flu&ciations were hidden or gtaduiil, except id 
ohe infiance, when the rife was one day later at Genoa than 
at Pnrir. 

T h e  precife extent to which the fluttuations of the baro= 
meter reach, has not, that I know of, qvcr yet been afcer- 
tuined in any one infiance, for ,want of cotemporary obfer- 
rations made at  a great numlm of diRant plrces. 

Anierica than in Ewope, in the fidiae latitude. 
5. The barometrical range is greater in North 

. 
From the American Philofophical TranfaAions we find 

the  range is an great in  N e w  England as in this coontryp~ 
rhough it is loo iieartr the equatgr. Ah, a t  Williamfiurg, 

0 in, 
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io Y;rg;+u, latitude 3 7 9  20' N. the annual range ie above 
t iwh, which is the fnme as at Genoa, latitude ++O 25' N. 

6. In the temperate zones the nican Itate of 
the barometer in the fuininer months is ticarly 
equidiitant from the rxrrcmrs in  that fial'on ; 
but i n  wititer the mean is much nearer the 
higher extreme than the lower. 

Accord;ng to  the oblervatioiis at Kendo! (fee page 16") 
t!ic ineiri , h i g h  of the baro.netcr in  J u l y  is di!t;int from the 
h i g h  ex:re111e - 3 3  o f  ail inch, and from t h e  lowrr extreme 
-37  ; in Jaqtiary the meaii ie diltarit from the higher extiamt 
.79, and from the l o w c r , t . ~ y :  the ratio of the former dif- 
tances ia  as I I to 12, and of the latter as 8 to I Z ,  nearly., 

Profcffor MuJikenbroek, in his Elernents of 
Natural Pl~i lofoph~,  (tranflated by CoJ6r.z) pub- 
lified abnut 50 years ago, has endeavoured to 
account for .thore changes of weight in the at* 
niofphere ; he has adverted to all or molt of the 
caufes t!iat have ever been confidered as agents 
in producing the eE&s : he enumerates the fol- 
lowing caufts, namely j- Virfi, the oppofition of 
winds ; fecond, the north wind blowing, which 
cools and condenfes the air;  third, the winds 
blowing upward or  downward; fourth, an in- 
cteafe or  diminution of heat, which rarefies or 
condenfes the air, in confequence of which the 
air 's d i h n c e  from the earth's centre i s  increafed 
or diminifhed, and its weight, as well as cen- 
trifugal force, thereby affeaed ; fifth, the air 

being 
* t h e  mean for July, uneorrelted, i# 29.1-, and fbr January 244.66 

w q  muit be ufcd in this cafe, bccauG the cxtremea arc not coric&cd. 
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being loaded with, or clcared af vapours arid 
'exhaIat ions. 

ProfeKor DE Suu(J;we, of Geneun, thinks the 
caufes of the clianges of the barometer are  Iwat, 
ditfcrent winds, and utiqual  denlity of the con- 
tiguous /tr.nta of air i licnce the little variation 
wit,hin the tropics. I be principal caul;: is oppof in~  
winds. He does not deny that chytriical c'iia:igcs 
in the air tnay affdt the barometer ; hc how- 
ever fufpcQs that lbme irnl ino~i i  cauk has tlic 
greareit effrct * . - ~ e  fluli, now confider tlic 
cauliis above alleged feverally, 

? .  

The idea of oppofite winds having the prin- 
cipal flure: in producing the chaeges in the ba- 
rometer, bas eviciently been luggelled by the 
uniformity of the trade-winds, arid tb'e fi i~aI1 
variation of the barometer whcre they blow ; 
but it fliould be confidered, that the land-winds 
within the tropics do not always blow with thc 
general or trade-winds, axid that fometimcs they 
pre in  dire& oppafition ; alfo, the moiifoono, 
efpecially about their change, producc tycom- 
mcin conflikls of winds, aiid ternpcltuous wca- 
ther, not w i t 11 it and in g which ci r c u I 11 II a11 c es, t 1.1 e: 
barometer newt  lias tliofi: fluCtuatiuns tha t  are  
experienced in the other zones. If, thcrcforc, 

0 %  the 

* Thefe hie fentimentr arc takrn from the C r i / i d  Rcwkucu, 
for ~787.-Without bring poffdkd of l i a  WO&, 'M(.c cannot 
lbirmina hio aipumcnto particularly. 
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the idea of oppofitc winds, hiechanically accu- 
mulating or  difperfingi the air, be inconfiltent 
with the firit fact, it will certainly fail of ex- 
plaining the reft. Befides, it would not be dif- 
ficult to  prove, a primi, that the oppofition of 
winds, admitting the fa& at the time, could not 
produce thofe great and long continued accumu- 
lations of air which we often experience. 

'lhe fecond or that of a cold north 
'wind blowing, has doubtlefs an effeEt upon the 
'barometer, though perhaps not altogether in the 
manner that has been conceived.-We ihall con- 
fider this in another point of view by and by. 

'1 he third caufe, fuppofing it  to exilt at any 
time, can only be local and traniitory at moft ; 
but the rife or fall of the barometer is general, 
and of confiderable duration : it cannot, there- 
fore, produce the effett. 

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

With refpec5t to the fifth, it mufi be allowed, 
that water, when changed into vapour, confii- 
tutes a part of the a t t tdphere for the time, and 
weighs with it accordingly ;, alfo, that when va- 
pour is precipitated in form of rain, the atmof- 
phere lofcs thc weight of it : but it would Be too 
haity'to conclude from hence, that where cvapo. 
ration is going forward the barometer muit rife, 
and where rain is falling it mult  fall alfo ; becaufc 
air loaden with vapour is found to be fpecifically 
ligllter than without it. Evaporation, therefore, 

increafer 
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increaks the bulk and weight of the atmofphcrh 
at large, though it will not increafe the weight 
over any particulhr country, if it difplace an 
equal bulk of air fprcifically heavier than the 
vapour: and in like manner, rain at any place 
may not dimiiiilh the weight of the air there, 
becaufr the place ‘of the vapour may be occupied 
by a portion of air Cpecifically heavier. It fhould 
fern1 therefore, that when the air over any coun- 
t r y  is cleared of vapouis, &c. the barometer 
ought to be higher than dual, and not lower. 
-But we fliali now.proceed to fiate our own 
ideas on the fubjea, 

, It appears from the obfervations, (fee table, 
page 16) that the mean Rate of the baroinctcr 
is rather lower than higher in winter than in 
fummer, though a firaturn of air on the earth’o 
furfce glways weighs more in the former feafon 
than in the latter ; from which fa&s we muit 
unavoidably infer, that  the height of the atmof- 
pherc, or at ledit of the grofs parts of it, is kfo 
in winter than in fummer, conformable to the 
table, page 83. There are more reaions thaa 
one to conclude that the annual variation in the 
height of the atmofphere, over the temperate 
and frigid zones, is gradual, and depends in a 
great mcafure upon the mean temperature at. 
the earth’s Curface below; for, clouds are never 
obferved to be above 4 or 5 niiles high, on 
which account the clear air above can receive 

litde 
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little or no heat, bur from the €&jacent regions 
af the at tnof‘phere, which we know are influenced 
by the mean temperature at the earth’s. furface ; 
alfo, in this refpeB, the change of temperature 
in the upper parts of the atmkphere Inuit, in 
Come degree, be conformable to that of the eat th 
below, which we find by experience increaks 
and decreafes gradually each year, at any mode- 
rate depth, according to the temperature of the 
feafon. (See page 30.) 

* Now with refpea to the flu&uations of the 
barometer, which are fometimes very great in 
24 hours, and often from one extreme to the 
other in a week or i o  days, it mufi be concluded, 
either that the height of the atmofphere over 
any country varies according to the barometer, 
or otherwife that the height is little affektecl.’ 
therewith, and that the whole or greateft part 
of the variation is occaiioned by a change in the 
denfity of the lowrr regions of the air. It is 
very improbable that the height of the atmof- 
phere hould be fubjeA to fuch flu&uations, or 
that it fhould be regulated in any other manner 
than by the weekly or monthly mean tempera- 
tvre 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 bo if the 
atmofphere was as high and denfe above the 
fumrnits of the mountains in winter a6 it is in 
futnmer. Hewcver, the decifion of chia queitian 

need 
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reed not refi upon probability ; there are faat%, 
which fufficiently prove, that the Au&liation of 
denGty in the tower regions has the chief effe& 
upon the barometer, and that the higher regions 
are not {ubje& to proportionable mutations in 
denfity. In the memoirs of the Royal Academy 
at Paris, for 1709, there is a comparifon ofpb-: 
fervations upon the barometer at different places, 
and amongit others,‘ at Zurick, in Switzeriunde 
in latitude 4 7 O  N. and at Mm$eilles, in Fratzce, 
latitude 430 15’ N.; the former place is more 
than 400 yards above the level of the fea’; it 
was found that the annual range of the baro- 
meter was the fame at each place, namely, about 
IO lines ; whilit at Genoa, in latitude 44‘ as’ N b  

the annual range was 12 lines, or I inch; and 
at Paris, latitude 4 8 O  5o’N. i t  was about I inch 
4 lines, In the fame memoir it is related, that 
33. LaVal made obfervations, for IO days toge- 
ther, upon the rop of St .  Pilonl a mountain near 
Mufeilles, which was 960 yards high, and found 
that when the barometer varied a$ lines at Mar- 

feiiies, it varied but ia upon St. Pilon. Now 
had it been a law; that the. wliolc atmofphere 
rifes and falls with the barometer, the flu€tua- 
tions in any eievated barometer would be to 
thofe of another baromerer below it, nearly as 
the abfolute heights of the mercurial columns in 
each, which in thefc infiances were f a r  from. 
being fo. Hence then it may be inferred, that:> 
the fluamtiom of. .tbc barometer are occafioned J 

chiefly 
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chiefly by a variation in the denfity of the lower 
regions of the air, and not by an alternate ele- 
vation and deprefion of the whole fuptrincum- 
bent atmofphere. How we conceive *his' fluBu- 
ntion in the denfity of the air to be effdttrd, and 
in what manner the preceding general faAs re- 
lative to the variation of the barometer tnay be 
accounted for, is what we hall now attempt to 
explain. 

It has been obferved already that air charged 
with vapour, or Gapourized air, is fpecifically 
lighter than when withoui the vapour; or, in 
other words, the more vapour any given quan- 
t i ty of atmorpheric air has in it,  the Ids  is its 
fpecific gravity.-M. De Saufire 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 diEolved 
in air becomes an elattic fluid capable of fup. 
porting a, of an inch of mercury, while its den- 
fity to that of air, is as 3 to 4--Again, l)r. 
PrieJZley has found from frequent experiments 
(vitl. Experiments and Obfirvations relating to  sa- 
rious brariches ofnatural Philo&hy, Val. 6, page 
3'10) that digerent kinds of air, as for inttance, 
inflammable air, and dephlogiiticated air, thc 
fpecific gravities of which are as I to 1% nearly,. 
when mixed together, do not obferve the laws 
of hydrofiatkg ; for, the inflammable air, inltead 
of rifing to the top of the veOTel, diffufes itfelf 

cquolly " 
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equally and permanently through the dephlogif- 
ticared air, at the fainc time that bo clic 11ricill 

attraction takes place bctwixr thenl. The Doc- 
tor further obfcrvps, < <  that the phlogilticated 
c C  and dcphlogifiicated air, wliich conipofe the 
'c atiiiofphere, are of very  different natures, 
'( though without any known principlc of at- 
'( traQion betwren tlietn, axid alfo of different 
'' fpecific gravities ; and yct they are never  fed 
'( parated but b y  rhc chemical attra&ion of fub- 
'( ftanccs, which unite with the one and leave 
4 b  the otlier."--Moreovei., S i r  Btri ~?)iNin T'bontjn 
has found that  moif? air cotidu8ts lieat better 
than dry air. (Yid. Pliilofopliical 'TranfaQions, 
1756.) 

From the two firfi mcntioned difcoveries we 
may veiiture to infer, that if a cubic foot of dry 
air w r e  mixed with a cubic foot of nioiit air of 
the fa nit: t e i n  pe rat u re ? t 11 e coin po u iid wou I J ~ o c- 
cupy a f p c e  of two'cubic feet, and be of equal 
elaiticity with die Ginples, the two kinds of air 
being intimately diffufed tlirough each other. 
Hence .then a fliitluarion of die denfity of the 
air may happen thus : if a current of warn1 and 
vapourized air flow into a body of cold and 
dry air, it will difplace a part of the cold air, and 
ditfurt: itfelf miongtk the reit, by which means 
the weight of the Jtrntum will be diniinifhcd, 
whillt its bulk and ijiring remain the fame ; and 
wice zrerfu, if d r y  air flow into vapourired air. 

P The 
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T h e  firlt fa& may then be accounted for thus: 
-the warmer any air is, the more water it uill 
imbibe, in firnilar circumftances ; hence, the air 
over the torrid zone, being the hottefi, will 
contain the rnofi vapour ; and the air about the 
poles, being the coldelt, will contain the I t s a l l  * : 
moreover, as the heat within the torrid mne,  
and the height of the atmorphere there, remain 
pretty nearly the fame all the year round, and 
all the air approaching the !zone from the two 
temperate zones, is gradually allitnilated in  its 
paffage to that of the faid zone, it follows, that 
there can be little f l u h a t i o n  of denfity in the 
lower regions of the air, and of courfe little va- 
riation of the barometer in the torrid zone. 

T h e  fecond and third fa& are the neceffary 
refults of the principles we are arerting :-in 
winter, the fcafon when the barometrical range 
is obftrved to be greatcfi, the temperature of 
rhe air decreafes in proceeding from the torrid, 
through the temperate, to the frigid zones ; the  

decreafc 

* The reader will.plrafe to obfervr, that the terms mo$ 
air, and vopouriwd air, died in this and fome other efhye, 
denote air containing a grcat portion of vapour, though it 
may not perhaps br charaarrized aa hch by a hygrometer. 
-'rhus, a citbic foot of air a t  the equator, which thcrc ir 
indicated to be dry by a hygrometer,' will contain more vag 
pour than a ciihic foot of air here, at the freezing tempera. 
cure, which ie indicated t o  he more moif than the former 
by ttir hygrometer.-l'hc difference of temperature pro- 
duces this effen. 
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decreafe is at  firIt moderate, but grows more 
atrd inore ra+d as we advance ; in confequence 
of t h i s  decreafe, and the l a 6  by which i t  is 
regulated, every place in the temperate zone 
will, then more particylarly, be fituate betwixt 
the extremes of heat and cold, relative to its 
own temperature, and the higher thc latitude 
the nearer will be thnfe extremes to the place ; 
bcfides, that fealori being liable .to the highcfi 
winds, the air will readily be transferred from 
one parallel to another ; and as the air at all 
times will endeavour to maintain a proportion 
of vapour fuitable to its temperature, it follows, 
that the air i n  general in the higher latitudep 
will then both be cdd and dry. and in the lower 
htitudes both wmni and nu@, relatively fp'pcak, 
ing. The  confequence is obvious, that as a cur-  
rent from one or the other liand prevails, the 
barometer will rife or fall accordingly, and the 
rife or h l l  will be greater as the place is fitiiatc 
nearer to the extremes of temperature, brcaufe 
the air will in that cafe fufftr the leilit change 
in its pat%ge.---In fuintner, the heat all over 
the northern hemifphere is brou!:ht alrnofi to 
an equality at the d i f h e n t  parallels ; tllc wrhole 
n i J s  of air is Iieated, fwelled, and \rcpleniflird 
wit11 vapour ; the air over the nnrtllcrn re. 
gions is allnoit brought into the f ane  M e  as 
witliin the tropics, and the baromcter there- 
fore has almgIt as little variation, in that fcafon, 
Psre as tbera. 

P z  The 
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The fourth f&& offers nothing inconfiltenr with 
our theory : winds are the niediate cauk  of the 
variations of the barometer, and the currents of 
air to and from the torrid zone are not partial, 
but general, though fub jd t  to confiderable 1110- 

difications in direCtion ; belides, independent of 
wiiids, t h d e  properties of rhe air, heat and'nioi-  
ftore, will always be diffufing thenifelves i t 1  every 
dire&ion, where there is a deficiency of either ; 
from which circutnff ances, it kerns impofildc 
that the variations of the barometer Ihould' bc 
local, though the amount of each RuCtuation v, ill 
not be the fame at places confideiably dirtant, 
From the ufiial celeriry of rhe winds, the changes 
will happen upon the Gme day at p l a y  very 
diltant; but theory kerns to require, that the 
northern parallels (hould firfi cxpericnce the 
higher extremes, and thi fouthern parallels the 
lower, and the obfervations'upon the fourth fa& 
coantenance the infi-rence. I-io\vever, a feries 
of cotemporary obfcrvatiotis made at two places, 
differing confiderably in latitude, would afcertain 
the faLt ; and iF the places were one NE.  of 'tha 
other, they would be itill iaore eligible for thc 
purpofe, hccaufe the. two general curreilts of air 
flow in tliat dircQion, 

The climate of the eafiern caalt of Nortb 
Anierica is fo conltituted, that the clecreak of 
?lie mean teniperature in the winter feafon, in 
proceeding northward, is much more rapid than 

O n  
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a n  the wdtern coalt of this continent ; the con- 
frquence is, that aiiy particular place there ir 
liable to great and h d d e n  flutluatiorrs of tempe- 
rature in that feafon, and thefe produce propor- 
tionate tIii€tuations of the barometer, according 
as the warin and vapoury, or the cold and dry 
air predominate. 

The fixth fa& li,as not, that I know of, ever 
been accounted for, or even been adverted to, 
by thofe who have attempted to explain the 
caul'es of the  variation of the barometer; and 
yet it will admit of a IitisfaAory explanation 
upon the principles we have adopted. Indeed, 
at firit view, it frems iiiconfillent with thofc 
principles, becaufe we can produce no faAs t o  
p v e  why tlie air inay not dcviate from its 
tneaii fiate of h a t  and rnoilture as much to- 
wards one extreme as towards the other;  but, 
allowing what is molt probably the true Rate of 
the cafe, that  tlie dcviations on cacti fide arc 
ne;;rly equal, [till t l ic  ial t  of the barometer ad- 
mits o f f a  rational lolution.-Moilt air, as llaa 
been obferved, conJuAs heat m u ~ h  better than 
dry a i r ;  now when the lo&it extretne oj  the 
barometer happens, the air is moifi, high winds 
generally prevail, arid the atmofpl~rre is much 
ruffled by clouds and itorllls ; all tide circum- 
Itatices tend to diflufe and circulate the heat, by 
reafoti of which the law of decreafe of tempera- 
Cure in afcending, at fuch times, mufi be very 

materiall;v 
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materially different from what it is in ferenc 
weather; or, in other words, the decreafe of 
temperature in afcending mult be much flower 
than at other times ; we may venture to fuppofe, 
that, in fome cafes, the mean flare of dccreafe 
for a few miles of elevation will br: I O  for every 
r50 yards of afcent, infiead of J O for every I 00 
yards, which is the ufual rate ; the confrquencc 
of rbis niufi be a greater reduEtion of the baro- 
meter than otherwife would happen” For, let 
the weight of the atniofphcre at 3 miles of eleva- 
tion be fuppofed equal to 1 5  inches of mercury, 
the heat at the earth’s furface equal t o  450, and 
that it decreafeq in afcending after the uhal  ratt 
of i o  for every 100 yards; then, the mean heat 
of a colump OF air from the earth’s furface to 3 
piles above it, will be 1 8 O . 6 ,  whence the weight 
of the whole column from the earth’s hrfact: to 
t4e top of the atmofphere may be found by the 

theorem, page 82; or  H = 6- x y ( y  be; 
irg given in this cafe) z: 18.74 inches, the heighr 
of the mercurial colunin of thc barometer at die 
earth’s furface : but if we hppofe. the heat de, 
creaks in afcending after the rate of 1 0  for 1 5 0  

-yards, then the mean heat of the colutiin be- 
comes equal to 2 7 O . 4 ¶  and the hciglir of the 
barometer equal to 28.30 inches ; the difference 
is -44 of an inch, occafioned by this change in 
the temperature, which is greater by .06 ot’ an 
inch than the difference of the ranges above 

and 

6008 + p  
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and helow the mean for-January, at Kendal, as 
ftatcd'at page 98. 

, T h e  fuppofition made above, I prtfume will 
not be deeincd extravagant, namely, that the 
mean heat of a colunin of air 3 miles high will 
not differ more from that at the earth's furface 
than 17*, hn certain occafions: when we ton- 
fider the ftrong SW. winds during a thaw, 
(when the lowefi extreme ufually happens) and 
t lp t  the thermometer often rifes to 450 at the 
fame titile that the frofi is in the earth, and the 
ground not cleared of how,  we mutt cor)clude, 
that the then increafing hear comes from the air 
above, and nor from the earth, and canfequently 
that the temperature of the air is great& at o 
confiderable elevation, and decreafes from thence 
downward as well as upward; which circum- 
fiance alone will greatly add to what the mean 
temperature of the column would otherwil'e be. 
-This irregularity and inverfion of the law of 
heat in the attnofphere, by which the lowelt ex. 
treme of the barometer is removed farther from 
the mean Itate than the higheft, can bnly happen 
in winter, by means of a fudden influk of warm 
air into cold ; but in fiimmcr the heat of the air, 
being chiefly derived from the earth's furface, 
will be more equably diffufed upwards, and 
prevent fuch a difproportion in the diftances of 
the extremes from the mean, agreeably to ob- 
fervation," 

Having 



, x I k Q n  the Variation of the Baramctem 
Having now endeavoureJ to explain the p r i p  

eipal fa& relative to the variation of the baro- 
meter, we hall next advert to h m e  other pare 
ticulars on the fubje&, which teiid to illultrare 
and confirm the doBrine we have advanced. 

The barometer genrrally rifes with a wind be- 
twixt the north and the eafE ; i t  ril'es veIy higb 
during a long and uninterrupted froft ; it was 
higliefi for the lafi 5 years in  January 17tlg; 
thc mean temperature at Kencia/, for 4 wrrks 
preceding, was 28", which was lower than for 
any other G d a r  interval in the 5 years ; there 
was only 1.643 inches of rain and h o w  for 7 
weeks before; there were clear proofs of the 
prevalence both of cold and dry air. 

Thk barometer is often low in winter, when a 
ftrong and warm S. or SW. wind blows; the 
aiinusl extremes for thefc: 5 years h a w  aluays 
been in January; the lowefk was in January, 
1789, about 2 weeks after the above mentioned 
high extreme ; it was accompanied with a Itrong 
S. or SW. wind, and heavy rain ; tbr tcnipera- 
tu te  of the air at the time was not high, being 
about 37*, but the reafon was no doubt becaufe 
one half of the ground was covered with how ; 
it was therefore probably warmer ahove.-N\'ow 
the reafon why the low extreme fliould have at 
that time, as well as at many others, footi fuc-' 
uecded the high extreme, kerns explicable as 

follows : 
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follows: the extreme and long continued cold 
preceding, niufk have reduced the grofs part of  
tlic atniofphere unufually low, and condenfpl 
an extraordinary quantity of dry air into thk 
lower regions ; this air was fucceeded' by 'a warm 
and vapoury current coining from the torrid 
zon e, before the hi g lie r reg i on s , t 11 e m ut at i on s 
of which in temperature and dcnGty are flow, 
had time to acquire the heat, quantity of matter, 
and elevation confequent to ruth a change below ; 
thek  two circurnfiances meeting, namely, a low 
atmofphere, and the greatefl part of it conitituted 
of light, vapoury air, occafinned the .prefl'ure 
upon the earth's furface to be To inuch reduced. 
Hence then, i t  fliould ftem, we ought never to 
expet? an extraordinary fall OF the barometer, 
unlds when an extraordinary rife lias preceded, 
o r  ac lcafl a long and fcvere froit ; this, I think, 
i s  a fair induttion froin the foregoing principles; 
how far it is corroborated by palt ol-)fervations, 
bdides thofe jult mentioned, 1 have not been 
able to learn. 

It is obfervable that the high extreme fane 
yearshappens in OBober or March, but gencrally 
in one of the intermediate. months ; the low ex- 
treme is rnofily in December or January. Frgm 
the obfervatibns at Paris for 20 years, from I Ggg 
to 17  18 ,  inclufive, if we take . I  I of the lowelt 
that were made, I O  of them were in December 
and January, and the eleventh in November+ 

The Q 
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The month of January, '791 ,  will be long 

ren~enibered, on account of the loffes at fea, and 
damage at land, by the extraordinary 'high wifids, 
which prevailed alinofk incefl'antly throughout 
the month, froin the SW.-See page 49 Now 
a ftrong 'and warm SW. wind blowing continu- 
ally in that feafon, when the atoiofphere was low, 
ought to have reduced the,tncan itate of the ba- 
rometer unufually low ; the fa& therefore may 
be produced, as an experiqentuln cru& of the! 
theory ; accordingly, we find from the obferva- 
tions, that the mean Rate of the barometer for 
that month was lower by .14 of an inch, in the 
north of England, and probitbly lower every 
where on the weftern coat? of Europe, than for 
m y  other month in the lafi 5 years. 

It does not appear from the barometrical ob- 
fervations in the f i r f i  part of this book, that cold 
alone, independent of every other circumitance, 
has a tendency to increafe the mean weight of 
the atmofphere over any place; for, if it had, 
the mean fiate of the barometer would be higher 
in winter than in fummer, contrary to cxperi- 
ence ; if, therefore, the mean itate of the baro- 
meter be lower in the torrid than frigid zones, 
it is mofi probably effe€ked,by the vapoury air. 

ESSAY. 



ESSAY FOURTH. , 

811 the relatiom between Heat am? other Bo&ef. 

E have nothing new to oft'rr on this fub- 
but as fonw Irnowledge. of the 

inar'ter is rcquifite in order to undcrltand foinc 
of the phrnoinena of meteorology, wc p u r p l e  
to Kive a brief'exptanation of ruth fafis as lnay 
bt adverted to in the courk of this work. 

Different bodies that are equal in trragni;rude, 
and of the Taiiir 'teniprrature, do not contain 
equal quantities of fire ; ncitlier do difrerent bo- 
dies, that are equal in  weght and temperature, 
contain equal quantities ot fire.-For cxmjile, 
if a cubic inch of iron be heated to IOO', and 
then thrown into a given quantity of water ac 
soo, the teniperature of the water will  be aug- 
mented ; but i f  inf i tad of iron, lend be ufed, the 
tetnperature will not be To much augmented ; 
on the contrary, if  the iron and lead were colder 
than the water, the iron would diminith its tern- 
perature molt, IF equal w i g h t s  of iron and I (  ad 
were ured, the reftilts would be fornewhat diili.- 
rent, but (till the temperature of the wattr would 
be inore augmented or diminiflied by the iron 
than by the lead. When equal wei<yhrs are ufed 
in experiments of this fort, that body which aug- 
ments or diminifhes the tealpcrature t h G  qoft, is 
faid to have the greater capacity far heat; be- 

4 2  cauth 
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caufc a greater clumtity of tieat is required to be 
added to, or f'ubtraeed lrom it, in order to vary 
its temperature equally with the other. 

T h e  fame body, under the different forms OF 
folid, fluid, and aeriform, has different capacities 
for heat; in the lolid form its capacity is leafi, 
and greateik8in its aeriform ftate ; alfo, whcn any 
folid body is converted into a non.elaRic fluid, 
or  any non-elafiic fluid into an elafiic fluid, by 
heat, i t  abforbs a portion of heat during its con- ' 

verfion, which does not increale its temperature; 
and when the change takes pi:& the contrary 
way, by cold, it parts with an equal portion' of 
heat, without having its temperature diminiihed, 
-To inItance in ice, water, and aqtieow vapoui-: 
if a pound of ice were taken of the temperature 
of 20°, and a quantity of heat added to it, To ari 
to augment its temperature to 25' ; an ecqnal 
quantity of heat would. augment the temperature 
of a pound of water Ids than so, and of aqueous 
vapour flill l e k (  'Again, if a pound of ice of 
32', and a pound of water of 172' were mixed 
together, the temperature of the mixture would 
be 32", becaufe the ice requires 140' of heat to 
melt it ; that is, it requires as much heat ro melt 
it as would increak the temperature of a pound 
of' water I 40' ; whereas, if a pound of water of 
32'  were mixed with a pound of water of 1729, 

the tenlperature of the mixture would be the 
niean betwixt the two, or 102'. Alloy' A has 
been 'found, that aqueous vapout, when con- 

denfed 
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denkd into water of the fame temperature, giver 
out 943" of heat. 

The capacities of earth, Jones, and find, for 
heat, are much Jefs than that of water. This  i s  
one caul'e why the vicifitudes of temperature 
are greater at land than at rea*. 

Another particular rcldtive to heat is, that 
foine bodies conduQ i t  better than others; in 
this refpea there is a hiking refemblance be- 
tween the eleQric fluid and fire; for, ttiofe bo.. 
dies which condufi the eleAric fluid well, ap 
metals, water, &c. alfo conduQs hear well.- 
Glfij, jq l ing-wux,  and other elr&rics, condua 
heat very flowly ; alfo dry land, whether the fur- 
lace be Itony, f m d y ,  or earthy, is found by ex- 
perience to coiiduA heat flowly. 

Sir B. Tbo?,ll;n bas by a feries of experiment8 
(fee Philofophical 'I'ranfaAions, I 7 86) found ?he 
power; of a few bodies to conduQ heat to be 
proprrionate to the following numbers, namely: 

. 

Mercury - - - - - - - - zoo0 
MoiRair . . - - - .. - . 3 3 0  

3'3  Water - - - - - - - - 
Common air, deirfity I" - - - - 80.11 
Rarefied air, denfity $ - - - 80.23 
Rarefied air, drntity & - - - - 78 
Turricelliaa vacuum - - - - - 55 

EsSAY 

* Thofe who wilh to fee the hhjeA touched upon above, 
difcuIFed at large, may p e d e  Dr. Cradufird's ,Exprrimcnts 
and O&-vationr on &aimid &car and $be &?ammation $cam. 
irrJlrblc Bodilz. 



E S S A Y  FIFTH. 

On the Temperature of dflcrent Climates and 
Seajns. 

R. Kirwan has treated of this fubjett in M fo able a manner, that we can do littlc 
more than extraQ from his work". ' 

That the fun is the primary caufe of heat all 
over the earth, is almofi too apparent ever to 
have admitted of doubt ; though fotne philofo- 
phers have imagined a central beat or body of, 
fire in the earth, which, by its emanations, mi- 
tigates the feverity of the winters i n  the higher 
latitudes : the opinion is, however, difproved 
by fa&, which hew, that the temperature of 
places 30, 40, or 50 feet below the earth's fur- 
face, remains nearly the fame ail the year round 
as the mean annual temperature at the furface, 
and that at a Ids depth the temperaturk varies, 
in a fmall degree, with the feafon. 'I'he fa& 
fe'eemscrto be, that in winter the earth gives out 
to the atmdphere a portion of heat received in 
fummer. 

The earth's furface is the chief medium by 
which the fun heats the atmofphere; for it is 

obfervablc 
* EJimdc of the Tnnpcraturc qf di#hwtt Latitudcr. 
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mbkrvable that clear air is not heated in any 
fenfible degree by the alEtion of the fun's rays. 
The dire& rays of the fun falling upon Jpny or 

Jh~dy ground, are found to increafe its tempera- 
ture amazingly, partly on account of its fmall. 
capacity for lieat ; whilit the temperature of wa. 
ter i s  thereby increafed very little, from its great 
capacity for heat, the refleaion from its furface, 
2nd evaporation. Water being a much better 
c o n d u b r  of heat than land, preferves a greater 
uniformity of temperature ; whilfi land is mors 
EubjeR to the vicifitudes of heat and cold. 

Living vegetables alter their temperature very 
ilowly ; the evaporation from their furfaces is 
much greater than from the fame fpactb of 
land uncovered with vegetables : fort$s pre- 
vent the fun's rays froni reaching ; hence, 
wooded countries are colder than thofe open 
and cultivated. ~ 

Evaporation and the condtqifation 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 
vafi portion of heat. is thereby abforbed, and. 
rendered infenfible, till being carried nprthward 
or fouthward, the vapour is condenfed, and givec 
out its heat again, which being diffufed in the 
atmofphere, augment8 ita temp'erature very con- 
fiderabl y. 

Mr, 
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Mr. Kirwun, confidering thefe and other cir- 

curnfiances, judges it mort eligible, in comparing 
the temperature of different places, to fix upon a- 
fituation that may ferve as a flandard of cotnpa- 
rilbn, and he judicioufly prefers the fea to the 
land, as being more free from accidental vari- 
ations. By combining theory with obfervation, 
he obtains the mean annual heat of the equator 
equal to 84", and that of the pole 3 I O  ; and then 
gives the following theorem for the mean annual 
temperature of the fiandard fituation in every 
latitude ; namely, if S = the natural fine of any 
latitude to radius I ; then, 84 - 53 x S" = the 
mean annual temperature of that latitude, 

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

lrable ofthe mean annual temperature oftbeJtandard 
&ation, for every 5 degrees of latirude, 

It a'fterwards becomes neceffary to confider 
the modifications of the fiandard temperature 
on land, from fituation, &c. 

I. Elevation diminiihes the mean temperature 
of places. Its effeRs Mr. Kirwan ftates as fot 

lows : 
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lows: if the elevation be moderate, or ,at the 
rate of 6 feet per mile from the nearelt fea; 
then, for every 200 feet of elevation, allow + of 
a degree for the diminution of the mean annual 
rem pe rat u re. 

If the elevation be 7 feet per mile, allow of a degree. 
13 feet ?% 
15 fret, or upwardo -t- 

N. B. T h e  elevation of any inland place may he found 
fufficieiitly exaA for this purpofe, by obrerving how much 
the mean annual height of the barometer falls lhort of 30 
inches, and allowing for the difference, according to the 
theorem in  page 8 1  ; becaufe the mean annual hcight of the 
barometer, on a level with the rea, is nearly 3 0  incheo every 
where. 

2. Next to elevation, difiance from the Prand- 
ard ocean feems to have t4e moil confiderable 
effrQ upon the mean annual teniperature; its 
amount Mr. Kirwan Rates, from a comparifon 
of obfervations, as follows: namely, the mean 
annual temperature is depreffed or raifed, for 
every 50 miles difiance, nearly at the following 
xate : 

From lat. 70' to lot- 35' cooled + of a degree. 
35 t o  30 - 4 
30 to 25 warmcdj 
2s to 2 0  -' P 

20 to IO -IO.  

@ 

R ' ThiD 
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This effeA of dirtance from the ttandard 6- 
cean Mr. Kirwan kerns to attribute to the un- 
equal capacities of land and water for heat ; but, 
with deference to  the opinion of Fo refpebble  a 
philofophcr, 1 think this alone inadequate to the 
effc.&. For, if larid in general receive mote heat 
immediately froill the fun i n  a year than water, 
the mran telnpcraturc of thr: internal parts of 
the continent ought to lie the grcatcfi from the 
equator to the pole. And if larid receive hfs 
heat, then, for ought that appears, the mean 
temperature of the internal parts of the conti- 
nent might be expetled the lealt in every lati. 
tude ; but in neither cafe, I think, could we 
conclude a priori, from t h e  inere difference of 
capacity, that the mean lieat of the internal parts 
of the continent would be greater near the equa- 
tor, and lefs more northward, than the mean 
heat upon 'the coalt.-'To account for the 
in queltion; we hall  therefore propofe the fol- 
lowing theory. 

Let it be firit fuppofed that water receitts a' 
greater quantity of heat, from the fiin's rays, 
than land in general, under every parallel of la- 
t i tude";  in the next place, it will be allowed, 
that a much greater quantity of waker is evapoc 

rated 

* It is generally allowed, I &ink, that land refle&ta more 
light than water, and confequently imbibes leis; and the 
quantity of heat received will doubtlth be proportionate to 
the ray8 imbibed. 
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rated from the fea, in tllc torrid zone, than from 
an equal area Of land in the fame Zone ; 'hellcc 
it  will follow, that the quantity of heat abforbcd 
by the vapour may, for ought we know, be i'o 
great as to reduce the inean temperature of the 
fea there below that of the land: in l'uch cafe it 
is evident, the furtlirr anyaplace is diltant from 
the fea, the greater mull its mean temperature 
be, all ofher circuni(tances bring the fimc, A- 
gain, tlie farther we proceed northward, tlie lefs 
is the quantity of water annually evaporated 
from a given furfrtce of the ka; lience thrrc, 
may be a parallel of latitude where the heat ab- 
forbed 6 y  the greater evaporation of the rea, .is 
equal to the heat which the f a  receives more 
than the land ; in this cafe therefore, the mean 
temperature of the land and k a  will be e w r y  
where the fimc in the him parallel. Fariher 
than this, the mean' teiiipcrature of tlie fca will 
become greater than that of the land, and the 
more Co as the latitude. imreafes. I t  apptars 
then, that the difference of the capacitv of land 
ani1 watet for heat, requires to be joined to the 
fuppoficion that water receives more ablidure 
heat than land from the fun's rays. before we 
can produce, n priori, a refult fmi la r  to what iu  
flated above as deduced €rom obfervatiou, 
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is not altogether compatible either with theory 
or'obfervation,-and at the fame time draw a 
conclulion of much importance to-the fubjeQ we 
are now difcufiing. 

* It is obfervable, that in the northern tempe- 
rate zone, the internal parts of the eaitern con- 
tinent are generally hotter, in fuminer, than on 
the coaft under the fame parallel, except eleva- 
tion of fome peculiarity of foil or' fituation dirni- 
niIh the temperature; but the cold of winter is 
€0 much more Cevere, that the mean temperature 
is greatly reduced below the ftandard -Now in 
'winter, when the inlluence of the fun is fo weak, 
it lhould feem that the condenhtion of vapour 
alone affords the northern atmofphere a very 
large portion of the fenfible heat i t  has in that 
€earon. And it appears in the former effay on 
winds, that the general current of air from the 
equator is SW. when ii arrives in the northern 
temperate zone ; this durrent coming from the 
lea to the wefiern coait of each continent, will 
there meet with cold air, which condenfes its 
vapour as it proceeds, affording plenteous rain 
and heat to the weftem coaits: as the current 
proceeds into the internal parts of the cpntinents 
it lofes its vapour and heat, till at length the 
precipitation becomes much lefs in quantity, and 
in form of h o w  ; the current then continues its 
progrefs, and grows colder and colder till it ar- 
rives at the eaitern coait, unlers the influx of fea 

breezes 
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breezes mitigate the temperature near the coafi. 
Hence then it may be inferred, that in rhe tern. 
pcrate zones, tbe weJtern CwJs of all continent8 

/arffe $muis,  will have 10: higher mean tenpe- 
rature thun the ellJcro coa& under the fame pa, 
raltel, and particularly will have more moderate 
wiriters. 

It reniains now to thew how far this inference 
is cwiiteiianced by 0bfervation.-We are cer- 
tain that t he  ealtern coafi of A'a is niuch colder 
than the weltern coalk of Europe; on the eafiern 
coafk of Km/ihntkcr, in latitude 55" N. Capt. 
Cook found fiiow 6 or 8 feet deep, in May, and 
the thermo&eter was nioltly 32' ; and in Janu- 
ary the cold i s  h e t i m e s  - ~ 8 " ,  and generally 
-8'. k i t  Pekin, in China, latitude 39: 54' N. 
longitude I 16" 29' E. the mean temperature i s  
only 5 5 O . 5 ,  the Aclantic under this parallel being 
62'; %the d u a l  range of the theirnometer each 
year is from 5' to 98', not unlike what it is at 
Phi/adelphin, which is under thc fame parallel. 
-,.Again, we are certain that the eafiern coalt of 
North America is i o  of I L' colder than the op. 
pofite weitern coaft of Europe; and hence it 
may be prefuurned, that the wefiern coaft: of 
North America, or that of California, is warmer 
than the eaftern. The NE. parts of Siberia on 
the one conrinent, and the country about Hd. 

fin's .Bay on the NE. fide of the other continent, 
feeem equally fubje& to the moil rigorous cold 

in 
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in winter.-But to proceed to the other mo- 

\ Mean' 
Longitude. nnnual 

Feat. ---- 
Wadfo, in Lapland - - 709 5 3(jU 
A h  - - 60 27 2z018'E. 40 
Peterburgh - - - 59 56 30 24 E. 38 8 
Upfal - - - - $9 5 1  1 7  47 E. 41.88 
Stockholm - - 59 20 18 E. 42.39 
Solylkamlki . - - 59 54 E. 36.2 
Edinburgh - 55 57 3 w 47.7 

ICefwick" . - . 54 33 3 3 w 46 
- 

.- - 

difications of the Randard temperature, 

3. As for the effeth of mountains, forefts, 
leas, &c. upon the mean annual temperature of 
places, Mr. Kirwan obferves, that all countries 
lying to the whdward of high mountains, and 
extenfive forefis, are warmer than thok 'lying to 
the leeward, in the fame latitude. Countries 
that lie fouthward of any fca are wariier than 
thofe that have that fea to the fouth of them. 
Iflands participate moil of the temperature of 
the fea, and are therefore not fubjeQ to the ex- 
tremes of heat and cold fo much as continents. 

We hall here introduce a table * containing 
t h i  mean annual temperature of feveral pldccs, 
as determined by obfervation, from the '6 kfii- 
mate, &c." page 1 1 3 .  



Frarieker - 
Berlin 
Lyndon, in Rutland 
Leyden - - - 
London - 
Duiikirk - - - - 
Mdriheirn - - -  
R t iue II - -  
R.itifbon - 
P,tr is  
Troyes, in Champaigne - 
Vitniir - - 
Dijm - - - - 
Poitirree - 
Laiifaiine - 
P A i a  - - - - 
Rhodes, in Guienne - - 
Bordeaux - - -  
Moutpclier , 
Marfeillea - 

NantCa - - * 

Ceml>ridge, in New England 4.2 25 
Philadelphfa - - - 39 56 

13 3 1  E. 4.9 
o 3 W.48.o 

2 7 E* 549 

I W * , S l  
I2 5 b. 49.3 
2 25 E. ' 5 2  
4 10 E. '53.1 

1 z8 I:. 55.5 

9 2 E. 51.5 

16 2 2  E. 51.5 
4 57 E. 52.8 

o 3 0  E. 53.8 
6 50 E. 48.8 
12 E. F2.2 
2 3 9  E* i2 9 
o 36 W.57.6 
3 73 E , , 6 0 8  
5 27 E. ,61.8 
z 40 E. 44.5 

7 1  w.50.3 
75 9 W * s 2 * 5  

---- 
North 

Lat. 

5 3 G  
5 2  3 2  
52 30 
52 IO 
5' 3' 
51 2 

49 27 
49-26 
48 56 
48 50 
48 18 
48 I2 
47 '9 
47 ' 3  
46 39  
46 3'  
45 23 
45 21 
44 50 
43 36 
43 '9 
42 

T h e  hotteit place mentioned in this table is Pontichrry j 
the heat there ia fometimee I 13 or I I S O ,  which far exceeda 
that of the human body. The mew heat ef June is 95O.4. 

In 

Pekiii - - 39 54 1x6 29 E* SE.5 
Algiera - - - .) 36 49 2 17 E* ,72 
Grand Cairo - - .I 30 3 1  23 E. 7 3  
Cariton - - - - 23 ~ 1 3  E. ,75.1 

Spanih Town, in Jamaica .I 18 1 5  76 38 W. 81 
Manilla - ,  - - - 14 36 120 58 E. ,78.4 
Fort St. George - DI 1 3  87 E. 8 1 . 3  
Ponticherry - 
Falkland Ifland, - - 51' 0' 66 W.47.4 

Tivoli, in St. Doming0 - rg ~ 7 4  

South 
Lac. 

- o 13 77 20 W.62 @it0 - . . I  



1 a$ On the Tempmture of Climates, Wc. 
In fame parts of Africa the heat even exceeds that of 

Ponticbtrry . 
Of all inhabited countries, Siberia feems the coldeR ; its 

great elevation and diRance from the orcan both confpire to  
make it fo. Mercury has often been frozen there by the 
natural cold, which confequently exceeded - 39". The 
mean temperature of Irkulz., latitude 52" 15' N. longitude 
10s" E. from O&ober 1780 to April 1781, was - 6 O . 8 .  

At PeterJurgb the cold has been known --go: and is 
one year with another, at an avetage, - 25" ; the greatelk 
hummer heat, on a mean, is 7 g 0 ,  yet once it amounted to 9 s .  

General Objrvations and Inferences, 

E'imak, We. page 19. G' The temperatures of 
different years differ very little near the equator, 
but they differ more and mqre, as the latitudes 
approach the poles. 

G IC fcarce ever freezes in latitudes under 350,. 
unlefs in very elevated fituations; and it fcarcc 
ever hails in latitutes higher than Goo. 

'c Between latitudes 3 5 O  and Goo, in places 
adjacent to the fea, it generally thaws when the 
fun's altitude is 40°, and teldom begins to freeze 
until the fun's meridian altitude is below 400." 

Page 128. 6' The greatefi cold, within the124 
hours, generally happens half an hour before 
fun-rife, in a11 latitudes. The gfeatefi heat in 

* all 
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all latitudes between 60° and 45O, is found, 
about half pafi 2 o'clock in the afternoon ; be- 
tween lar. 4 5 O  and 35O, at 2 o?clock ; between 
lat. 3 5 O  and 25O, at half pail I ;  and between 
lat. 2 5 O  and the equator, at I 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. 

c c  The coldefi weather, in all climates, gene-. 
rally prevails about the middle of January, and 
the warineit in July, though, afironomically . 
fpeaking, the greatelt: cold fliould be felt at  the 
latter end of December, and the greatefi heat in 
the latter end bf June; but the earth requires 
fonie time to take, or to lol'c the influence of 
the fun, in the fafie manner as the fea, with re- 
fpe& to tides, does that of the moon," 

Page 104, €9~. cc July is the warrnefi month 
in all latitudes above 48" ; but in lower latitudes 
Auguft is generally the warmelt. 

cc December and January, and alfo June and 
July, differ but little. In I'atitudes above 30°, 
the months of Augufi, Septenlber, OQober, and 
Novembir, differ inore from each other, than 
thofe of February, March, April, and May. In 
latitudes under 3oV, the diffkrence is not fo 
grqat. 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 effe&s of natural caufes, that ope- 
rate gradually over a large extent, do not arrive 
at tbeir nra~cimrrm, until the aQivity of the caufes 
begins to dirninik ; this appears balfo in the ope- 
ration of the moon on feu ,  which produces 
tides ; but after thefe effc&s have arrived at their 
maximum, the decrements are more rapid, than 
the increments originally were, during the pro- 
grefs to that n2mimum". 

The differences between the hot& and 
coldetl months, within 20' of the equator, are 
inconfiderable, except in fome peculiar fitua- 
tions ; but they increare in proportion, ab we 
recede from the equator. 

In 
* T%Toregoing obfervations, made a t  Kendn! and K.$- 

.wid, afford fome remarkable exceptions to  the three lait 
general obfervation8.-December is the coldeit month in 
thefe places; though perhaps a mean of 5 years is not fuf- 
ficient to determine the point. Augutt is generally the 
warmeit month, and not July ; the reafon of this 1afi I take 
t o  be, our mountains being topped with fnow during the 
fpring, which retards the increafe of temperature, Fnd throws 
the maximum of heat later in the fummct. For the fame 
reafon, the month of April is colder than the annual mean : 
OEtober fecms the nrareit to it. T h e  dandard temperature 
for thofe places is 490 ; the difference, being between 2 and 
3O, milk be attributed, I think, chiefly to  the extenfive 
ranges Of mountains and high lande, in almofi every direc- 
tion ; unlefs, perhsp, we have determined the temperature 
tw low,---Sea the obfervations, page 30, 
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In the highefi latitudes, we often meet with a 

heat of 7,s or 80"; and particularly in latitudes 
spa and 60°, the heat of July is frequently 
greater than in latitude 51". 

% Every habitable latitude enjoys a heat of 60' 
at leaR, for a months; which heat feenis ne- 
cerary, for the growth and maturity of corn. 
T h e  quicknefs of vegetation, in the higher la- 
titudes, proceeds fronl the duration of the fun 
over the horizon.. Rain is little wanted, as the 
earth is fufficiently nioilkened by the liquefa&ion 
of the how, that covers it during the winter; 
in all this, we cannot fuficiently a 
difpofition of Providence. 

ESSAY 
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On Evaporation, Ruin, Hail, Snow, and Dew. 

VAPORATI ON is that procefs in nature E by wliich water and other liquids are ab- 
forbed into the atmofphere, or are converted 
into elartic fluids, and diffufed through the at- 
mofphere ; the liquid thus changed, is termed 
vapour, and the vapour is charaeerized by the 
name of the liquid from.which it was generated, 
as apueozrs vapour, or the vapour derived from 
water, &c.-Whether the vapour of water is 
cver chymically combined with all or any of the 
elaitic fluids confiituting fhe atmofphcre, or it 
always exifis therein as a fluidJui generig, dif- 
fukd amongfi the refi, has not, I believe, been 
clearly afcertained. 

The following circumltances are found pow- 
erfully to promote evaporatioii ; namely, h u t ,  
dry air, and a decrmzd weight or pr@ure of the 
atrnqfphere upon the evaporating furface, The 
firR and fecond are known to have that effe&, 
from every one's cxperience ; the lafi i s  proved 
to have Euch an effeA, by the air-pump. For, 
whcn the air is exhaultcd out of a receiver, a 
large quantity of vapour is raifed from the wet 
leather upon the pump plate; this vapour is 
precipitated again when the air is let in, Eo as to 

appear 
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appear falling like a howere. If 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 tlie cold of the 
furrounding medium, and falls upon the leather 
of the pumpplate. The reafon of this is, that 
the greaten heat water is fufceptible of, or its 
boiling heat, depends upon the preffure of the 
air upon its hr face ;  the lefs the pi-effure, the 
lefs is the boiling heat; and whenever it arrives 
at, the. boiling lieat, the greater heat applied to 
augment its temperature, in fiead of' doing io, 
CoIiverts a portion of it into vapour, which, as 
has been remarked, abforbs a great quantity of 
heat, witliout any increafe o l  teinperaturet, 

As this variation of temperature in boiling 
water according to the different preffure of the 
air, is a circumitance not foreign to the fubj,jeEt. 
we are upon, and perhaps the quantity and mode 
of the variation may not be generally known, 
we hall here introduce the refult of a feries of 
experiments inade in order to afcertain what 
prefiure upon the furface of water is requifiti: 
to make it boil at a given temperature ; haviilg 
never feen any fiiiiilar account, though the thing 

has 
* See a note upon this fubjea, page 136. 

.t. Hence wc fee the wifon of the provifo, page 20, in 
determining the bailing point of thermometer*. 
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has'probably been done by others with more 
accuracy. 

2120 30.00 . 

'90 
180 
170  
1 Go 
150 
140 
' 3 0  

200 

I 2 0  
I 1 0  
100 

90 
80 

22 .8  
18.6 
' 5  2 
12.2 

9.45 
7.48 
5-85 
4.42 
3 27 
2.52 

1.97 
1-47 
1,.03 

N. B. M. DG SuuJurc found the heat of boiling water 
upon the fummit of mount Blanc, 186' ; the height of the 
mountain is near 3 miles above the level of the Tea ; the ba- 
lometer was 16 inches :$t of a line (a little above 17  Eng. 
lih indies. 

Experiments of this fort, when made with all 
the accuracy they will admit of, I am inclined to 
think will lead tq the true theory of evaporation, 
and to the Rate of vapour in the atmofphere; 
upon confideration of the fa&, i t  appears to me, 
that evaporation and the condenfation of vapour 
are not the effeEts of chyinical affinities, but that 
aqueous vapour always exifts as a fluid fui ge- 
ncrh, difful'ed amonglt the relt of the aerial 

fluids, 
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duids.--Tt is true, the fa& that a quantity of 
tiominon air of a given tetnperature, confined 
with water of the fame temperature, will only 
imbibe a certain portion of the water, and that 
the portion increafes with the temperature, feems 
chafaaeriltic 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 tein- 
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" itnbibes vapour, the vapour 
is diffufed through it, and it may therefore con- 
tinue to imbibe till the denfity of the vapour, 
confidered abitraaedly, becomes -& of what it 
is when under the preKure of 30 inches of mer- 
cury, and its temperature 212" ; or, till & of 
the bulk of the compound mafs is vapour, dnd 
then it will be faturated, or imbibe no more; 
becaufe if it did, the denfity of the vapour Inuit 
be increafed, which it cannot be in that tempc- 
rature, withont lofing its form, and becoming 
water. Thus then it appeara, that upon this 
hypothcfis, there is no need to fuppofc a chy- 

mica1 
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mica1 attraEtion.in the cafe ; and further, that a 
cubic foot of dry air, whatever its denfity be; 
will imbibe the lame weight of vapour if the 
temperature be the fame ; and-lafily, that it may 
be determined I 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 ,0012, 
and that 6f vapour to air as 3 to 4:-A cubic 
foot of water weighs 437500 grains, and the 
fpecific gravity of vapour from the data , i s .ooog; 
now the compound mars being denoted by q, we 
&all have &q = the vapour, and q = I foot + 
ivy ; that is, q = ;8 foot ; and the vapour = 
&, foot, = 14 grains. This, it will be obkrvrd, 
is the refult of the hyp0theJ.r. M. De SazJurc 
determined by the experimeat alluded to, page 
104, that a cubic foot of dry air of 66" would 
imbibe I I' or 12 grains of water. Hence then 
it fetms probable that the hypotheiis would a i  
gree with expcriment.-By a like procefs, we 
&all find the weight of vapour imbibed by a cu- 
bic foot of air of 15o0, equal to 131 grains,.* 

Evaporation, 
* I cannot forbear remarking in thie place, that the fa&' 

ebferved by Dr. Darwin, in the Philofophical Tranfaeionr 
for 1788, Lpporte the theory we have here advanced, and 
indeed, I think, cannot be io rationally accounted for on any! 
other : the fa& was, that air during ite rarefaaion attrattr 

heat 
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Evaporation from land in general muR be lds  

than the rain that falls upon land; otherwife 
there could be no rivers. In winter the evapa- 
ration is h a l l ,  compared to what it is in fum- 
mer. Froin a feries of experiments made in the 
prefcnt year, 1793, I found the mean daily 
quantity evaporated from a veffel of water, in a' 
iituation pretty much expofed to wind and h n ,  
for 1 3  days of March, to be $033 of an inch in 
depth, the greatefi ,064; for 21 days of April 
'the' mean daily quantity was ,0555 of an inch, 
the greatelt . I I I S ;  €or 26 days of May the 
mean was ,0755, the greatcit .1346; for 14 
days of June the mean was ,063, the greatefi 
,098; for 8 days of July the mean was .122, 
the greatefi . I  95 : I never found the evapora- 
tion from water any fummer much to exceed .2 

of an inch in 24 hours, in the hotteft weather. 
From thefc experiments, and otlier confidera- 

T tions, 
heat from the furrounding bodiea, and givee off heat during 
its condenfation ; now, the moment any quantity of atmof- 
pheric air is rarefied, its vapour muR be rarefied alfo, and 
hence a portion of moikure will expmd into vapour in order 
to reRore that itate of denfity which the tcmperature admits 
of, and a b h b  the requifite quantity of heat from the bodics 
adjaaent ; again, the moment air is condenfed, ita vapour ic 
condenfed proportionally, fo that the nbfohte quantity of 
vapour which retains its form, will always be as the &UGC 

odcupied by the condenfed air, and tlic rcfl will be precipi- 
tated,, giving off its lieat tb the furrounding bodice.-Not- 
wjthfiandinb what i R  here hid, it is probable that u drtcreafed 
preIl'ure upon the furface of water accc/rra/cs, if it do not in -  
crtafe the evaporatiou, all otlier circumitancea being tlic fame. 
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Lions, it feems probable, that the evaporatioa 
both from land and wa&, in the temperate and 
frigid zones, is not equal to thesfrain that falls 
there, even in runimer. 

When a precipitation (or condenfation, which 
ever it be) of' vapour takes place; if the tempe- 
rature of the air be above .j2', the matter preci- 
pitated is liquid, or in form of rain ; but if the 
temperature of the air be lcfs than 3 ~ 9 ,  it is in 
form of fnow; when drops of rain, in falling, 
pafs throw aJtratum of air below 32', they arc 
congealed, and form daif. 

If we adopt the opinion, which to me appear8 
the more probable, that water evaporated is not 
chymically combined wjth the aerial fluids, but 
exilts as a peculiar fluid diffiifed amongft the 
relt- j whenever any condenfation of it happens, 
the matter mu& be precipitated, though not in 
the chyinical fenre of the word ; we would there- 
fore be underftood in rhis eRay to ufe the words 
precipitation and prccipitaied merely to denote the 
effett, without any allufion to chynrical agency. 

Different theories to account for theft preci- 
pitations from the atmofphere have been formed ; 
but the principles of none appear to me to be 
more plautible, and confiitent 'with fdltb, than 
that which has lately been offered to the pub- 
lic, in the Edinburgh Philojphical Tranjbflions, 

by 
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by Dr. Hutton of that place. From a fhort te- 
view of the article (for I hare not iien the oti- 
ginal) it appears, that he. confiders the varieties 
of heat a i d  cold, affeAing the folvent power of 
the atmoCphere, as the lble caufcs r3f rain. In- 
deed, when we. confitler that evaporation and 
the precipitation of vapour are dianirtrically op- 
pofite, i t  is reafotiable to luppnfr that  they il:ould 
be pr'omoted by oppolire caufcs ; and as heat 
awl dry  air arc tivnrirable to eviiporation, fo 
cold, operating upnti iiir rzplvrc with rapour, 
promotes its prcciipitiition. The point u p n  
wli;cii wc differ, 1 fui,pol'e will br, tl:at lie c a w  
f i d m  water cliyinir alry cotnhi~icd* with the nt- 
mofphere, and that cold produces a precipitation 
in a maimer fimilar to wli:it it does in water fa. 
turated with falt, or i n  other chyrnicai proceff'es; 
wheieas I fuppofe, tliat a portinn of the vaImir, 
confidered as a t f i r t i i i l t  ; int i  peculiar f l r i i d ,  is 
condenfed into wiltkr by cold ; 'the eIftLCts i t -  

fulting from the two theories will therefore be 
much the fame. 

The reafori then that a SW. wind in t h c f e :  
parts btlngs rail], feeins to be, that, coining 
from the torrid zpne, it is charged wi th  vapour, 
and the heat efcaping as it proceeds northward, 
a precipitation of the vapour cnfucs ; hut a NE. 
wind, blowing frotn a cold into a warriier country, 
has its capacity for vapour increafed, and t1iq-e- 
fore we generally find it  promote evaporation, 

Ti4 Frank 
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From the obfervations upon the quantity of 

rain that falls in different places, i t  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 Jrata of air, itrilcing againit the mounv 
tains, are made to afcend into the colder regions, 
by which means the vapour is precipitated: the 
fituarion of places, however, may be too high t4 
experience an extreme in this refpelt ; thus, the 
rain in Switzerland, and anlongit the Alps, iq 
not probably greater than in the north of Eng- 
land. It is more than'probable too, that the! 
rain in places fituate near the. weflern coaft of 
Great-Britain, and of the Continent, is greater 
than in the more inland parts. Mr. Clark, in 
his Letters on the Spanih Nation, obferves, 
that there was an infiance when no rain fell in 
C@Ve for 19 months together ; the province is 
in the centre of Spain, and at a great diltance 
from the fca. 

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

Profeffor Mufcchenbroek has given us an ac- 
count of the mean annual rain at feveral places, 
which we kall fubjoin, tagether with an account 
from fomc other place$, The inches differ a 
little in different countries, but the difference 
i s  too trivial to merit much notice in this place. 

Mean 
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nizIM 4mUJ rriF 

Inchen. 
Utrecht, Haerleni, and Lifle, each - 2 4  
Delf, and Harderwick, each - - 27 
Dort - - - . - w  
Middleburgh, in Zealand - .I - 33 
Palis - - . . - 2 Q  

- 37 Lyone ' - L .  

Rome - - - - - 2 0  

- 372 Padua - . - . I -  

34; Pih - . . - -  
Zurick, in Switzerland - - 0 32 
Ulm, i n  Germany - - - - 26% 
Wittenberg - - 16; 

19; Berlin - - I - - .  

In Lancalhire - - 4' 
UpminBer,in $ffix - - 194 

Bradford, in Ncw England ( z  years)* - 31.4 
Larigliol m, 
Branxholm, 

.. 

.. - 
- 

. 36 + 
3' + 

Kendal - .. - 64.5 
Kelwick . -' 68.5 

]in Scotlandt -, 

From the table of the mean monthly rain at 
Kendal and Kefwick, page 38,  it appears, that if 
we would pitch upon G fuccefive.months, which 
together produce more rain than any other 6 
fucceilive months, at thefe places, we muit 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 Kfwick, the rain* in the former period a- 

meunts 
4 American Philobphical TranfaQions 

t Edinhrgh Philobp!4caI TrapCotkva 



f 49 On E.uapvration, Rain, Wc. 
mounts to 40.4, and in the latter to ~8.1.-  

The reafon 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 
dfo ; which circumitance is an additional caufe 
of the precipitation of vapour. In the latter 
period, the capacity of the air for vapour is in- 
creafing, which occafiocs a lefs precipitation. 

When a precipitation of vapour takes place, 
a multitude' of exceedingly fmall drops form a 
cloud, rnrfi, or fag; thefe drops, though 800 
times denfer than the air, at firit defceiid very 
flowly, owing to the refiltance of tlie air, which 
produces a greater d e &  as the drops are finaller, 
as may be proved thus :-Let d = the diarncter 
of a fmall drop, and rid = that of a larger ; then 
the refifiances, being as the fquares of the dia- 
meters when tlie velocity is given, will be as d" 
and nzd+, refpetkively ; but the magnitudes arc 
as d' to n3d3,  or as 1 to n3, whence, i f  the large 
drop be divided into others of the fame magni- 
tude as the h a l l  one, the number will be = n f ,  
and the refifiance to them falling, as d d " ,  whilfk 
the refifi.ance to an equal mafs in one drop is as 
lt"d*; confequently, the refiflance to the large 
drop is to the retifiance of all the fmall ones, 
moving with the fame velocity, as the diameter 
of one fmall drop is to the diameter of the large 
one, and the force beink conitant, the time of 
falling through a given Epacc will be greater 

whea 
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when,the drops are finall than when large. 
From this it appears, that clouds confilting of 
very fmall drops may defceiid very flowly, which 
is agreeable to obfervation ; if the drops in fal- 
ling enter into a Jratunz of air capable of im- 
bibing vapour, they may be rediffolved, and thc 
clouds not defcend at all ; and if the air's capa- 
city for vapour increafe, they may be all imd 
bibed, and the cloud entirely vanifh, 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 1;irger ones, and defcend in 
form of rain to the earth's furface.-What is 
faid of rain, will likewife hold of how, except 
that the Cmall 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 arc 
€eldomer above the fummit of Skiddaw, in Nov. 
Dee. Jan. and Feb.' than in the other months; 
this clearly indicates the effea of cold in re- 
itraining the afcent of vapour. Were the mea- 
€urement extended above the fuinmit of the 
mountain, it is probable, from the apparent law 
of the table, 'that there could not be many ob- 

Ervations 

* "hie account of the nature of clouds, and of the mode 
of their riling and falling in the atmolphere, was ruggelled 
by a philofophical friend and acquaintance i m d  it appead 
w y e  yrry rational and ronfifient. , 
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fcrvations above 1300 yards in winter, nor above 
aooo yards in futnmer. This, it muit be ob- 
ferved, relates to the height of the under furface 
af the grofs clouds only. The fmall white ftrealcs 
of condenfed vapour which appear on the face 
of the iky in ferene weather, L have, by kveral 
aareful obfeavations, found to be from 3 to 5 
miles abovt the earth’s furface. 

Whan. vapour is condenfed into fmall drops 
upon die hrfaces of bodies on the ground, it is 
called dew ; the only feeming difference betwixt 
dew and rain is, that the condenfation of the 
v q o u r  in the one cafe is made at or near the 
firface of the body receiving it, and in the other 
the dropsr fall a confiderable fpace before they 
teach the earth; the caufe is the fame in both 
cafes, namely, cold, operating upon vapoury air. 
At fir& view it willlfeecm inconfiftent that a’con- 
denfation of vapour &odd take place in the>ain 
refting upon the earth’s furface, which is gene- 
rally fuppofed to, be warmer than that above ; 
but it is an incontellable fa&, that after fun-feet, 
and during the night, in ferene weather, the air 
is coldbit at6the earth’s furface, and grows warmer. 
the higher we afcend, till: a; certain. nioderatc 
height (perhaps from 20 to IOO yards; or up. 
wards), this I have often obferved myfelf, before 
I happened to See it elucidated, by a feries of 
experiments, in the Lettrss phyJguc~, Wc, Tom. 
5, .  page. 5 6 ~ ~  And accordingly, we findd that,, 

dew 
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dew and hoar froft are more copious in valleys 
than in elevated fituations. That dew depends 
upon this circumltance can hardly be doubted, 

-btcauli: when clouds or winds prevent it, there 
is little or no dew formed. 

Tve fliould fcarcely be excufed, in concluding 
this efliy without calling the reader’s attention 
for a iiioment to the beneficent and wife laws 
eltablilhed by the Author or Nature, to provide 
for the various exigencies of the fublunary crea- 
tion, and to make the feveral parts dependent 
upon each other, fo as to form one well regulated 
fyfkem, or whole.-In the torrid zone, and we may 
acid in the temperate and frigid zones alfo, in 
fuumtner, the beat produced by the aQion of the 
folir 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 
r;;ondenfation of vapour contributes to keep up 
the temperature, and prevent too rapid a tran- 
fition to winter. 

v ESSAY 



ESSAY SEVENTT-I. 

Chi the Relation betwixt the Uurometer a d  
R ah.  

lNCE the barometer lias. become an inftru- S tuent of geiieral uk, and is adopted as a 
guide by tnott people intcrefted in the flate of 
the weather, it may be of fervice to invefii- 
gate the relation fubfifting betwixt the weight 
of the atmofphere and its diij,oGtion for rain, 
from the fa&s afforded us by obkrvation,-and 
we may at the fame time confider what further 
arguments can be obtained in fupport of the 
foregoing theories. 

In the f i r f t  place it is remarkable, that, from 
the table of the l i m n  Rate of the barometer for 
5 years, in page 16, we find the high& mean' 
upon 6 fuccefiire months obtained from March 
to Augufi, inchfive; that is, the mean Rate of 
the barometer for March, April, May, June, 
July, and AuguR, iaken together, is greater 
than for any other 6 fucceflive months, being a t ,  
Kcndal, for infiance, 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- 
€pc&, the rain and the barometer are juri the 
&rfe of each other j for, in the former period 

the 
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the rain was leart, and greatelt in the latter, as 
has been obl'erved, in page 141. 

Again, by recurring to the tables; page 16 
and 38, we fliall obtain the following arraiige- 
inents of the months, \>cEinnin,y wi th  that c11 

which the iiiean itate of the h ru i i i c t e r  w;ls 
higheit, and proceeding regularly on to  the low- 
efi ; and again, beginning with tIi::c n ioidi  on 
ivhicli there w a s  lealt r i l l ,  aid  proceeding to 
that on which there w a s  tiiolt.. 

, Bnromefcr low. I Baromctcr high. 
M a y ,  AUK. June, Mar. !kpt. April. Nov. Fcb. ORo. July, Dcc. Jan. 

Dry months. Wet  mon~ks. 
Mar. June, May, Aug. April, Nov. O&o. Fcb. July, Scpt Jan. Dee.* 

Now it is obfervable, that  the evaporation is 
grratcllt from March to Auguit ; conlcquently, 
the air is then farther from the point of i l t u -  
ration, or has a greater capacity for V ~ J I O U I ' ,  than 
in the other period ; or, in other words, it is 
drier, relative to its. temperature, than in  the 
other period.--I-lence thcn we have a Itroclg ar- 

V Z  g 11 111 c 11 t 

* By making the arranpcmenta for h'rrr,lid alone, and  
tilcing i n  tlir prcfent ycar,' 1793,  till Aiigu(t, a i d  p a i t  of 
1787, we o b t a i n  the following : 

Bur. May, Airg. Junc, filar. 8cp. . lpr~l,  Nov. Feb. July, 019. Jut). 11~0, 

Rrin. Mal. May, June, Apd, Aup. Utt. Nov. Ir'eb. Stp. July, J.111. ULC. 



848 Relation offhe Barometer and Rain. 
gurnent for the theory of the barometer, as well 
as for that of rain, 

Mean Rate of the 
bammetrr, at 
Ktiid,il. 

3 0  1- 
29.9 + 
2 9 . 8  4- 
29.7 + 
zcj G 4- 
2 9 4  + 

, 2 9  3 +' 29.4 -b 
___--__ 

Rut to be more particular in the invefiigation: 
-It will be feen that there have been 6 months 
when the mean itate of the barometer at Kendul 
wa9 39 inches or above ; 9 months when it was 
29.9, or from thence to 30 iiiches; 17 months 
when i t  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 nionthly rain 
for thofe diltrihutions of the iiionths when the 
mean ftate of the barometer was nearly the hme,  
This we have,done,,and the refult follows. 

Number Mean monthly r a i n i n  
of 1 dittributions, in i 

months., =dale- -Krfwick;- 
6 2.605 2.511 
9 3.362 4.018 

17  5 402 5.676 
13 6.184 6.449 
7 7.116 7.198 

----- 

6 6,798 7-533 

8,369 11.357 
I 3.306 3.6001- 

-- 
~ I C  differen 
dies. 

London'. 
.2I* 

1.846 

1.340 
.898 

3453 

. I ___ 
I-- - 

a835 

2.100 

The 

* The account in this column, is  the refult of t h l 3  years' obfervationa 
wc have inkrted in the fittt part; the firtt mean is for 4 months, wllen 
the b.wmetcr at Londotl was 30.1 plus j the fecond for 6 months, wlitn it 
was 30  PI% &c. thc rert are for 7, I I, 5, z, and x months, refpettivclp. 

f 1 here was no rain-gauge this month at KeJwirk j the quantity kt 
dowti 2+ got by cornparifon onlp 
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The inferences to be drawn from thia tablc 
ate, l i t ,  The higher the barometer is above its 
mean annual Itate, the lefs rain there is. 2d. 
The farther it is below its mean annual fiate, 
the more rain there is, till it comes to a certain 
point, after which the rain Eeems to decreafq 
again. 

The flrf i  of t l d e  inferences, being conform- 
able to coinnmn obicrvation, was expetled ; but 
the conclufiori i n  the fecond, that the monthly 
mean Itate oi the baroiuetcr inay be too low to 
be atceiided with the tnaxiniuni of rain, was not 
apprehended till rhe’preceding tahlc, which feemr. 
to warrant it, was digefted, However, it was 
irnrriediately perceived, that the point might be 
cleared up, by iclcAiiig all thofe days which 
have produced the greatefi quantity of rain, and 
finding the mean itate of the barometer upon; 
thofe days, which may be taken for that fiata 
moil conducive to the greateft quantity of rain. 
-The rifult 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 a days that gave niorc 
than I inches of rain each, the barometer was 
29.59 and 19.33 refpelkively : as for the other 
56 days, on each o€ which there was more than 
I inch of rain, the mean h t e  of the barometer 
ypon the whole of then waa agl,+7, and for 54 

O f  
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of thofe days the barometer was between 29.03 
anti 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 I inch; on the other it was 
30.06, attended with an extraordinary circum- 
fiance. (See page 44, upon June  4, 1791) .  

Froin this it appears, that the heaviefi rains 
n a y  be expeEted when the baroineter is about 
29.47, at this place, or, in round numbers, 29; 
inches, which is a little abowe the mean of the 
two great extremes obferved in January 1789, 
or 29.44. 

In the lafi 5 years there have been 1827 days, 
of which 1082, as per account, had rain, more 
or lefs, at Kendul, arid 59 of thoft: gave above 
I inch of rain each ; hence, at an average, there 
has bcen I of fuch days in every 31,  wet 
and fair, and in every a8 wet days, nearly. 
The number of days when the mean ftate of the 
barometer was below 29 inches, were 40, of 
which z orily were fair ; and .yet there was but 
I of tliofe that gave I inch of rain. From there 
faas 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 
tinlei, which io confiftent with the conclufon 

obtained 
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ebtained frpin the faaQs Rated in the preceding 
pa rag raphs . 

Upon an enumeration it appears, that there 
have been 78 days in the difi2rcnt months of 
the lafi 5 years when the niean Rate of the ba- 
rometer, at Kendof, was above the dua l  high 
e,xtrcme for the nionth, as fiated at page 16 ; 
only 7 of thofe days were wet, and the rain in 
very finall quantities ; hence, the probability of 
a h i r  day at that place, to that of a wet one, in 
fuch circumltances, is as i o  to I. 

The preceding 6th offer nothing but what 
appears conGItent with the theories of the ba- 
rometer and rain ; when the barometer is above 
the mean high extreme for the feafon of the 
year, the air nufl, relatively fpeaking, be cx- 
tremely dry or cold, or both, for the feafon; if 
it be extremely dry, it is in a Rate for imbibing 
vapour, and if it be extremely cold, no further 
degree of cold can then be expelted, 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 
mutl relatively be extremely warm or extremely 
nroiJ2, or both; if it be extreniely warm, it is , 

in a fimilar itate to dry air for imbibing va- 
pour, and if it be extremely moifi, there mufi 
be a degree of cold introduced to precipitate 
the vapour, which cold, at the fame time, raifes 

the 
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the barometer. From which it follows, that no 
very heavy and continued rains can be expeQed 
to happen whilfi the barometer aRually remains 
about the low extreme, but they mufi rather be 
the confequence of a junAion or meeting of ex- 
tremes, wlijch at the fame time effeQs a mean 
Etate of the barameter. 

&? 
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011 the Aurora Borealis. 

5 this e h y  cofitains an original difcovery, A which kerns to open a new field of enquiry 
in phiiofophy, or rather, perliaps, to estend the 
bounds of one that has been, as yet, but jufk 
opened ; it may not perhaps be unacceptable to 
many readers to Rate briefly the train of cir- 
curnitances which led the author to the iniportant 
conclufions contained in the following pages. 

It will appear, from the obfervations, that the 
author has been pretty afiiduous, during the laft 
6 years in noticing thofe very fingular and [trik- 
ing phenomena, the aurora borsales, as often as 
they occurred; in which time he has alfo k e n  
and confidered, with a proper attention, feveral 
conjeQures and hypothefes, endeavouring to ac- 
count for them; but as no hypothefis has yet 
appeated that explains the general phenomena 
in fuch a manner as to procure the acquiefccnce 
of any rational enquirer, it was natural to ex- 
p e a  that his attention would occafionally be 
turned towards an inveftigation of the nature 
and ciufe of the arirora. 

X It 
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It feemed) to be fufficiently proved, that the 

aurora was not without the earth’s atmofphere, 
thougb he had never feen any thing dqne which 
afcertained the real height of any one appearance 
with a tolerable degree of acFuracy ; and as the 
atmofphere, or at leait the g r o h  part of it, is in 
all probability confined to the height of , I S  or 
20 Englifh tniles, he was unwilling to admit o f  
the greater Iicight of the aurwa, unlrfs coni- 
pelled to it by the refiilt of careful and accurate 
obfervations. The  prevailing idea too that tlie 
aurora may be heard, was another means to 
induce him to think it was at a iuodrrate htight. 
-Appearaiices, however, were in dire& oppofi- 
tion to the thought ;-that one and the fanie 
uurora fl~ould be k e n  over a vaft extent of 
country, with much the fmne circumfiances, and 
that fome of them ihould appear in Frufire, 
Spain, and Itah, wliilfi t h y  fo very feldom pafs 
our zenith in the north of England, was a very 
firong argument for their great height. The 
belt obfervations likewife upon tliofe large fiery 
meteors which occafiqnally fly over the country, 
and are k e n  a t  fuch difiant places, feem t o  
prove the esiltence of an elaitic fluid at the 
height of 60 o r  80 miles at lealt, which far ex- 
ceeds tlie height of the atmofphere as prefcribed. 
by the obfervationa upon the barometer, or 
even by the twilight; and if the atniofphere 
exceed the height of 45 or 50 miles, as deter- 
nlined by the obfervations on the duration of 

twilight, 
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twilight, we have no dritci from whence to fix its 
bounds ; i t  may, for ought we  know, amount to 
4 or j hundred niiles. 

'l'hefe confiderations, i t  is evident, could not 
fail of fuggdting t o  the author the exprdiency 
of deterinining, by a 8 n ~ l  obfer\vltiom., the real 
height of the cIzirora bormh .  'I'liis he thought 
might be accoiiipliihed b y  the afiitance of his 
friend and c o l l e a ~ u e  in the bufinefs, Mr. Crf- 
thwaite, of Kefwick, who haring for a long time 
bekn accufiomcd to,  make fuch obkrvations, was 
the inore eligible foi the purpofe ; but the inan- 
ner of doing it was f i r r t  t o  be cleterinined upon, 
as the great dlfliculty w i s  to afccrtain that the ' 
obkrvations were coteinporary, and made upon 
one and the Cane objc&. 

As the aurora often conlilts of upright beams, 
efpecially when high above the hot imw, and t l 1 c . k  
feldo 111 con tin u e on e 111 i 11 LI t e the fiime, t 11 I? q u c 4  i on 
was, whether to attempt the altitude of the b a k  of 
the b w m ,  or the vertex, or both ; t h i s  p u t  the 
author upon confidering more particularly what 
the real form of tlie branis is wlicn 1iript of the 
optical illufion, which mul t  acchmpany all ob- 
jeQs feen at a great diItaiice i l l  the at!iiofphere, 
natnely, that of appearing to coincide wit11 tlie 
blue vault, or fliy, and to cotifiitute ;i part of its 
fplierical Iurface. A very n idc ra t e  kill in 011- 
tic6 was Eufficient to convirice liiiii, t ha t  a s  the 

X a  1 u nii no us 
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luininous beams at all places appear to tend to- 
wards one point about the zenith, they niufi in 
reality be firaight beams, parallel * to each other, 
and nearly perpendicular to the horizon ; and 
from the appearance of their breadth, they mufi 
be cylindrical. Thefe circuniltances accounted 
at once for the aurora appearing fo denfe north- 
ward, towards the horizon, and the beams being 
€0 thin and fcattered towards the zenith, which 
is fo uniformly the cafe. Moreover, as rhe 
beams appear to rile above each other in regular' 
€ucce%on one fet above another, in fuch fort, 
that the higher the bali-s of the beams are, the 
higher are their vertices, it feerned from this. 
circumkance probable, that they are all of the 
€mie length ,and height ; if this be the cafe, by 
determining the greatefi angle fubtended by the 
beams, the relation or proportion of their length 
to  tiicir height above the earth's hrface may be 
determined geometrically. -Ilk circumitanca 
dcltrvetl to be kept in view; and it appeared, 
from oblervations made upon the aurora after- 
wards, that though rlie fd& cuuld not eafily be 
afcertained, yer fo much was certain, that the 
length of the beams bore a very great propor- 
tion to their diftance from the earth, even fo a4 
to equal or pcrhaps furpafs the faid difiance. 

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

phical 'I'ranfaBione for 1790, in which he f i i i d ~  t l i ia  idea id, 
$uggrfied by ff. CavcntIyJ, Efq. F. R. S. and A. S. 
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Thus Rood the author’s knowledge and ideas 

upon the fubjeb in tho autumn of 1792.--The 
very grand Aurora in the evening of the 13th of 
OAober, was that whlch firit fuggefied and led 
to the difcovcry of the relation betwixt the phe- 
nomenon and the‘ earth’s magnetifm. When 
the theodolite was adjuIted without doors, and 
the necdle at reR, it was next to impofible not 
to notice the exatkitude with which the needle 
pointed to the middle of the nort1iei.n concentric 
arches : foon after, the grand dotne being form- 
ed, it was divided ii, tvidcntly into two fimilar 
parts, by the plane of the magnetic meridian, 
that the circurnltances feemed cxtreiriely impro- 
bable to be fortuitous ; and a line drawn to the 
vertex of the dome, being in direAion of the 
dipping-needfe, it followed, from what Iiad been 
done before, that the funiinous beoms at that tima 
were all parallel i o  the dippingmedie. St was 
eafily and readily recollefied at the fanie time, 
that former appearances had been h i l a r  to the 
prefent in this refpeQ, that the beams to the eafi 
and weft. had always appeared to decline con- 
fiderably from the perpendicular towards the 
fouth, whilft thok to the north and foutii pointed 
direRly upwards, the inference therefore was 
unavoidable, that the beams were guided, not 
by gravity, but by the earth’s mgfic@h, and the 
dilturbance of the needle that had been liere- 
tofore obferved during the time of an awura, 
feeincd 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 cafe, as related in the 
obfervations. 

Soon after this, the author wrote to Mr. 
Crflhwaite, defiring him to pay particular at- 
tention to thefe phenomena for a feafo,n, to take 
the bearings, altitudes, times, 8cc. of every re- 
markable appearance, and to obferve the point 
to which the beams converged, the bearing of 
the perpendicular beams, the extent and bearing 
of the large, northern, iiorizonral lights, &c, 
Thefe lie performed with much readinefs and 
kill, and his obfervations agree fufGciently with 
thofe made at Kendal, though he was entirely 
unacquainted with the discovery, 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 
aurura relts principally, as none of the others 
were fuficiently well tinied and circumfianced 
to be fubfervient to this purpofe, except perhaps 
that on the 30th of March, 1793.” 

We 
a, It may not be improper here to advert ta a circum- 

fiance, which, if not noticcd, may be a meane of fubjcaing 
ttrc author, in fomc degree, to the imputation of playiarifm. 
-The advertifcments rrCpcCting tbie  work wcre printcd 
OII the loth Qf April, 1798, in which the difcovery above 

men tioiicd 



On the Aurora Borealis. I 59 
We hal l  now proceed to itate the different 

parts of this effay, dXpofing them into feparate 
fe&ions, as follows. 

SECTION 

mentioned was announced ae an original one, and dever be- 
fore pullified ; the author not knowing that any oiie had 
publiflied the moR dillant intimation of their nfcribing the 
phenomena of the nrrrorn lorealis to  magnetifm. On the 
17th of hid month, George Birlbeci, of Set&, an ingenious 
and intelligent young man, a fubfccriber to this work, in- 
formed the author, that an anonymous perfon, in  a certain 
periodical publication, had given an effay on the ( I U ~ O M  bo- 
realis, in which, amongit other conje&nree, he had advanced 
the opinion that it might be occafioncd 6y thc earth’s mag- 
netifm ;-he was io obliging a8 to tranfmit the author a copy 
of the effay itfelf, which may be feen in  a ,work entitled 
Mhmntica l ,  Geonrrtrical, and PhiloJolll’ical Delights, No. I .)’ 
publiflied May I, 1792, under the infpeaion of t i  Mr. Whithg. 

T h e  author, who fubfcribes himfelf Atnunuenjs, ftatca hir 
tonje&ures to  the following purport, viz. 

x f t .  H e  fuppofee that magnetic effliivia arc contlantly if- 
fuing from the earth’s magnetic pole in the north, and that 
thefe effluvia, which he confiders of a ferruginous nature, fly 
off in every direAion along the magnetic meridians j he then 
wnjeEtures that the hlphurous vapoure, riling from the 
many volcanoe in the north, mixing with the magnetic ef- 
fluvia, may catch fire, and fulgurate. 

2d. H c  conjeEtures that inflammable air having caught% 
fire, may receive a magnetic direaion, by the current of 
magnetic effluvia ; he fubjoine to  this conjelture, fome very 
jui t  obfervatione on the auro’oru, which we hal l  have occafioe. 
to mention hereafter. 

gd. He conjeiStures that ‘‘ a highly fubtilizcd aerial nitre 
‘6 olwayo cntcro into the conrpofition of an uurora.” 

4th. 
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SECTION FIRST. 

Mathematical Propdt ions  neceflary f o r  illuJratinf 
and confirming thge concerning the 

Aurora Borealis. 

' 

P R O P O S I T I O N  I. 

ALL l'mes or frnall cylinders, whether itraight, 
aurved, or crooked, feen at a confiderable dif- 
tance in the atmofphere, and fituate within a 
plane pafing throbgh the eye, inufi appear 

archer 

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

5th. H e  aflm, " May the luminofity be conveyed on the 

6th. H e  conceivee the reafon why the nurorn is fo frequent 

tric nature. 

4' magnetic effluvia, ae the elrEtric on an iron wire ?" 

.OW is, becaufe there are more volcanos in the north. 

I kouId fiippofc that there conjedurerr, ae far as they refer 
d e  phenomena of the aurora boreuiis t o  magnetifm,,are ori. 
ginal; and from the time of the publication it might be Tu& 
p A e d  that  I receive& the firit hint from. it ; this howevet. 
wag not the oak, this work being nearly ready for the prefr 
befora the 10th of April, and it wae not till after, that the 
letter containing the elfap came to hand, which firit furnifhed. 
mc with the preceding conje&uree ; betides, it will be k e n  
that my opinions are, for the moR part, very different from 
thofa ktulted above.-It is not meant by thin to depreciate 
the  merit of the ingenious Amanuc+, who will probably be 
well fatisfied to fee that the fuppofitioo of a relation be- 
tween the uuroru borcalh and nhagnetirm, which probably 
firit occurred to him, i o  capable of being proved to a dw 
a d b a t i o n .  
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arches of a circle, in whofe centre is the eye,, 
bounded by lines drawn from the eye to the ex. 
treniities of the objeas. 

V E M O N S T R A T l O N .  

T h e  lemicircle An1 n a t g r J B P reprefcnte a part of 
any plane pafling through the eye, fuppofed to  be at P, the 
centre; A P B  the interfefiion of the faid plane with the 
plane of the horizon ;, the itrch of tlie femicircle reprefents 
the intrrfefiion of the firR mentionid plane with thc bluo 
canopy or  Iky ; MN, 078, and RS reprelent t h e e  cylin- 
drical beams ken  at a dinance, whore axce are in the 
plane Am n o t g r s B P iodefinitcly extended. Then the 
objeEt n!€N bcing at B confiderable diltance, a8 5 ,  1.0, hc. 
mileal and quite detached from all objcRs on the  tarth’l 
furface, it ~UOWS, from the principlra of optics, that  the 
mind cannot judge with certainty eitlicr of rlte sbl‘olute dif- 
tance of the objr&, or wlicther rhc extremity M o r  N im 
more diltan t ; i n  fuch a cafe, thrreforc, nothing appear8 to 
the  contrary but that boi11 ends arc cqunlly difieiitt, aiid that 
MN is an arch of a circle i n  tlie flcy, with the cyc in the 
Centre; and this in fit& is the j u t l ~ m e n t  t h a t  i s  uniformly 
made in the cafe, For i t  is k p o w n  t o  every one, that ce. 
;kAisl obj&u, and objeEts at a diltance in the air, a11 the fun, 

Y mom. 
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moon, hars, meteorn, etc. all appear at  the fame diflanee, 
though rioi hirig cnri be more dilptopoi t ionarr  t han  t h i r  rral 
diltances; that ip, ihey all appear a6 if fitticite Cn the iky  t 
hrncc then  the ohj& MN w i l l  appear as the arch mn, 
0 r a a s  the arch o t  q,  and RS an the arch r ~ .  %E. D. 

Cordlary I .  Hence i t  may cafilg be dqduced, 
that no line that is not wholly f i tuate in a plane 
p,ining tlirougli the q e  call appear as the arch 
of a great circle. 

C;'oro/lwy. z. Hence alfo it follows, 'that if an 
&je& a p m  to be the arch of a grtat circle to 
two obfcrvets, fo fituace that thry trio, and the 
objdl, are not all in the Iatiie plane, the obj& 
mufi be a flraight line, or finall cylinder, be- 
caiif'e i t  mufi necdTdrily be wholly in t w o  planes, 
atid confequcntly in their common interfctlion, 
which is a i'rraight line (Euclid, I I and 3). 

PROPOSITION 11. 

Imagine a cylindrical beam, as AB, elevated 
in the air, and viewed Erorii a fiation on the 
earth, . a t  a diltance, as in the lalt papofition; 
and fuppok the beam fo fituate that a berp;n- 
dicular C P  from C to the fide of the cylinder 
B E  may fill below B,  or in  the prolongation 
of E l l ;  then, I FAY,, the beam will appcr broad- 
clt ntar the bottom, and narrower as it  afcends, 
that is, i t s  fides will appear bounded by the cir- 
culnfrrcnces of two great circlrs, having tbek  
coninion interleCtion in -a line C V  paralld to BEn 



I @re/h~ry. If there h e  a number of  bcnms 
ranked all over a tranfp,tretit plane p3r;illt'l to 

the horizon, at the hright of' ,dB ; and i I  t h k  
bearas be parallrl to the betin ,:!E, tlien they 
.will all appear to converge towards J', fioin 
every point of the horizon. 

Sckoliun2. The appearances of the extremities 
of the cylinder are not here conlidcrcd ; bu t  it 
wodd be ealy to prove they iuull  appear elliptiral. 

Y a  PRO. 
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PROPOSITION 111. 

Let there be a ferits of cylindrical beams, 
DF, K L ,  &c.c equal and parallel to each other, 
all in a plane perpendicular to the horizon, and 
at equal diItances from the horizon; and let 
A B  be the interreition of the plan: with the 
horizon ; HvI its interk&ion with the k y  ; C 
the centre of I ivJ ,  the place of obfervation; 
and Cu parallel to the beams; then, firfi, the 
beams will appear to rife above each other fuc- 
cefively, i t1  tlie flcy, in fuch fort, that, of any 
two beams, that which has the higher bafe, will 
have the higlier vrrtex a l h ,  except when the 
beams appear to pars through, or lie wholly he- 
yond the zrnitli ; fecond, t h d e  about the zenith 
will appear broadefi, and thofe nearefi the ho- 
rizon narroweit. 
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0 K M O N S f d A T I O N .  

Join CD, CF, CK, and C L  ; then the bare hf will appear 
higher than the bare D by the angle DCK, and the vertci 
I, higher than the vertex F by the angle FCL, and fo OR 
for the relt of the beams, till the angle reprefrrked by PCL 
itl equally divided by a line from C to the zenith ; afterwardo 
the contrary takes place. The angle under which the dia- 
meter of the beam appears, being luppoled Fmall, will be 
nearly as the diI\ance irlvetfely, acid tlicrcfnre grrateR as 
t h g  !ze~ii~It, and Ids below, in  proportion ao radiuc to thp 
Elit: of elevation, Q-E. D. 

PROPOSITION IV. 

The fame Figure remaining; 

If the beams are equidifiant, and if CMN, 
CIlltZ be drawn on each fide of 9, To as to touch 
the bares of two beams in M and m, and the 
vertices of the two next beams in N and n; 
then ali  the beanis included in the angle NCs 
will appear di&in&, and all thde 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 beauis croaed 
by a right line from C, 

DBMONBTRATION. 

The firR part is obvious, from the elemente of geometry 4 
and from the priaciplefi of optics, the diltance of the bean10 
makes no difference in tlieir apparent briglitnefs, unlefs what 
d e r  froni the want of pcrfea traniparcncj in the atirrof= 

Phew, 
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phere, which fomewhat obfcurcs d i R a n t  objeA8 5 hence, the 
greater thc number of beams croffrd by a right line fiom C, 
the denler will be the light in that dirckliori. QLE. lX 

PROPOBITiON Q. 

The fan,, things being fuppofed as i n  Pro- 
pofition third : lct a circle be dcfcribed tiiroob;h 
the extremities of any one beam, as I I F ,  to 
touch the horizontal line in c ” ;  and if C D  and  
c F be joined, the angle DcF,  Fubtendid by the 
beam, will be greater than that fubtended by 
any other beam, as feen from c;  and if FL) be 
produced to’nieet  the horizon in A, and the 
quantity of the angle D c F  be given, the propor- 
Qion’of AD to DI; may be determined. 



DEMONSTRATION.  

Draw any line, D K S ,  to cut the circle in K, and meet 
the hot izontal lint: in S; join FK and FS; thvn the angle 
D KF = anglc DcF (Eucfid, 3, 21) ; and angle DKP ir 
greater t h d a  DSF (Eudid, I ,  21). 

Draw o c  perpendicular to the horizon from the cent* 
of the tirrle 0,  arid hili& DF by the perpendicular OG, 
and join o Z); thrn ,  fioce the angle D r F  i s  given, D O G  
is Kivzn alfo, being = 1> c F (Euclirl, 3, 20) ; a l h  the an- 
gle~, G and A c o  being right, and angle A given by hypo- 
thcfis, aiigle G o t  i s  given alfo, and .cot f q u e n t l y  Doel 
and the triangle Doc being ifoceleti, the anglee at D and 8 
an: bo1 h given, and mgle R r  D rlfo,.being tht complemeM 
of D r o ;  whcncr it  will be 

Siw AcD : l ick A 0 :: fine A : fide cD; 
A id Iiiir D o c  : fide rD :: fine Dca : fide D o ;  
And radius : fide Do :: fine DOG : fide DG = f DF, 

which gives the ratio of AD to L)F. QE. D. 

Scholiuni. We have here hppukd the angle 
A acute; but if it be taken obtufe, or tho ob- 
Rrvations be made on the other fide of A, the 
proportion of AD : Dl? may be found equally, 
‘but the greatielt angle under which the beams 
appear will be lefs ; thus, if oG be produced to 
0, To that upon 0, as a centre, a circle may be 
defcribrd to pafs through 1; and D, and touch 
the  horizontal line in C ; then, the greatefi angle 
DCF will be at C, where the circle touches t h  
aLorizonta1 line, as befom. 
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SECTION SECOND. 

Phenomena tf ibe Aurorae Boreales. 

THE appearances of the aurora come under 
four different defcriptions.-fir fit, a horizontal 
light, like the morning uwora, or break<of day. 
-Second, fine, flender, luininous h~iints,  well 
defined, and of denfe: light ; tbefe continue 4, $, 
or I whole minute, fonietimes at relt apparently, 
but oftener with a quick lateral motion.-'l'hird, 
$apes pointing upward, or in the Fame direeion 
as the beams, which they always fucceed ; thefe 
pre only momentary, and have no lateral mo* 
tion, but they are generally repeated many timea 
in a minute ; they appear much broader, more 
diffufe, and of a weaker light, than the b e a m  ; 
they grow gradually' fainter till they difappear. 
T l d e  fometiines continue for hours, flafliing a t  
intervals.-Fourth, arches, nearly in the form of 
rainbows ; thefe, when complete, go quite acrofe 
the heavens, from one point of the horizon to 
the oppofike point. 

When an aurora takes place, thofe appear- 
ances feem to hcceed each other in the following 
order :-Firfi, the faint rainbow4ke arches ; 
fecond, the beanis; and, third, the flafhes: a? 
for the northern horizontal light, it will appear 
pin the fequel to confilt of an abundance of 

&.e$, 
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JlaFes, or b t m s ,  blended together, owing to the 
fituation of the obferver-relative to them. 

Thefc diltin€tions, and the terms appropriated 
for them, mull bc kept in View, in attending to 
the following phenomena. 

PHENOMENON I. 

The beams of the aurora lorealis appear, at 
all places alike, to be arches of great circles of 
fhc fpliete, with the eye in the centre, and t l i d c  
archcs if prolonged upwards would all meet in 
m e  point. 

This is conforrnabk to my own obfervations, and to all 
the account8 I have facii of the uurum. 

PHENOMENON 11. 

The rainbow-like arches all crofs the magnetit? 
deridian at right angles; when two or  more,' 
appear at once, they are concentric, and tend ta' 
the magnetic eafi and weft ; alfo, the broad arch 
of the horizontal light tends to the magnetic eafi 
atid wefi, and is BifeAed by the magnetic meri- 
dian;  and when the aurora extends over any 
part of the hemirphere, whether great or fmall, 
the line feparating ,the illuminated palit of the 
hetnifphere from the clear part, is half the cir-' 
cumferencs of a great circle, crofing the mag- 
detlc meridifin i t  right angle$, ,and terminating' 

z in 
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in the magnetic eait and welt;  moreover, tht  
beaiiis perpendicular to the horizon are only 
thok on the inagiletic meridian. 

T!iefe liavc been the riniforrn apptarances at Kmdd for I. 
fei icn of obCervat ion: pa(), an ha8 bcen icli1red ; and fi om re- 
coi:e&icin, and the w t e s  wade iipoii foi.mer appearances, it.6 

well a5 from the inference to be drawri f tom thc later obler- 
vations, I have 110 doubt the wholc lift of the ourore wcrc 
confoi mabk to this dcfcription. 

The accounts from KeJwicI cotrohorate the Came) the hori- 
zontal  light is defcrihcd as extendirig from WSW. to ENE. 
and i t s  liiglielt par1 i n  the middle, or NNW. or, when pafi 
thr  zenith, SSE*.-AH for  tlir vertical Ilrrainew, their de- 
clination from tire vcrtical circlrh being io itnail, except about 
thc ealt and well points,, it iu d o  wondcr if there be fome'la- 
titude in th& obiervations, when the eye is t o  judge ; we 
do not find, however, that this latitude hae excerdcd IO' 
from the magnetic meridian, 

Tint th i s  phenomenon agreee with the oblrrvntions made 
in England, France, Germany, &c. in  the heginning of thir 
ccntul;y, when the azrroru filk aplwated, we learn fi.om the 
fallowing txtraae from the TraiifaEtions of the Parifiao 
Academy. 

1707. March 6, between 7 and 10 in the evening, M. 
Leilniiz ,fays an aurora lorealis was obfcrved a t  Berlin ; there 
were two luminous arches, one  above the other, both direLily 

northwal d, 

* T 4  hariccntal arches, indeed,'do not always appear to extend jtin te 
&e magnetic eaft arid welt, but often to fdll fliort of, and fometlmes to 
fU'Urpif* thore pint#; the rearon 18, we judge of it,' extent from its vifihilitp 
above thc fenfihle hopion, and the lqlit is cither Io faint by the great diG* 
tance, or objcas fntemeiie, that we feldom fee the extremity of the arch, 
within 9 or 3" of the Kororlzon ; this contra& or enlargcs its villblr OXW 
waiFogly, when bh arch mllwc a I d  an& with the hortroa. 
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northward, their airicavity tirrncd JownwardR, their choids 
parallel to the hori~i)i i .-~~'l~e variation o f  the i ieedlr  i R  

Grrmary, &c.  a t  that tirnr, was very 1ittle.from tlrr true 
north.  
. 1 7 1 6  M. MirnhJi drfcribcs thc horizontnl lights o f  the+ 

I itli,  rz t l i ,  :!rid 13th of April, a8 having all tlie lame filira- 
tion, namely, exrenr from 45 or 50' W .  to 35 or 30' eitR 
of the meridi~n.----l'lie variation at  Puris was then about 
E poiiit wrlterly. 

-Mmh 17.  a rainbow-like arch w a s  Teen a t  BrrJI; 
it extended from E. to W. crof ing  ~ l i r  niriitfinii fouth of 
the zeiiith ; ioon aftec, a horizoiiial light was fecn, extent 
from NW. to N N E .  

-At Rorrm, tlic fame night, a horizontal light WBI 

feen; its extent frcini 1o0 E. to LE or 30" W. 
-At NewnrR, in hrothghanfiire, it was reen between 

the  NW. and N. 
One feeir dt  Copmhqrn, Fthriiary I ,  I 707, is laid to haye 

extended from W N W .  to NNE. 
Srpteinher 1 2 ,  1 6 z 1 .  G@nth.r ohferved an  horizontal 

l ight, ,at  A x ,  i n  Prowrrcc; i t  extended between the fim'irier 
rifiiig and ietting.-N. l3. 'l'lie vaiiiltioii tlicn WUB il little 
to the ealtward. 

1 7  I$. M.trcli 4. M. Mirm'd* ohfervcd 811 IiorizontaI 
light; rxteiit from NW. to NE. but declining about ~b. 
more to the welt. 

Tlirfe olifcrvetinns, compared with t l i n k  recently made, 
fiiificieotly ii\(Iicati* tliat t i i t  pofition (if tlie Lw+xntnI tights 
and nr.cbrs, chariges with the needle, niid is iiow mucli more 
wc!terly than foi mcrly*. 

2 2  It 
* Since writing the above, I find in the Philofophical Tranfa&iana of tlic 

Royal Society for I 790, vcd. 80. fevernl ncrounts of tlie r.unhowV Iikc i i r d i t b .  

111 Ait  1. Mr. Hrq, oAcr d rcribrnp Lvcr 8 1  N ~ I C S ,  hys. '& th: pol s of ,111 the 
(6 complete arclies wliicli 1 have Len liar! a Tu+ n v:innf:rn froni the pole 
'6 of the cquoror."-In Art. 6. h'r. Nu c lur f in  d e l l i l m  one &in  on 
the z id  of Fcbriiary, 1784, at Krmhoh, ( 6 3  milts NNW. of a d w )  to 
h v e  extended fioin ENE. to WSW j and *I dcfcrrption gf tlia fame a p  
pcarmce, not Wedog eibntially, iS givetr in Art. +. 
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-It fhould, however, be obferved, that this phenommos ia 

to be uriderhood as gcnsrul, rather than univri$d; becaufe 
the boriaontd /&Ah, arid a r c h ,  ate fometimcs interrupted, 
which caufee the aurora to be ken  occafionally dmufi wholly 
to thc eaR or weR of the magnetic meridian ; but 011 all fuch 
occalions I have obferved thc inclination of the  heanis inva- 
riably the Iflrnc, i i i  ~ i l c  fame quarier the heavens, as far 
as the eye could jiidge.-In fa&, if the horizon/al ligbts, 
ptc. were nu: intertupted, tlie zone of light muit quite fur- 
round the nortfirrn parts of the earth, at every appearance, 
which we are ptetty certain ie leldom, if ever, the cafe. 

PPENOMPNON 111. 

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

Granting the truth of the two preceding phenomena, it 
followe, that the  point of convergency muR be in  the mag. 
netic meridian ; and this point, from the beil obfcrvatiom I 
can makc, is hetween 76 and 75' from the fouth ; which 
agrees with the obhwtioi is  at Kc/iuick : and it appear8 that 
the c/ipping-raccd!e in Bnglund point8 to that part.-My notes 
upon the aurora for 4 or j years paR Bate the point of con- 
vergency to the foutli of the zenith, when a crown waa 
fonned, and I believe the. remark has been generally made, 
whercver the appcarance was ken aud attended to.-Kirdcr 
ohfcived the point 29' fourh of the zenith, a t  Berlin. 

I n  hpport  of the two lait phenomena I might alfo quatq 
the ingrnio~s ~'rnntlucrfl .~ whom I liavc mentioned i n  the in. 
trodtiltion to  this c'ffay ; he fays, $ 6  that the lucid coluSpng, 
1' or kadiating flames of the aurora lurealis alrnufi alwayr 
' 6  hoot off from the north to the fouth, correfpondiitg in a 

" p a t :  



PHENOMENON IV. 

The beams appear to rife above each other in 
fucceflion, fo that  pf any two beams that which 
has the higher bafe has the higher fununit a b ,  
or  its fummit nearer the point of concourfe; 
the angle fiibtended by the length of each beam 
is not the fame, it being gratefittibout half way 
from the horizon to the qenith, and lek above 
and below ; air0 the beam to the fouth fubtend 
lefs angles than thok to tlie north, having the 
fame altitude.-The greatefi angle to the north 
feems to be about 25 or 3 4 O  ; and that to the 
fouth 15 or zoo. 

PI$ISNO#BNON V. 

Every Genm appears broadeit: at or near rhc 
bafe or hottom, and to grow narrower as it 
akends, in fuch fort that the continuation of its 
bounding lines would meet in the commoii cen- 
tre to which the beams tend ; yet the l'uinmit of 
the beam is riot flat, but painted.-'l'he highelt 
beams fecm abnut 3" broad, and tlie lowelt 10. 

The 
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The two laR phenomena are the refult of my own obfer- 

rations chiefly; but there is fomr difficulty and uricertrinty 
in meafuring the angles fubtended by the lower brams, by 
reafon of their being one bebind another; it muR rheieforc 
be left to future obfervations to determine morc accurately 
the angles' under which the beamc appear in diffewnt part6 
af the hmifphere. 

SECTION THIRD. 

Propo/icions concerning $BG Aurora Borealis. 

PROPOSITION I. 

, THE luminous beams of the aurora borealif, 
art cylindrical, and' parallel to each other, at 
leak over a moderate extent of country. 

The beams muR be parallel to each other, from Corol. to 
Prop. 2, and Corol. 2, Prop. I ,  Sea. I 5 and from Phrnom. 
I .  Hence, and from Prop. 2, Sr& I ,  and Phenom. 5, 
they are cylindrical. 

PROPOSITION 11, 

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

Frotn the Corol. to Prop. 2, Sect .  I ,  and Plrenam. 3, it 
fobwa,  that the beams are parallel to the A$~ing-nret//r; 
and as the beams are fwimming in a fluid of equal drnfity 
with themfelves, they are in  the fame predicament as a m a p  
Betic bar, or needle, fwjmrning in a fluid o the fame fppcritr f gravity 
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gravity wnith itrelf; but this lait will only rea in eqrrili6rio 
when in the direaion of t h e  t-i'$ping-nccd/e, o w i n g  to w h a t  it3 
called the earth's nzt ip~ct t$h ; a n d  as the former  allo.rclts in 
that pofition only, the  e?ie&s being fimilar, we muR, by the 
rulee of phi lofophizing,  afcribc thrm to the i amc caiiie.- 
H e n c e ,  t h e n  it follows, t h a t  T H E  AURO'RA B O R G A L I ~  IS A 
Y B G N G T I C  P H E N O M E N O N ,  A N D  I T S  B E A M S  A R E  OOVPRNPB 

BY TUP PASTH'I HAONSTISM*.  

PROPOSITION xu. 
The height of the rainbow4ke arches of the 

IUYOYO, above tbc earth's furface, is about 85s 
Eaglilh miles, 

This appears from the calculation made from the abfrrra- 
ti0tltI o n  the 15th of Fchruary, I 7g3,-but other obt'trvationi 
o u g h t  to he made a t  more d i l ian t  placea, to afcettairr 'the 
hcight with more precifion. Poifrbly the height may ba 
different at different timeet.  

PRO- 

* I am aware that an objeltion may b i  flat& to this;---If the beamr 
be fwimming iri a Auid of equrl dcnilty, it will bc idid they ought to be 
dr.iwn down by tho a€tion of the cnrth'a magaetifm. Upon this I mi7 
ebfrwc, that it Is not my buflnefs to hew why this i e  not the cafe, becaufi 
I prcrpofe the mugnchfm of the beams as a thing dcmonltrablc, and not a# 
an hypothcfis. We are'not to dcny the caufc of gravity, becaufi we canno( 
PIEW how the cffeR is produced.---May not the diirculty be IcfXcncd by 
krppofing the beenis of /$ dendty than the furrounding fluid. 

+ Sivcc writing the above, I find Mr. CAWNAP has, in Art. IO of the 
Philofophical 'I'ranh&oricr for r7g0, calculated ,the height Of an arch, ob. 

.fervcd at different ploces, on the a3d of February, I 784, to be betwixt 5s 
m d  7 I milcs.---But, with deference, I would rcmark, that the ObferVatioM 
above mentimed appear to ma better circuinitanccd thin thofc upon 
which.his cafcubtian k Lumlcd, and tlwrcforc the nfdt of them more m 
k rchcd upprr 
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P R U P O S ~ T I O N  IV. 

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

This is not capable of h i &  demonfiration, fat want of 
hore era& abfervtttions ; it ia, however, rendered c t t r e m r l ~  
probable from Prop. 3 and 5 ,  SrEt. I ,  and Phenoin. 4 and 5. 
-Indeed the phenomena are almoR irrecon~ileablr to any 
otber fuppoiition. 

PROPOSITION V. 

The diitance of the Beuam~ of the awom from 
the earth's hrface, is equal to the length of the 
beams, nearly. 

Allowing the truth of the laR propofition, and comparing 
Prop. 3, Sea .  I,  with Phenom. 4, we ball find the pheno- 
menon to itgreo belt with the hppofition of the equality of 
the difiance and length of the bcama, 

We have here fuhjoined the refult of a calculation of the 
angles iubtended by the beams, on three different fuppofi- 
tiofis, namely, xit, when the length of the beams ie equal t o  
their bdiaance from the earth ; zd, when the length is but 
half that difiance ; and, gd, when it i s  twice the diRance.3. 
The calcularion iu rrrfily made by inverting Prop. 5,  Se&. I *  
and foppofing the point c variable, where we have the rat18 
of AD to DF, inffead of the angle DcP given ; the beam6 
are hppoied to  be thofe in the plane of the magnetic meri- 
dian, both north and iouth of the zenith, and their bafee are 
taken at I@, a@, 30°, &e. altitude. T h e  angle RAc 1, 
foplpbfed 710. 

When accurate otfervatione f ia l l  be made, I have no- 
400. 

Anglsr 
doubt the angle8 on the zd fuppolitfon will be 
little, arid thok OR the gd too great. 



On the Aurora Borealis. '77 

Sckolrurn. It i s  very probable the raitrLow.iikc nrckrr are 
e i ther  at  t h e  top o r  bottom of t h e  Lmms, and I a m  iiicliiitd 

to thi i lk  they  a r c  at the  top, not only  becaufc the i r  ligltt is 
fa int ,  but Ixcaufe t h e  Ixarnu flioiild bc fccn ;It a much gieater 
dillatice t h a n  i t  kerns t h e y  are, if t h e y  wrrc 3co miles h i ~ ~ l i ,  
or  twice the hcigl i t  of tlic arclieu ; and iIie oi,rel viitionu on 
the 301h of Maich, 1793, fccm to conf i tm the opiiiion of 
the b a k e  of d i e  beams be ing  Go or 70 miles high, ur about 
half the height of the arches. 

I 

If the rummite  of tlir beams be 150 milee high, their 
bake will, accoiding to this propofition, be 75 miles high, 
and the whole length of the beams +out 75 miles, or, mora 

And if the diamcter of the nearly, 75 milee x 
bale be & of the length, e a c h  luminous  beam will be a cy- 
linder of 74 miles in diameter ,  and 75 miles long". 

Aa N. U. 

radios 

* If a maEnet he required to bc madc of a Riven qurirtity of fiecl, it is 
found by experience to anfwwer bcf? wlicn the length is to the hrentltli ;IS 
I O  to I ncaily : it is a rcmnrltable circumltance that thr Icnsth m i  breadth 
of the magnrtic beams of the auroru lhould hc fo nwly  in tll.lt ratlo.--- 
(&try, I f  a fluid rrlnfs of maqnrtic matter, wlictlier d i h c  or inclnfitlc, w c ~ e  
fwirnming in anorlici fluid of q u a l  deicfity, .ind d h t l  on hy niiorlirr mag- 
net at  D diRnnce, wliat folm would tlir mngnctic i i in t \c I  nfihx' Is it 
not probable it would bc tliit of a cylinder, of proport~ond d~~nenlionr to 
rhe beam, of the aurora Y 
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N. B. As obje& elevated 75 Englih miles may %e fecn 

a t  the &fiance of IO geographical d'egrees ; if elevated 150 

milcs,'it. may be feen q0 ; if 300 miles, 29'. 

PROPOSJTION VI, 

That appearance which we have called the 
horizontal' light, and w.hic11 is always fituate near 
the horizon, is nothing but the blended lights of, 
a group of beams, or Jafies,  which makes the 
qppearance of a large luminous zone. 

T h e  figure to  Prop. 3, ScCt. I, reprerents a feriea of 
beams kuch a6 thofe of the uz~t*oru, h a t e  i n  the plane of the 
magnetic meridian, and C thc place of ohfcrvation. And it 
it! proved i n  Prop. 4, Sea. I, that the lights of the diRant 
bfams i n  that plane will be blended, to  a certain, elevation, 
to  the obferver a t  C, Imagine a feries of planes parrllcl t e  
the plane of the magnetic metidian, with bamu fi/uate in, 
them likewile ; then, from the principles of optics, the 
rows of beams in every two of the plance will appear to 
approach each other, as the dillancc from the obfcrver in- '  
cyafes ; and when that diItance becomes indefi&ly p e a k ,  
they will all fecm to coincid? ; hence the beays will appear, 
bicncted, both horizontally and perpendiciilarly, and will 
eonfequently confiitute a large zone of dcide light, Thio 
zone mul l  appear at right angles to the magnetic meridian, 
becauk i t  is obferved (Phenom. 2.) that when the beame of 
t \ e  nuroru extend over a great part of the hemifphere, they 
are always bounded by an arch c!oE[jng the magqctic meri- 
dian at  right angles. 

*. 

SECTION 
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SECTION FOURTH. 

rhcory of the Aurora Borealis. 

I N  the preceding feAion we have deduced 
the nature of the aurora, merely by combining 
mathematical principles with the phenonicna ; 
the conclufinns, therefore, are not drawn from 
hypotAe/i, but from fh%, and mult hold, as far 
as the fa&s are well *afcertaincd, and the prin- 
ciples truly app1ird.-In this f&on we mean to 
propok fomething by way of hypotliefis, to ac. 
count for thofe plieiiomena. 

T h e  /<ih of the nzwor-n has been accounted 
for on three or niorc different Ihppolitions : 
a.  It ha:; bccn fiippofed to be a ”  flame arifing 
from a cliyniical ciliwclcciice of cornbaliible ex- 
halations from the earth. 2. It has been ibp- 
pored to be inflainmable air, fired 1)) elelhicity. 
3. It has been fuppofed eleCtric light itfclf. 

The firfi of thefe fuppofitions I pafs by, as 
utterly inadequate to account for the phcnomena. 
The fecond is preffed with a. great difficulty liow 
to account for the exifience ofJmta of inflnm- 
mable air in the atmolphere, iince i t  appears 
that the different elafiic fluids, intimately mix 
with each other ; and even admitting the‘ exiit- 
cncc of thefeJrata, it feenis unneceffary to in- 

Aa 2 troduce 
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troduce them in the cafe, becaufe we know that 
difcliargcs of the eleAric fluid in the atmofphere 
do exhibit light, from tlie phenoinenon of light- 
ning.-From thefe, , and other reafons, fome of 
which fhall be mentioned hereafter, 1 confider it 
almolt beyond doubt chat the li<yhf of the aurora 
borealis, as well as tha t  of jiz2i.A .&is and the 
larger ~ncttors, is elektric light I'olely, and that 
there is nothing of combultion in any of thefe 
phenomena. 

Air, and all elaPric fluids, are reckoned a- 
moiigIE the n o n - c o n d u h r s  of eleofricity. 'Phero 
kerns, Iiowever, a diikrence anlongit them in 
this refpel3 ; dry air is known to conduQ worfc 
than moifi air, or air f'aturated with, vapour. 
Thunder ufually takes place in fummer, and at 
fuch times as the air is highly charged with va- 
pour j when it happens in winter, the baronieter 
is low, and confequently, according to our the- 
ory of the variation of the barometer, there is 
then much vapourized air:  froni all which it 
feelns probable, that air Iiighly vapourized be.. 
comes an iii\perfe& conduLltor, and, of courfe, 
a dil'charge rnade along aJratum of it, will ex- 
hibit light, which I iiippoft! to be the general cafe, 
of thunder and lightning. 

Now, from the conclufions in the preceding 
f c € h n s ,  we are under the neceflity of confidering 
%he beanis of the aurora borealis of a ferruginous 

nature, 
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nature, becaufe nothing e lk  is known to bo 
magnetic, and conkquently, that there exifis in 
the higher regions of the atmofpliere an elafiic 
fluid partaking of the properties of iron, or ra- 
ther of magnetic J c d ,  and that this fluid, doubt- 
lefs from its magnetic property, airunies the form 
of cylindric beams.--It fhould feein too, that 
the rainbow-like arches are a €ort of rings of the 
fame fluid, which encoiiipafs 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  lirfi view, indeed, it kems incompatible with 
the known laws of magnetifni, that a quantity of 
magnetic matter ihould affuine the form of fuch 
rings, by virtue of its magnetifin ; but it may 
take place in one cafe at leaft, if we fupporc 
the rings fituate in the middle, between two 
rows of beains, i‘o that the attraAion on each 
fide may be equal. As for the beams, in their 
natural itate, when not a&ed upon by caufes 
hereafter to be mentioned, they rnufi all be 
guided by the earth’s ?mgnetiJjn (I mean the 
caufe that guides the needle, whether it is in the 
earth or air I know not), and confequently all 
have their tzorlb poles downward ; but whether 
any two neighbouring beams have the poles of 
the fame denomination, or  of different denoini- 
nations, a&ting u1mn each other, flill the ef€eQ 
will be the f m e ,  and their inutual atlion upon 
each other not diiturb their parallelifm, nor the 

pofition 
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pofition of the rings ; becatlfe, whether the polm 
mutually attrat? or repel each other, is of no 
moment in this cafe, and the attraEtion of each 
pole is alike upon the rings. 

Things being thus Rated, I moreover fuppofeb 
that this elaflic fluid of magnetic matter is, like 
vapourized air, an imperfed? condud7or of cleAri- 
city; and that when the equilibrium of eleAricity 
in the higher regions of the atmofphere is dif- 
turbed, 1 conceive that it.takes thefe beam and 
rings as condueors, and runs along from one 
quarter of the heareni to anotlier, exhibiting 
hll the phenomena of the nurora boreah.-'l lie 
reafon why the diffufe flafhts fucceed the inorc 
in'tenfe light of the beams is, 1 conceive, becaufe 
the ele&ricitg difperfes the btains in foine de- 
gree, which colleQ again after the elrQric cir- 
culation ceafes. 

Many of my readers, I make no doubt, will 
be furprifed to And, after having formed a con- 
ception that the relation betwixt the aurora and 
magnetifm was to be explained and deinon- 
itrated, chiefly if not folrly, from the obfcrva- ' 

tions on the dihrbance of the needle during 
the aurora, that no inention or ufe whatever is 
made of thote obfervations, in the preceding 
€eEtions. In fan,  the relation above mentioned 
is demonfirable without any reference to them ; 
notwithitanding which, they not onl! corroboa 

rata 
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rate the proof of it, but alrnoit. eitablik thc truth, 
of the hypothefis we are here edvancinlr;. 

The variations of the needle during the auncr~, 
as may be feen in the obfervations, are €0 exceed-, 
ingly irregular, that afteE confidering them a. 
while, one would conclude this is the only fa& 
afcertaincd by tbde obfervationsb However, I: 
think we may deduce the following : 

I. When the aurortz appears to rife* only% 
about 5, IO, or ‘so above the. horizon, tha 
dilturbance of the needle is very* little, and: 
often infenfible. 

2. W h e n  it rifes-up to theraenith, alld,paEes: 
it, there never fails, ta be a,conFdarab~~,din~~b.r. 
w e p  

3: Tbis ci51turhanccF conGRsb in, ani isregdar, 
ofcillatioq of ths# horizontal nerzdk, f;3metimeei 
tq the,*eafiwayd, and thendo the. wefiward of tbcr 
mean daily pofition, in fuch fort,thak the great&: 
e,ucurfions on each fide are nearly equal, a&i. 
amount t9 about half a degree each, iq tbis glaceq 

4*, When tbe aurora.ceafes, or loon after, tbc, 
nfiebq, retvxps .to its ,former ita~jw. 

Now, from there fa&s.alons, independent, oft 
what i s  cwtained i e h e :  precedin81fe&ime, I 

think 
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think we cannot avoid inferring, that there is 
fomething magnetic co@rniiy in the 'higher re- 
gions of the atmofphere, that has a fliart: at leafi 
in guiding the needle; and that thc flu&uations 
of the needle during the nurura are occafioned 
by fotne mutations. that then take place in this 
magnetic matter in the ir.cunibrnt atniofp'tiei'e ; 
for, it is 'certainly improbable, if not abfurd, to 
iuppofe that the aurora produces this magnetic 
matter, at its commencement, and dcflroys it 
at its termination. Moreover, abqraQing from 
a chymical folution of the metal, nothing is 
known to affett the magnetifrn of Jee I ,  but hcat 
and electricity; hear weakciis, or deQroys it ; 
elearicity does more, it foinetinies changes the 
*pole of one denomination to that of another, or 
inverts the magnetifrn. Hence, we are obliged 
to have recourfe to one of thefe two agents, in 
accounting for the mutatious above mentioned. 
As for heat, we ihould find it difficult, 1 believe, 
to afign a reafon for fuch fudden and irregular 
produQions of it in the higher regions of the 
atmofphere, without, introducing eleltricity as an 
agetit in thofe produBions ; but rather than 
make fuch a fuppofition, it would be more phi- 
lofophical to fuppok eleBricity to produce the 
effe& on the hagnetic matter immediately. Hence 
then were we bbliged to form an hypotheJiJ of 
the aurora borealis, without any other faas re- 
lative to it than the four above mentioned, we 
ought to fuppofe it a, phenojnenon produced in. 

fome 
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manner by the united agency of magnetifin and 
ele&rici ty. 

It appears then, that the difiurbance of the 
needle during an aurorrZ equally couurenances 
the coiiclufions drawn in the lafi fe&ion,’and 
the hypothefis adopted in this; and it may be 
2ccounted €or on the hypothefis, as follows. 

The beams of the aurora, being magnetic, 
will have their magnetifm weakened, deltroyed, 
ar inverted, pro tempore, by rhe feveral eleBric 
ihaclts they receive d u h g  an mrorn;  or per- 
haps tlie temporary difperfion and diffufion of 
the magnetic matter thereby, may confiderably 
alter its influence ; when, therefore, the altera- 
tions on each fide of the niagnetic meridian do. 
not balance each other, tlie confequence will be 
a difturbance of the needle*. 

Bb In 
* I conceive that a beam may have it6 magnetifm in- 

verted, and cxift fo for a time, becaufe the repuliion, a&ing 
longitudinally upon it, will Only impel it in that dircCtion, 
and not turn it round ; juft aa the north pole of a magnet 
may be applpd to the north pole of a magnetic needle, 
without turning it round, by keeping the magnet exaaly 
in the fame line with the needle, and thua making the nerdla 
a& upon the centre. A n d  I further conceive, that when 
the beam is renored to its natural pofitibn of the  north pole 
downward, it is effeaed, not by inverting the btnln, wliolIy 
a8 a beam, (for this is never obferved in an mroru) but by 
inverting the conftituent particles,. which may FaBlg kc ad- 
mitted of il fluid. 
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In fine, the conclufions in the iaft fe&ion, and 
the hypothefis in this, afford a very plaufible 
reafon for the appearance of the aurorn being fo 
much more frequent now than formerly in thefe 
parts ; if the earth’s tnagnctic poles be like the 
centres of the aurora, as the phenomena indicate, 
it is plain the aurora muit move along’ with 
them, and appear or dihppcar at places, accord- 
ing as the magnetic poles approach or recede 
from them; and hence it may be prefumed that 
the earth’s magnetic pole in ,the northern hemif- 
phere is nearer the weit of Europe in this century 
than it  was in the latt or prececling.-lhe ob- 
fervations upon the dip of the needle, however, 
if they have been accurately made, Feein to in- 
dicate the approach of the magnetic pole to liavc 
been very little ; the dip at London, according to 
Mr.Ca.oallo, was 7x0 50’ in 1576, and 7 2 O  3’ 
in 1 7 7 5 ;  but there is reafon to fiifpe& the ac- 
curacy of the infiruments 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 necegxy here, before the 
fibjen’is difmifliid, to caution my readers not to 
form an idea that the elaJtic fluid magnetic 
mutier, which I have all along conceived to 
exifi in the higher regions of the atniofphere, 
is the fame thing as the maxnetic fluid or zf- 
Juvia of mofi writers on the fubjcn of mag- 

netiftn. 
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netiftn. This lafi they confider as the efficient 
caulk of all the magnetic phenomena ; but it is 
a iiiere hypotliefis, and the exifience of the 
efluvin Iias never been proved My fluid of 
nragnctic miter is, like niagnetic iteel, a hb-  
fiance poffceiTed of the properties of magnetiiin, 
or, if there writers pleafi., a rubfiance capable of 
being a&cd upon by the tnagnetic efluvia, and 
not tlic magnetic efluvia themfclves. 

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

S E C T I O N  FIFTH. 

An inveJigntion of the fuppfed  e j W  of the MOOR 
in producirrg the Aurora Borealis*. 

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

B b z  any 

* An eflay on this futjea wae fir& publiftled by the nu- 
thor in the beginning of I 789, in Mr. L)av@n’~ Matbrmutical 
and Pbilo/bpQical Rrpul;forp 

b+ . 
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any other time ; this produced the furpicion that 
the aerial tides occafioned by the moon might 
have Come influence upon it. Granting this to 
be the cafe, it was obvious, the full moon mufl 
have an equal hare  with the new, though thc 
phenomenon may often be then invifible, owing 
to the light of the moon.-Having now an 
enlarged lilt. of obfervations, we ihall refutne the 
fubjea afrefh, and exaiuine what countenance 
the obkrvations give to the fuppofition. 

In the lilt of obfervations we have pIaced the 
moon's age, both with refpea to change and 
full; collating, therefore, the whole number of 
obfervations to each particular number expreb 
fing the age, we hall  have the following feries: 

). 3 4 5 6 7 
Day8 paR change 

and full. 
No.nfobfervations. 14 zj 21 20 19 20 15 21 

1 8 g Io I x  12 13 14, 
Days paf  change 

and full. 
No.ofobrcrvations. 18  23 1 5  6 t o  1 3  9. 

( 1 2 )  

As the lunar revolution is completed in 29; days 
nearly, one half of a lunation is'14J days; henca 
the obi'ervations undcr 14 do nor itand the fame 
cllance as the refi, there being only 3 of the 
number of periods that have a day correfponding 
to this number : the number of 'obfervatiogs 
under it ought therefore to be increafod in thc 

ratio 
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satio of % to I ,  or be 1 2  infiead of 9, in order 
to make a fair divifion of the terms of the feries. 
Now the fpring tides will fall aliiioft wholly in 
the firit half of this period, and the neap tides 
in the lalt ; dividing the terms of the feries, 
thertsfore, into two equal portions, taking half 
of the odd intermediate one to each, the ruin& 
of the portions are as under. 

Spring tides. Neap tides. 
No, of aurare. 144;. i 07;. 

is favourable to the fuppofition. 
Ratio 4 3, nearly, which 

It may be objeaed, that as the latter divifion 
contains the whole of the ficond quarter of the 
moon, when,its light is firong, and when it is 
above the horizon all the time there is to obferve 
the aurora, the phenomenon is not noticed as 
often as it takes place in that quarter.-This 
may be right, bur it kould be obfcrved, that the 
laft quarter of the moon, which is wholly exempt 
from this objeeion, falls in the fame divifion; 
and both the firit and third quarters, conitituting 
the other divifion, are in part liable to the fame 
obje&ion. 

However, in order to determine whether this 
obj,e&ion is of fuch import as to counterbalance 
the apparent conclufion contained above, it may 
be proper to find and compare the number o f '  

obfervationo 
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abfervatione in the firfi and lafi quarters only.-- 
This being done, on the principle above ufed, 
the numbers Rand, 

Firit quarter, or fpring tideo. L a R  quarter, or neap tidec. 
93;. 81. 

From which it appears the phenomenon is ob- 
ferved more frequently in the firit quarter of'thc 
moon, though liable in part to the above ob- 
jeaion, than in the lafi quarter, which is wholly 
free froin it. 

Prefuurning then from what is done abore, that 
thofe .periods of the lunar months, when thc 
higher tides are in the air, are moll fubjca to 
the phenomenon in queltion, it kould be ex- 
peQed, that thofe times of the d q , w h r n  fuch 
tides are in the atmofphere, ihould likewife bc 
more fubjetl to it than others. Now the fpring 
tides in the afternoon always happen in the in- 
terval from 2 to 8 o'clock; confequently, the 
opportunity of making obfervations upon tlic 
phenomenon in this interval will often occur in 
in winter, and never in fummer, owing to the 
twilight.-It hould feein then, that the winter 
obfervations ought to favour'the Iijpothefis more 
than the fuinmcr ones.-In fa& we find this the 
cafe. The obfervations in the months of No- 
vember, December, and January, being arranged 
and Cummed up as absve, give, 

Spring 
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Spriiig. Nertp. 
40;. 24;. 

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

rg I 

Spring. Neap. 
25;. 2 4.;. 

As the tides are higher in fpring and autumn 
than in funilner and winter, the phenoinenor). 
ought, accoriling to liypothefis, to occur more 
frequently in the two former feafons than in the 
two latter, The number of obfervations in the 
di fhent  months Rand thus : 

Jan. Feb. Mpr. April May June July Aug. Scp. 00. NO% Dec. 
18 18 26 32 21  5 2 21 23 36 38 9.s 

The ftnall number in June and July is undoubt- 
edly owing in great part ,to the twilight ; but 
die deficiency in December, January, and Fe- 
bruary, cannot be owing to the Pame 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 inuch agitated by the tem- 
peits in the lower regions, may have Come effea 
upon the phenomenon in queflion ; and the fup- 
pofition is evidently countenanced by the Ceveral 
faas fiated above. 

* SECTION 
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An hveJZigation of the eft8 ofthe Aurora Borea!i@ 
on the Weather Jucceeding it. 

VARIOUS have been the conjelttures on this 
IubjeR offered to the confideration of the public : 
fome afiert that the aurora has no fenfible &e& 
upon the weather; others that it is very fre- 
quently followed by rain loon after. 

In the American Philofophical TranfaQions, 
we find it obferved that the barometerfallJ after 
an aurora. 

Having a large number of obfervations on the 
~urora, together with thofe on the barometer 
and rain, we are prepared to examine there opi- 
nions, and we do it the Lather becaufe if any 
thing can be afcertained on this head, it muit be 
regarded as a valuable difcovery, confidering the 
prefent very imperfe& fiate of meteorological 
pr ognoflicat ion. 

Since the fpring of 1787 there have been 2217 

curorie abfervcd at Kmdal and Ktfwick; 88 of 
the ndxt fwccecding days were wet, and 139 fair, 
af Kendd;  now, in the account of rain, the 
meam yearly number of wet days there i s  ftated 
at 217, and of courfe the fair days are 148; 
hence the chances of any om day, taken at ran- 

dam, 
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darn, being wet or fair, arf. as thde numbers, 
!"it: i t  appears the proportion of fair da)s to wet 
ones fucceeding the I I U P O ~ L ~ ,  is much greater than 
this general ratio of fair days to ~ t t  ones; t h e  
inference tlwefore is, that the,appeatance of tho 
d h r a  borealis is a prognofiication of fair weather. 

The only objeaion to this inference which OC; 

curs to us as worth notice is, 'that the aurora 
being from its nature only vifible in a clear atc 
korphere, this circumff ance of itrtlf is futticient 
to  cafi the kale in favour of the fucceeding day; 
V&g fair, without confiderink the mrora as 
having any influence either direAly or indircaly. 
--'This objeaion has undoubtedly lorlie weight ; 
b i t  upon examininin$ the obfervations, i t  appears 
th8t' the atdrora 'not only favcwrs the next day, 
b h  indicates that a feries of days to the number 
of I O  or 12, are more likely to be all fair, than' 
t$iy would be without this circumltance. 

Of 227 obfervations, t 39 were 'followed by I 

or more fair days, 1 0 0  by 2 or tnore Src. as under. 

a: , a, 3 4' 5 6 7 8 g IO X I  12 

#39 100 69 5 a  j 8  $6 a r  16 IO 6 2 I .  

According to the laws of chance, the proba- 
bility of any number of fuccefivt: f i i r  days is 
foun,d by raifing ;+; tg the power, wliofc: iridel 
is the propokd number of fair days ; tilere' pro- 
babilities being inultiplied by 227 will give what 

cc the 



394 8n the Aurora Boreah. 
the above h i e s  ought to have been, if the WL). 

rara had no influence; it is as under. 

1 ' 3 4 5 6  
gz 38 J E  6 2 I 

From which it appears, there t'hould not have 
been more than L aicrora out of 227 followed 
by G fair days, and yet in fa& there were 30; 
whence the jrifcrence above macle is coijfirmed. 

As for the different feafons of the year, I find 
the ourom is more ftrqueritly followed by fair 
wcatlier in futiiiiier than in winter ; but the dii- 
tiriAion is riot very confiderable. 

Jt nray be obferved that the' large8 and moil 
fpleridid appearances of the aurora, as they ufu- 
ally happen in rainy and unfettfed weather, they 
are frequently fucceeded by I or more wet days; 
but 1 do not find a n y  of thore very rcmatkable 
ones which liappened on a fair day, was fuc- 
ceedcd by a wet one, 

Upon examination of the effeQ of the auror. 
upnii the barometer, 1 find, that Gnce the 19th 
of September, 1787, there have been 219 obfer- 
vations,,pnd that in  120 of thefe inttances the 
barometer was rifen next morning, and fallen in 
99. -This circumltance, therefore, corroborates 
the inference before made, that the aurura is a 
$ipn of fair weather, 

Gunoral 



&nerd Rules md Overvalioolrs for jadgirg 
.af tbc Weather. 

OTWITHSl'ANDING we have deparied N pretty niucli from our oriFina1 cieiign of 
expatiating on this fubjekl, we thii ik i t  ;nay not 
be ami6 to collec2 forlie of the facts arid oblirva. 
tions that arc diffiifed th;ough the work, which 
relate more immc:iiatrly to the FubjeCC, and to 
add thereto a few inore obiervations. 

I .  'rlic barometer is highelt of all during a 
long froil, and Acnerally riles with a &X. wind ;* 

it is lowefl of all duritlg a thaw following a long 
frolt, and is often brought down by a SIV. wind. 

2. When  the barometer is near the high cxo 
treine for the fearon of the year, th t re  is w r y  
little probability of immediate rain. See page 1 s t .  

3. When the barometer is low for the fearon, 
there i s  fcldorn a grc'at wt.ight of. rain, tliougll a 
fair day in fuch a care is rare. See page 1 5 0 .  
The general tenor of the weather at fuch timec 
is, fliort, heavy, and fuddcn ihowers, with I'qudlls 
qf wind from tile SW. W. or NW. 

4. In funimer, after a long continuance of fair 
weather, 'with the barometer high, it gcticra!Iy 
falls gradually, and for one, two, or wore days, 
before there io much appearance of rain,--lf the 

C e  '1 fall 

See page 112. 
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fall be fuddcn and gre'at for the feafon, it will 
probably be followed by thunder. 

5 .  When the appearances of the Iky are very 
promiling for fair, and the barometer at the faam? 
&me low, ic may be dr jxnded  upon the appear- 
ances will riot continue fo long. T h e  face of the 

"4  iky changes very fuddenly on fuch occaGons. 

6. Very d a r k  and denfe clouds pa6 over with- 
out rain when the barometer is high ; whereas, 
when the barometer is low, it fometinies rain8 
alinoft without any appearance of clouds. 

7. All appearances being the fame, the higher 
the barortietrr is, the greater the probability ofi 
fair weat her. 

8. Thunder is altnolt always preceded by hot. 
weather, and followed by cold arid ffiowery 
weathtr. 

Q ' b  

I )  

, 

. 9. Ai fuddcn and extreme change of tempera, 
t u x  of the at i i iof ih-e ,  either from heat to cold 
or cold to lieat, is generally followed 'by rai 
within 24 hours. 41 . .  

IO. In  winter, during a froit, if i t  begin to, 
fnow, the temperature of the air generally rifer,' 
to 32", and coritiniies there whilIt the'fnow falls; 
after whicli, if the weather clear UF, expeQ fe, 
yere cold. 

z I .  The auroro borealis is a progno 
geathr .  See Ldiy 8,  Se@. 6. 

, )  e ,  'I. " , - '  
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diJhat parts of the Work. 

PAOB 8. 
4 heigbf of Yoic ig (  above tbe fea was fa 

lince found, by Icvelling with the barometert 
that Stramongatr bridge, at KsnduJ, is 46 yards 
above Levens bria'gc, to which the tide flows; 
though it feeins the furvey for the intended'canat 
makes the height lek:  I am not aware of any 
Jrcumftance t l k  could lead m e  into an error. 

T"': down 2 5  yards, by eltinlation only; I hava 

lyrr. Cr@&gul?uclitg has, lately detcrminsdh by l o l  
velling with a very good theodolite, that Bqfin* 
hwnite-like is 7"o yards above the levrl of. tha 
fgq9 and thqt Derw,@-la&, which is io yard& 
bi low his barometer, is 76 yards abovR rhe levek 
of the Tea ; I make the lalt: mentioned lake 81, 
yards above the level of the Tea, from bar,qine- 
trical obfervatioris ; but if 1, hayc &a$r: ap, errqr 
by dettmtiining Ken&/ 5 yards too high, the rg- 
fults of our obl'ervations will be reconciled ". 

Page 
* The height of the follnwing places abovq tllr Icvc1,of~ 

the fen have been dctermincd as 'undct ; the ohfervationp, 
with the baromrtcr were made by myfclf, aiid thuie with 
the theodolite by Mr. Cro/ldwaiic. 

From barow ob& F m  the, thcoc\di& 
Windcrnierc Inkc, - - - -. ~ P , y a r d S ,  ' , $71 
D u t i n d - r o f i ,  tlarrow ofRoop 

2 75: in the buundaiy of Curntcr. 

' I '  - L Q t ,  &#the{ lak. - 9 - * - *.: land alld W&Jorfond 
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P q e  ag.-The greateit heat experienced for 

'the fait 5 years, at Kendai, was on tile ~ [ t  of Au- 
gult 1792; but the heat of the yrefent year, I j 93r 
exceeded ; the thermometer in the hade was 8 3 O ;  
on the L rth, and 84; on the I 5th of July. 

P q e  39.-There is a great difcordance in tqc 
height of Skidduw, as deterniincd by the ohfcr- 
varions of different perfans ; I have remarked 
that Mr. Crghwaite made it 1050 yards above 
Derwent lake, 1 find fince that Mr. Donald made 
it 1090 yards above the fea, and 958 above 
Bupnthwaite lake. Mr, C#o/26waiie, 'by a later 
admeafurement, deternhes its hcight I ooo yards 
above Derwent /ake.-On the 26th bf Auguft, 
1793, I attempted its height by the baromerer, 
for which p u r p k  the following obfervations 
were made. 

At 311 30" P. M. the hsrometer upon tlir Ctrmmit 
of SRidJaw, when the proper allowaiicr fur the 
rife of the mercury in thc refervoir was made, 
Aood at - - - - - - - - - - 26.7pinchcr 

Mr. Cr@bwgi/l's barometer at Kfwick, allowing 
for the (mall difference of the barometers when 
together, at the fame time, Rood at - - 29.71$----. 

A detached tlicrrnomcter above was, in the fiader - 4G0, 
A detached thermometer below was, irr the ha&, - Go'. 

Now, 
MY obfervations wcrc taken both in going to and return. 

ing from KflwicP, atid compdred w i t h  nearly cotcmporary 
obferoatioaa at Kendal and Kcjwick ; at the former time the 
air was dry, and at tlic latter rnoifi: tile elevatkns were 
found fomething Ief8 by the later obfervations, but the dif- 
k r a ~ r r  wiie o d y  a yard* iR h t b c 8  Id8  a d  g in Dunmail-rriJk 
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Now, by applying the theorem at page 81, we 

ff nd the elrvation ofthe upper barometer above the 
lower g.(s.;! yards ; whence, adding rof yards, we 
get the Iieiglit of Skidlmu above Dtrwmt /ORE = 
956; yards, arid i t s  lieight above the fca COlIlCI 

but 1037; yards.-lt had been a good deal of 
rain on the inorning of that day, and the cloud8 
were j u l t  broken off ,at the t ime of the obferva- 
tions, the air remaining Rill  very {oft ; from 
which circuoiftance 1 ani inclined to think that 
the  height alme determined is rather too M e  ; 
for I have found by repeated obfervations upon a 
hill 3 i o  yards high, that the heights are found lefr 
by the theorem as the air is fofter; ttztcris paribus: 
1 think therefore we may conclude bkiddaw to be 
nearly I ooo yards above DcrbeniJde, agreeable 
to Mr. Croflhwaite's la(t mealurment, till its height 
can be more exa&\y afcertaincd by a repetition of 
obfervations *, 

-, AFTER 
* Mr. CroJhwnh makes the height of Lutrig, anatha 

mountain in the ncighbourhood of Kc/euirk, to to he 319 
yard8 above Derwent hit: by ohfewat ions on the barometer 
the above mentioned day, I found its height 312  yard% 
which, for the r d o n  aajgned above, io probably too little. 

HcZwllyn is a moudtain clofe by the road leading from 
h'mdal to hjSTUicA, about 8 milts from the latter place; it 
bde alwaya juftly been confidered higher than Sliddt.rw. On 
the 27th of Augult I made the following obrrrvationr t .  
determine ita height. 
At Ih 3om P. M. barometer at the ibmmib camdrd as abors, 16 69; 
Barornctcr b e h ,  1 0  yards above I u t b n  lek+ - - . . . 29.39. 
Adrtached tlrermomttLr at the fuinmit BPI . - . - I 4104, 
AIWChclUlcrpropar~kkWm m - rn .) e .  5 4 ,  

FcHl 
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A$"fER f 8ad'obferved the hurok boredi t  td 
& difiurb the fleddie frj greatly, as is related ifl. 
&e addtnda to the obfervations on that head, < 
&nje&\irc'd, a'priori, that thunder-ltorms would' 
db ,the fame"; ackordirigly, I watched' the needle 
f%t. a'coFfidevabl2 tim'e during the only thunder- 
dbrm wc'haii. at'&ndnE'in the fummer of 1793, 
iitxmely, dn th'e e'vening of the i d  of AuguIt; 
dut, far Gorn p'erceiving any unufual Bueuation, 
I' could sf&, difcovet the' need!? was perceptibly 
dihkbe'dJ all' tlie' while; and it continued at th; 
&fie itatiori the next morning: 

On t h e j a t e  of'vapour in the Aimfibere, € 9 ~ -  
See page 134, and following. 

AFTER inacing Folne experiments upon the. 
de& of the condenfation of atmofpheric air, in 
a glafs reffell, by means of a fyringe, frori, whith 
I find that repeated condenfation produces a de. 
poGtion of water upon the infide of the glafs, 
ogd repeated rarefaQion removes the fame alfo, 

having 3 

F4om'whkH the kfevation of the upper barometer above the 
lower comt!a out 869; yardb;  to which adding 1 7 s  and IO," 
ws g e  the-height of Helve//yn above the k a  z 1050; yardk 
Bitt i t  Ihould be obfcrved the Itate of the air was Rill more' 
moiR than when I was upon Skidt/uu, and the obfervation at 
top was taken during a fhbwer ; from which it is probable$ 
the height of Hchrllyn above the Tea ie ncarly I 100 yard8 : 
Mr. Donald makes it I 108 above the rea.-About 200 yard6 
below the h m i t  there is a very fine rpring, from which a 
large firearn of water drrcends all the year round, wiih little ' 
variation in quantity at thrdiffer~bt'kdririle, 'aa'hy @id 

S W r n e ;  it6 temperature I found to be 38O. 

, I f * . )  R r l E  * 
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having made foine experiments upon the effeA 
05 hear on water thrown into the vacuum of a 
corninon barometer, which tend to confirm tiiofe 
thc refuit of which is given at page 134,-1 a m  
confirmed in the opinion, that the w p o w  of wa- 
ter (and probably of nioJz other liquid$ ") ex@s at 
all times in the ntmofihcre, and is capable of bearing 
any known degree of cold without a total condcnfa- 
tion, and that the vapour $0 exiJing is one and the 

fnms thing with Ream, or ztapour of the iemperaturt 
f, 2 I 2 O  or upwards. The idea, therefore, that 
vapour cannot exift in the open atinofpherc 
under the temperature of 2120, unlefs chymi- 
tally combined therewith, I confider as errone- 
QUS ; it  has tnlcen its rife from a fuppofition that 
rir prefing upon, vapour condcnfes the vapour 
equally with vapour prefing upon vapour, a Fup- 
potition we have no riglit to at'rume, and which 
I apprehend will plainly appear to be contradic- 
tory to reafon, and unwarranted by fa&; for, 
wheii a particle of vapour exifis b e t w r r n  t w o  
particles of air, let their equal and oppofite pref- 
fures upon it be what they m a y ,  they cannot 
bring it nearer to another particle of vapour, 
without which no condenfatioll can rake place, 
all other circumfiances being [he fame; and i t  has 
never been proved that the vapour in a receiver 
from which the air has been exhaulled is pre- 
cipitaFed upori the admifion of perfdtly d r y  air. 
Hence, then, wc ought to conclude, till the con- 

1) d trary 
* Dr. Pri#ey obfcrvcs i n  thc fifth volutne of his Expcli- 

pents, page zz5,rhat quicklilvcr evaporater not only in 7vcu1 

but when expokd to  the ntmo@herc, 
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trary can be proved, that the tondenJatim Df ULZ. 

pour expfcd t o  the common air, d o c s  trot in any 
nimncr dcpcnd upon the  pr@ui.e if the air. 

All the fa&, however, confpire to prove that 
the tcmlpcraturc of the air bears ;I relation to the 
cotldeni'ation of vapour ; thus, the utniofi force: 
wliich vapour of 2 1 2 ~  can cxert, is equivalent 
to the weight of 30 iriclies of mcrcury, and any 
greater force than this, atling upon vapour alone 
of that temperature, will coriderife the whole into 
water ; and, if the temperature be lek, then the 
utmoft force or fpring of vapour is lefs, as is in- 
dicated by tlie table in page 134; and no doubt 
as the utmoit force decreafcs, the utniofi dcnfity 
will dLcreafe alfo, though probably not in the h m c  
ratio. Hence, then, atmorpheric air, hturated 
with vapour, is fuch wherein the vapour, confi- 
dercd abltraAedly from the air in which it  is 
diffufid, is at its utinoIt der,fity for the tempera- 
ture ; in fuch cafe, if a quantity of atmofpheric 
air. and vapour be taken, and mechanically con- 
denfed, a portion of tlie vapour will be cotidenfed 
into water, and give off heat;  on the contrary, 
if i t  be expanded, or, which amounts to the 
'fame thing, i f  a quantity be taken out of a re- 
ceivcr, the remainder will have its capacity' for 
vapour increakd, as has been already oblbrved. 

Though the prrffure of the air does not pro- 
niote the condenration of vapour, yet when the 
prcirure is removed, evaporation is pranioted ; 
for undcr the receiver of an air=pump we find 

that 
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that  the vapour frcin the wet Icatlier tifes as fait 
as i t  can be puiiipt'tl out, when the r a re fd ion  
has proceedLd t o  a certain degree. 

In order the more to illuflrate and confirm 
the notion of vapour here laid don11 \.VC !!la11 
now attetnpt to explain fiverat fa&, wliicli have 
been confidrtrcd a s  involving diaculrics, ant i  we 
believe fomt: of tlieiii have iievrr been accouiited 
for by others. 

Dr. Alexnndcr, in his FxpcrimcntnI Iyy, 
page 1 0 2 ,  informs us, that fro01 i ' o i ~ ~ e  expcri- 
ments he was induced to think, that  blowing 
upon the bulb of a tlierniometer with a pair of 
hand-bcllows ~ rou ld  cool it, but upon tr ia l  f'ound 
it was always heated I or rnore degrees by'the 
operation.-Now, i f  a thcrmomcter that  tins iuk 
been dipped in water of tlie f h ( *  tcniperaturc as 
the air, be blown with a pair of iiand-bcllows as 
above, it will be cooled feveral degrces. l'liefe 
two fa& I have proved frequcdntly, from rxpc- 
inent.-Again, Ih. Ilarwin (fee the  note, page 
136) found that air having been for home time 
condenfed, upon ruIhing out  a,yainIt the bulb of 
a ttierriiorneter, cooled it fc.verd degfeC5, aiid a 
dew was depofited upon the bulb. 

T h e  reafon of thefe apparently difcordaiit fdts 
may be explained thus : the conclcnlarioir of va. 
pour in a pair of hand-bellows will prcciipirate a 
portion of the iufi1li.d vapour, whicli givcs ofF ics 
heat to the air j arid thus the tetiipcratiirc ui the 

Dd z air 
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air  in the bellows being increafed, that of the 
thermometer, expofed to the cdrrent, will be 
increafed accordingly. In the fecond infiance, 
the water on the bulb of the thermometet being 
expofed to the current of air, quickly evapo- 
rates, and at t h e  fame time abforbs the neceffary 
heat from the quicktilver. But in the third in- 
fiance the heat conrequent to the condenfation 
was fuffercd to elcape, whillt the condeni'ed va- 
pour or  water remained in the air-gun ; the air 
rufhiag out was therefore of the fame tempera- 
ture as the furrounding air, and probably a great 
portion of the condenfed vapour reniainec! me- 
chanically mixed therewith ; a depofition of wa- 
ter upon the bulb of the tliermonieter wag of 
coude unavoidable, and this being refolved into 
vapour by its expofition, reduced the temperature 
of the thermomecer. 

In the Z'hilofophical TranfaQions for 1777, 
there is a very interciiing feries ol expcrirnerits 
hewing the ciFe&s of vapour in the receiver of 
an air-pump, when the air is exhauited; the 
experiiiirnts were made by Edward Nuirns, 
F. R. S. upon a pump on Mr. Smadon's con- 
itrucction. He ufed two gages, one of which 
was the coiiirnon barometer gage,  which was of 
m u r k  an accurate ineafure sf the force or ela- 
fticity of the iiiediuni of air or vapour within tha 
receiver ; the othcr,'callcd the pear gage, frora 
its fhape, confitted of a glafs tube, capacious in 
the middle, arid ending in a narrow neck, which 

waB 
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was clofe; the other, or open end, was, by a, 
contrivance fer the purpofe, let into a bafon of: 
mercury before the air from without was fuffered 
tQ enter, and upon its adniifion the quiskfilver 
w p  forced into the gage ; the fpace occupied by 
the air being then compared with the whole ca- 
pacity of the gage, gave the rarefaQion of the 
permarient eldtic fluid or  air.7l’he chief fa&$ 
obfervet1 were the following, 

I .  When the pump-place leather was foaked 
in water, and the barrel of the puinp well cleared 
of moilturc, then, after working the pump for 
I O  minutis, the rarefaoion indicated by the 
pear gage was very great, and exceeded what 
w a ~  obferved in any other circumfiance, whilfi 
that indicatcd by the barometer gage was often 
not ,$& par t  as grcat as the ocher ; alfo, it was 
obferved rhat the ratefaaion by the pear gage 
was /$s every t h e  the experiment was repeated, 
but that of the baroiueter gage was always the 

@ne at the fanie time. 

2. When the pump-plate leathet was foaked 
in water niised with fpirit of wine, the rarefac- 
tion by both gages was lefs than in the former 
cafe; but the refults in other refpeas were fimilar. 

b 

3. T h e  effees of different temperatures of the 
air upon the rarefallion were as follow : 

putnp-plate lenther tehSJhaRed in water. 

Air in the room 46°--laromcttr gage 84-pear gage 20000. 

$7 -56 -16ooo. 
Putnp-platr 



z06 Appendix, 
pumpp/ate feaihrr Ieing&akcd in wotcr ntixed whbjpirit of wine. 
Air in the room 46'--Laromuicr gage 76--$car gag; 0000. 

57 45) 1200.  

4.. When the  learhers of the p$on were foaked 
in water, the two gages nearly correfponded ; 
but the utniofi rarefaaim in this circutnfianct 
was very finall, being, for inltatice, 

In one pump - barometer gage 37-pear gage 38. 
In another pump ' 34 ' 37.  

5. When the pump, &c. were dry, the baro- 
meter gage was fornetiriies lower after working 
the pump 5 minutes, than after the operation 
was continued 5 minutes longer. 

6. When the pump and plate were both dry, 
and the receiver cemented on to the purnp-plate, 
the two gages nearly agreed, the rarefa&inn by 
both being about 600, in damp weather ; but in 
dry weather, and in a i t i l l  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 rarefaaion than the pear gage. 

There fa&, Come of which the ingenious artilt; 
who made tlie experiments accounted for, kern 
molt or all of them capable of a OtisfacZory ex- 
planation upon the theory of vapour we are here 
maintaining. -When the pump-plate leather is 
foaked in any liquid, and the preirure is fo far 
dirniniihed that the liquid boils, or turns into 
vaporr, it is plain the preflure can be no further 

diminiflied i 
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diminifiietl ; and in fuch cafe, when the pump is 
wrought, it tnufi draw each time a portion of 
the remaining air alorig with the vajmur, and 
thus the air in the receiver Fdmits of a diminu- 
tion almoll. lid in$n"itum, and vapour generated 
inltantaneoufly fupplics the place of the air with- 
drawn ; when air is I t t  in, the vapour in the pear 
gage is condenfed, and there rernains nothing but 
'the frnall portion of air, with its faturating portion 
of vapour, at the top of the gage.--'rhe reafon 
why the repetition of the experiment decreafed 
the rarefalition by the pear gage, was, that the 
frcquent condenfations of air and vapour in tlic 
barrel of the pump mutl have produced a depo- 
fition of water thete, by which the effeR was 
foorier at its neplus illtro; for, when the vacuum 
of the barrel is not perfee, the quantity drawn 
from the receiver in a given time mull  be Ids 
than otherwife. I have no doubt if the experi- 
ments had been repeated often enough, the lea- 
ther of the pifion and the valves woiild have been 
in effetl foaked with water, and the refdt as 
Rated in the 4th fa& : in this cafe, as foon as the 
fpring of the air in the receiver is weakened to a 
certain degree, working the pump does not avail, 
becaufe the vapour in the barrel, together with 
the refifiance of the valves, is juR fufficient to 
countera& the fpring of the air within; hence 
the rarefatlion by the pear gage is then fcarcely 
greater than by the barometer gage. 

Experience proves that fpirit of wine rifes 
dioncr into vapour than water j confrquently the 

rarefaQior 
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xarefaCtion by rhe pear gage, when the pump iu 
wrought a given time, mufi be lefs than when 
water is ufed. A b ,  it follows apriori, that the 
cooler the circuniarnbient air, other circuni- 
fiances being the l'auie, the greater mult the 
rarefaQion be by both gages. 

When by long pumping a quantity of vapour 
i s  colle&ed in the barrel of the pump, I con- 
ceive a portion of it tnay, during the aperation, 
&ape again into the receiver, this will account 
h r  the 5th fa&. 

I do not fee how the 6th fa& can be explained 
without fuppofing that the elai1icit.y of dry air, 
when greatly expanded, decreafes in a greater 
proportion than its denfity; it is true that the 
increafe Qf cold in the receiver, and the lefs vap 
pour there is in the Fir at firl), the more will the 
rarefafkion indicated by the barometer gage ex- 
ceed that of the pear gage; for, it cannot be 
reafonably fiippofed that when the rarefaeion i a  
at.its utmott degree, the proportion of vapour to 
air in the receiver i s  no greater than at firfi ; I 
conceive, therefore, that the air condenfed in thc 
pear-'gage is a1way.s faturated with vapour, unlefq 
perhaps when the vitriolic acid is in the receiver, 
and sf courfe its bulk, tdteris paribus, greater 
than before: but this alone is not fufficient to 
account for the obfcrved digerences of the gagec. 


