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I j E N  I firlt adopted the rerolution ta 

refult of my inrtcorological' obfervations, which 
was about twelve monihs ago, my privcipal de* 
fign was, to expldin'ttie nature of t ~ i e  different 
in It r u in en t s u fed i n I t i et c or o log y , part i cu I a r I j I he 
barometer and therfiomcttt; As tlir nuInbcr 
of rhefe is inc 1y of thellrl UIUft; 

fall into hands acqwintcd with 
theit principles, 'and niay therefore II 

them in lo grea! a degree a8 0th 
which reafon, a fliort and clear cxplanation, w i t h  
a *ferira of obfervst iqns fcfving tyrrhcr to illu- 
firate and exemplify the piinciples, and a few 
praAical rules for judging of t h i  weather, de- 
duced from rxpcririice, kemed to me to proniife 
utility ; *whilTt the olkrvations thedelves  would 
be an addition to the flock already bet'orc the 

c, and inight perhaps be fouiid I'ubferiicnt 
e iniproveinent of the Ccicncc. 

offer thr public, in this mauner, ' the ' 

Soon after this, having difcovered til 
9 Q U Y O ~  boretlh to inagnetiftn, in 

ner dercribcd in the int rodukhn to t 
P O  I found, 



3V PR E FA C E .  
I found, that in  order to eftablifi the difcovery, 
a pretty large diiTertatian would. be required, 
which iiiulf, of courfe, he addreffed mure pecu- 
liarly to philofopherb j this neceflarily enlarged 
the work, and became a primary confideration, 
though the original defign was Itill kept in view; 
I concluded afterwards, that the work fl~ould 
confifi of two parts, the firfi of which wae to 
contain the FubItance of the original defign, 
namely, a brief explanation of the nature of the 
inhuments, and a digefi of all the obfervations 
I had made,' as matters of fa& ; the fecond waq 
to contain the e&y or differtation on the ailrura 
borealis, together with fhort theoretic remarks 
on the different phenomena of meteorology, 
which I intended to felr& chiefly from the befi 
accounts I*could procure ; however, not having 
by  me all the books I could have dcfired, I was 
neceffarily, and perhaps luckily, forced to con- 
template a good deal on the different ftlbjeBs, 
and to try fuch experiments as were within iny 
reach. The refult was, that feveral things ot-  
currcd to me which were new, at teait to mykff ,  
and which throw liFht on the different branches 
of natura\ phildophy, arid of ineteorology fn 
particular. 'lhefe 1 have thrown into the form 
of EEdys, in which ate alfo. given, fuch ufeful 
&fcoverics and obfervations of others as feemed 
neccffary to be known, in order to form a proper 
idea of the prefent Bate of the fcicnce, and of thb 
improvements that are yet to be made in it. 

Ill 



P R E T'ACE. 
In the firlt part 1 have given not only the 

obfervations made Bt Kendar by myfelf, but alfo, 
with his leave, thofe made at Kgwjck by Mr, 
Cvo/lhwaite, keeper of the mufeum at.that place, 
together with obfrrvatibns on the barometer and 
rain, made A t  London, for three yearo, taken 
froin the Phiiolophical TranfaBions. The refultr 
of the feveral' obfervations I have arranged and 
digelted tp the belt of niy judgment. The ob. 
fervations on the height of the clouds, and on 
the aurora boredif, particularly the fupplemental 
ones, are new, and, I fuppore, in foine refpcas, 
original, having never k e n  any other of a Gmiliar 
nature publihed. 

In the fccond part, the f i rn  efliy, though it 
contains little or nothing iiem, will be found a 
proper introduEtion to the fdd'equcnt ones. 

The fecorrd e&y, caitriining the theory of the 
trade-winds, was, as I conceived when it was 
printed of, original ; but I find fince, that they 
are explained on the very fame principles, and 
in the fame inaniicr, in the Philofophical 'Iran- 
for 1735, by Georgc Hudley, Efq. F. R. S.-Sca 
Martyn's Abridgment, Vol. 8, part 2, page 500. 

The third effay, on the variation of the ba. 
tomcter, 1 ihould fuppofc will be confidered ao 

me merit; i t  is new to myfalf, but'as I 
am not well read in the modem pro$u&ic;ms an 

the 
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the atmofphcre, 1 cannot fay it will bc found cn- 
tirely Fo to otliers, it may be propcr to obkrvq9 
thkr I had not adopte! the theory ol' vapour 

ich is maintained in the fixth effay, when the 
third' was printed ; but f know of no marc:rial 
alteration I would have made in this'eflay, had 
it been otbcrwife. 

The fourth and fifth effaps are chiefly kleEted 
from the publications of others, except t i n t  in 
the latter I have offered fdme new thoughts on 
the e5eQ of the Gtuation of countrirs upon their' 
temperature. 

In the fixth eKay, amongfi other things I have 

entirely new, and will be 
folve dl the phenormna of vapour we are ac- 
quainted with ; 1 have attempted to folve kvcral, 
particularly in the appendix. 

In the Zeventh egay the relation betwixt the 
barometer and rain is inveitigated, froin the ob- 
Eervations in the fitR part ; fomr: conclufionh are 
t$ence obtained in nipport ofrtheory, and from 
which feveral ufeful and praltical obfervationr 
may be deduced. 

Thc eighth 4 1 y  is the large ant on thc 
mirer4 bw& which I have divided into fig 

fcaions ; 
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fe&ions ; this will .no doubr at 
of phil6fophrro. The reader 
b m g ,  that Lhave fpoken of the 

an original one ; 
158, 1 had not fee 

of the Philofophical Tranfa'aBions of the 
Society ; but I find froin it th 
ingenious' Qr. H.d/ey formed 
account forbthe aurora borealis by ma 
in the Abridginetnt by rones, ' 
find, that the DoRor, after 
qulars of reveralo appearance 
t h e y  are occafioned by the 
and he endtaSours to illuit 
by placing a tcrellu, or 
one of its poles upon an h 
with' ltcrl filings, which being done, the filing&' 

ious Itraight lined and curvilinear figu 
g as they are fitgate near to or diffant 

magnetic pole ; t . he thinks are 
analogous to the brains of aurora bmalis: 
,The /i$Jit of thr aurora he is pretty much at. a 

account for, :IS ele&ricity was then but 
€My known.-If thef' hints of his had 

been purfued by others, the fa& would undoubt- 
edly before this have been eltablilhed, 
betrnrs $ the 'aurora borealis 

]lave ainufed the 
ning various other theorieq to a 

e phenomw,, ~ ~ f t  of which are e 
gant, 
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gant, not tu fay ridiculous, M. Muiran's godiacal 
iight not excepted. Notwithitanding what thc 
karned DoQor has fuggeeed, I pfefumc it wiil 
be allowed, that the above mentioned fa& h;ps 
mt hitherto been afcestained, unlelb; it be done 
b the following work. 

Whillt I a f i  blaming others for framing fan- 
ciful theories, perhaps the cenfure may be re- 
Oorted upon rnyfelf.--'l'he fourth feeion of the 
ciray in qucition, entitled the 'theory of the 
aurora borealh,' will perhaps be regarded by 
many as yild and chimerical; but the fu#g 
which 1 have endeavoured to afcertain,' refpelt: 
ing the aurora, will excufe tne 'for a morn'entary 
indulgelice of the ideas of a vifionary thebrift, if 
t%ey be confidered as fuch. 

The appendix contains the refult af lhr6rnc- 
tricd and other obfervatinns to determine the 
ficight of Kendal and Kgwick above the fca, 
more exaCtly rhan is. ftated in the prclFminary 
remarks ro rhc obfervarions on the barometer; 
alto, an account of rhe heights of fomc moon- 
wins in the ncighbourhood of KeJuricR; it con- 
cifides with a further illuftration of rhe dofirine 
af vppour, and an explanation of Pome fa& rem 
faring therero, particularly thofe abferved irr 
wrking the air-pump. 

It will be fufficienrly etidcnt that I h a v e w e  
ktd ab fupcmMana affifimw 60gt boob, irrt 

providing ' 



hich had formerly’ be 

b able 
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ry qf the propcfs ,of natural 

Dr,$ialiey publiihed 
mfafibpa, a theory of 

ct univeriilly adopted ; 
ral modern produltiong 
it is found, and do not 
ins any other. The 

coutd be fuggefied, and yct 1 do not find that 

of the faid 'l'ranhkiiqms, a rational and fatisfao- 
tory explanation of the tinde-winds i but where 
elfe hall we find it? 

Marhhflcp, Sep. 2 I ,  ? 793. 
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METE 0 R 0 L 0 GI CA L 

DBSERVATIONS AND I S S A Y &  

PART FIRST, 

QBSERYAI'TQNS, 

Ic-mcln 

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

Of the Barometer. 

HE barometer, or common T confifis of il itraight 
inclieg long, and op 
filled with quick afterwards inverted 
into a baron of uid, by applying ci 
finger to the open Pnd, fo a s  to exclude all air 

g the tube; in this cafe, the finger 
rrjwn, and the tube erc&e 

B abovcr 



2 Of the Barometer. 
above the furface of that in the b$dn ; it is the@ 
applied to a frame, with a kale graduated fo as 
to mark at dl times the height of the column, 
in inches and tenths, &c. The infirument thuq 
completed' is called a barometer.-It is d u a l  
now to blow a* pretty capacious bulb 'at the open 
end of rhe tube, and then bend the'tubk a lirtls. 
above the bulb, fo that the bulb may fiand up- 
right, leaving a littk" orific,c. in*it to admit the 
quickfilver ; then the tube being filled as before, 
upon being .inverted, the column of quickfilver 
in the tube ftands at the height of 29. or 30 
inches above the furface of tbat in'the bulb, as 
in the former cafe. 

The reafon of the faQ.may be explained thus 7 
every body that fupporrs another, bears all it8 
weight; therefore when the furface of any non, 
dattic fluid is expofed to the air, i t  bears the 
weight of a column of air whore bafe is equal IQ 

the faid furface, and its height that ofothe at- 
mofphere, fitp,pclf'd to be 40 or 50 miles; now 
though air be a very light fubfiance, being in its 
dual  itate5 at 'the earth's fuiface, about .&tk 
part of the weight of an kqual quantity of water, 
ykt  fo prodigious a column of it  as that above 
mentioned, has a very confiderable weight ; 
moreover, it is a fundamental principle in. hy- 
droitatics, that the p r e i b e  upon the furface,of 
a fluid muit be the fame on each part, or the 
iuid will not refi .till that is .the cafe.; if, there, 

fore, 



Of the Barehietcis 3 
fore, the prcfibre be removed from any place of 
tiia furface, eithef wholly or in part, the fluid 
will yield in rhat place, and afcend till the we@! 
of the column of fluid above the furface, toge- 
ther with the preflure, upon the column, if any, 
are equal- to the general preffure upon the fluid 
in every other p a r t . 4 n  the cafe of the baromei 
tcr, there is a v u c i ~ i  at the top of the column, 
and confequcntly no preffurc upon its furface; fo 
that the weight of the coluinn alone balances the 
prcffure of the atmofphere w-ithodt, upon tho 
furface of the fluid in the bafon, This e9uili.l 
Irrium, betw2en the mercurial colunin and cod 
lumn of air, is very clearly illufirated and con. 
firmed by means of the airqmnp j for, when -a 
barometer is inelofed in a receiver, as the air is 

crcaftd, the mercurial column defcenda I). 

tionally. It,uppears then, that the. weight of the 
air Cupports the mercury in the barometer, and 
that the weight of the.mercuria1 column is equal 
to the weight of a like colunin 
to the top of the atmofphere, 
tube is bent at the bottom; an 
fame reafoning, joincd to the principle that fluids 
in bent tubes always rife to the fame height in 

$ each leg,,when thcy\are both open to the atmof- 
phcre, will explain the fa& in this cafe; 

enhauited, and its preffure of confeque 94 

Fro confiderations, the wei 
here may be readily fou whole 

B 2  iu 



4 Of the Baromelen 
'is cquat to the weight of a quantity of quick. 
fiber fufficient ta coversthe whole furface of die 
globe to the height of 30 inches nearly. 

The great weight and preKure above afcribed 
to the. atmofphcre, and their effeas, are aifenred 

by philofophers of the prefent age, without 
ple; but people not much verfant in phi lo^ 

fbphical enquiries admit thein with relu8ance ; 
they apprehend, that if bodies were prefled with 
the force above mentioned, which amaunts to 
about I Slbs. avoirdupoife upon each fqquare incli 
of furface, the e@& fhould be obvious ; whereae 
it is found that bodies of the flighteil texture 
are unhurt by the atmolphere,-and the great 
€acility,with which bodies are moved in the at- 
nrofphere, they conceive as another obj,je&ion,-- 
Perhaps it may be fhpe help-to theft? to obferve, 
that the atrnokhtre prefies equally upon bodies 
in cverg dirdtion, and has therefore no tendency 
to fcpa&c their ; and, as for the refiltance 
which bodies m ith in moving through the 
atrnofpbere, it is roportioaate to the pr@re 
of the atmofphere, but to its derrJty, which 
bein8 very little, as has been obferved above, 
the rcfiftance is fmll, 

The barometer wag mvented in 1643, by 
Torricelli, ar Florence, in Italy.-The pheno-' 
menod Coon,. attraAed tbe notice of philofophers 
of that age, and the more fo, as it feemed ta 

prove 
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prove the cxifkence ~t a vacuum, when the a$+ 
Qion of its non-exifiencc was general, and the 

would have. been accounted for on 

bnmeaning hubtilties, to get rid of. the 
whilit many began to guefiion the truth sf the 
maxim itfelf. At length it was clearlyA proved, 
from the inltance in que8 
phenomena, that the ,maxi 
to the laws of nature; the 
CUI) in the barometer was attributed to its true 
daufe, the weight of the air; and the fpace at 
the top of the tube was afccrtained to bc nearly 
ti perf& wcs~unt, or fpace void of m 
dii'covery, as it led to that of 
Qthpr important ones, is jun 
of the p a t e i t  in the lait century. 

Torricelli, the inventer of the barometer, ob- 
ved,. that if it wao fuffered io fiand for a length 
time, the height of the mercury 

erpetually varying, though its wb 
elsceerd 1 inchca at that pla 

d, that this variatiw 
nity to the weatbcr, the 

tieing 
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being @nerallg low in windy and rainy weathcfd 
and high in ferene and fettled weather, which 
hircumitance procured the ififtrument the name 
of weather-glaj. This difcovery propifed to 
bc of the utmoft importance t 
enabling them to forefee thofe changes in the 
at re, the lrtiowledge of which .'weas fo 
in g to them, and the rnoft Gnguine ex+ 
peaations were: ,e'ntertaincd on the fubjclk, . The 
experience of a century and a half has,now been 
obtained, from which the barometer docs not. 

ide that it was once 
t is certainly a very 

e?, in the hands off 
a, judicious and ki l ful  obfervea,-But of 'tlriQ 
more irerailfter, 

SEVERAL ingenious contt'ivances have been 
afed, by different perrons, to' make barometer@ 

ample range, in arder to obferve mi- 

but all thefe are liable to fuch objeQions as ren-+ 
der the common upright one preferable, 

ions of wcighr in the 

Thafe who wik ro make barometrical obfer-. 
order td compare them with others, 

'09uld be well aflured of the. accuracy of, theif 
inflruments;-fuch as incline to make their in, 

m&ts themfelves would do well to attend to 
following particulare, 

That 



Of the Barornetan+ 7 
That the tube be not 1efs than one4ghth  of 

an inch diameter within,. 

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

That thc infidc of the tube be pcrfei5tly dryrr 
and the quickfilvcr dryswhen put into it. 

If therd be any moiiture in the tube or quick. 
filver, it expands ihto an elaltic vapour when the 
prcffurc of the air is removed, and, afccnding 
into the vacyum, deprefles the inercuriql’ c o l g ~ ~ n  
i‘ometinies’ to the a i i w n t  of on 

below its’prope! 

warm hand to the vacuu?n, and the mercury wilt 
fink confiderably ; but it will nqt be affeBZd if 
qlear of mqifiqre,-Alfo, if upon a gentle ag& 
tatipn‘of the barometer in the dark, there appeaq 
a light in the vucaum, it is a fign there is little 
or no moiiture. 
the quickfilver rife t,o the ‘top of the tub 
completely fill it, leaving n”o, fieck, it is clear 
of air. 

ifccwet n1oiftut.e 

If, upon a gen’tk inclin 

”$he kale in firiQnefs ought not to *be fun 
inches, but fomething lef8, owing to the r i f i q  
and falling of the furface of the rcferwir, If the 
tube have a bulb, then the area of the furface at 
the top of the column, dividcd .by the 

arcw 



b) Of tbe Baromctep. 

the top and refervoir, will give the part.. 
edu&ed; but if the tube be firaiglrt, 

then the whole area of the refervoir, leffrened by 
the" area b€ the annulus, mad9 by.a hori- 
xontkl feaion ofa read  tube, muk be ufed 

f the fratlion; hence, if 
n bb &, then the kale 'of 3 kncheg 

the detail of obtervatiom, it will bo 
p6pet to  defcribe the fituation' of the place8 of obrervation. 
L T h e  latitude of London is sio 31' N,-Kendal is f i= 

3 s . O  $7' N. long. 2 O  46' W. There lice an 
it in every direation, )ex* 

5undrcd yerde* J fome are nea 
miles. St. Gcorg:."r Cbntmei 
at Cpring comes up the river 
but low water is at a great 

45 yards above the level, of 
lat. s.+O 33' N. long. 30 3'+ 
the centre of a mounta'inouc 
fi mountaine in the irbrth of 

It is 16 milee fm the' 

The 

* Btntm-inot Is sa6 yards abwe.thc wcl of the riier j JPb!@hbracon 
fr 500 yards rbve the f i e  8 md K;imlirIfi// fiom I bo a hud& yard&. 

t It may nob be amilb to remind the, young Tyro here, th t  the bighe, 
M 

England are in ita neighbourhood. 
C'batind, and perhaps about 45 yards above its level T. 

qrp place is a w e  r ~ c  leve~ ot mC ha, (216 ~ e r  MU the meclri'itrc: 
bHUmBr be at that plaec. 



Of tbc Bnronieter. 9 
T h e  obfervations at Kcnrlul were made by the author, 

thrrc times ench day, namely, betwiit  G and 8 o'clock in 
the morning, at noon, a i d  at 8 or IO i;i the ev 
Thofc nt  KeJwicA. were likewife made three times each d i l y ,  

the morning and noon obkrvatione about the i'iime tinre as 
'at Kcndd, but tlie evening obfervatione were made 
in  the winter, and G in the funlmer; the obferver 
Cr@wunitc, R gentleman, who, befides hie attention to mete- 
orology, has been for fevcral years pail afiduoufly fiirnihine; 

a mufium, fop the entertainment of tlie toiiriflp, at pident  
confifiing of a great variety of natural a i d  artificial produc-. 
tione from every qiinrter of the glol)c, fofils, plants, &c. and 
he hae alfo mxde accurate furveys of the  lake^. 

T h e  obfervatione at  L o t d o n  arc taken from the Pllilofo- 
phicdl Tranfafiions of the Royal Socictp, being i hnfi n d a  
there by order of tlic 
twice r day, namely 
and February at 8 A. 

With  refpeEt to the barometers at Zf~riitlul and: XfwiiS, 
they wete both clcor and moilture, and cxliibiltd .the 
deikric light in the d Thc~fctrlee WCI'C both sui/ iriclrcs, 
and therefore the variations were lomewbat greater than rlre 
obfervatione denote thcm.-Absut rLJ fliould have trccir d- 
lowed upon thcrn. 

In the following account we ha n the mean Aate of 
the barometere, a t  the rafpe&ivd for each month of' 
the year, and likewife for the whole year; togctlrcr with the 
bigheit and lowell obfervations each morrth, and tlie t h e  
they took place j RB alfo the direaion of tlie wind, nn 

the time : the ,dirc&ion we have ufiirlly 
me one of 8 cquidiltint pointa of the c 
ngth io denoted by the tigures Q, I ,  2 

ely, the 6rfi morking a calncl, or vcr 
brcege, and the lait ir hurricane. 

C TIN 



10 Of the Barometer. 
The obfervations at London are only for 3 years, becaafc 

the later ones could riot bc pr'ocured ; tliofe a t  Kendal and 
K$wick for 5 yeare, ffom 1788 to 1792,  inclufive. To the 
end of thefe, is added the mean monthly fiate of the haro- 
meter, found from the means of the 5 years, as alfo the mean 
upon the extremes, the former of which i s  corre&ed, on ac- 
aount of the variation6 of heat in the different monthe, by 
which the quickfilver in the barometer ie contratted or di- 
lated, though retaining the fame weight.-We have alfo 
Zummed up the fpaces defcribed by the quickfilver each 
month, noted the number of changes from afcent to defceng 
Pild the contrary, and found their amount for the year. 

By the rncanjatc, applied to obfervations, is to be tinder- 
Rood the fum of ail  the particplar obfervationo divided by 
their number, 

T h e  upper part of the following tables, having RO a5bre. 
riatiom, ie fufficiently explicit 1 and in the under part, 
which contains the days in the feveral qontha on which the 
biglieit and IoweR obhrvatione were taken, and the winda at  
thofe times, we have ufed H, for high&, L, for lowen, 
m, for morning, n, for noon, and nt, for night. 

N. B, Kendai beare N. 30° W. fro@ London, diftanb 
nearly 226 Engliih milca, meafured on a great circle of t h e  
earth; Kifwicl. beare N. 3s0 W. from Kendaft diRant 2a 

qnglilh miles, meafured on a great circle, 



BIlferzrntions bn the Barameter. x t  

crrlm 
SE I 

(d) And ra m. $W I .  
( d )  i h d  3rm. S W  1. 
dg) And 16 m. NE 0. 

(6) And sa m. NE e. 
(9 Antl an. SE. 1. 

(c) And J I n. END I ,  
(f) And S n. NE I. 



4 0 )  And 27 m. SE I. (b) And a7 m. SE 0. (c) And 4n. alfozz n. Sa. 
And 4 nl h. 11. W I. (9 And za m. W I. alto 3 8  m k n. SSP I. 
And 28 NW o. 



Obflrvvntions on the Barontticr. $9 

u A Q ~  3 all dny E 1. (b )  And 3 all day N W  I. c And 1 3  m. NE I, 
[d{ And r j  n. NE 1. ' (1 And r s  rtt &n. NE 0. {A  And '17 m"$ a. 

NW1.alloz6tn.WSWx. (~) )Andiom&n.SWn. ( b )  And xa 1 day 
NW 0, rlfi 14 11. & 18 m. SW 0. 

( k )  A i d  13 nt ic a7 nt, NE f r  
('i) And 26 ma WNW 1. 
( I )  Ea, SB 0. 



Owervatiotti on ihe Baronieter. 

7 

Mean - 
29.33 

30.06 
29.72 
29.94 
29.89 
z9*7G 
29.96 
30.04 
29.62 
29.58 

29'83 

higheft 
30.22 
30.47 
30.59 
30. I P 

30.19 
30.22 
30147 
30.34 
30h47 
30*'5 
30.28 
k i i  

i0 .37  

1791. , 
KENbAL. KESWICK. 

I__ 

IowcR Mean higheft ' loweft 

29.00 29.77 30.42 28.85 
28.88 30.01 30.51 28.82 
28,97 29.66 30,11 28.91 

29.50 29.86 30.17 29.40 
29.22 29.71 30.19 29.11 

ag.31 30.01 30.31 zg.rg 

_I_ I_ I- --- 
28.40 29.23 30.17 28.31 

29.22 2()*5)0 30137 29.0:5 

29-47 29.91 30.48 29.29 

29.sr - 
29.77 

I 



Ohyhwations on the Barometer, 'S 

'792. 



16 Objkvations on the Baronreter. 

Q a N E R A L  O E I E R V A T I O W .  

It wiU be feen from the above accountg, that the bato. 
v t e r  i s  generally higheft arid loweit about the fame time 
a2 all the three places; and if the obfervations had bren all 
tqken a t  the fame hour, it would have been h u r e  generally 
tHe cafe.-Whenever t h e  barometer happens to be at  tho 
nGnthly extreme at  one place, and not at  another, I f i n d  it 
is;alwuye near it a t  the other; the greattft differences i n  this 
r8pe& feem t o  take place about the lower extreme, and to 
b4 occadotied by rain-ilids, wl\en it happen8 to  be excef- 
fively heavy rairi a t  one place, and not at another, the baro- 
mkter is relatively loweit where the rain falls. 

Mcanj’ate of the baromefcr at Kendal rind Itefwick, for t h  
, for eacb particular month of the year ; iogehr 

with the means Npon tt!v extrcnicz .f high and low, and the 
mcun monthly range. 

The 

* The means in chis column are correlted, on acoount of the expanfion 
of .the mercury, by heat ; the corre&ion is made by iiicrenfing the hc.ght, 
in &ha colder manths, find leRsning it in the warmer months, 
(D tha*defe& or axcefs of tcmpcrature, rclath*to the me 
exraado .03 cf an inch. 



Ohjrzmtibns vn tba Barometer. '7 
T h e  mean monthly range at London, upon an average of 

the 3 yeare wrthavc given, ia, Jan. 1.7 j inchee, Feb r.33, 
March 0.96, April ozgg, Ma? o 70;'Jnnc b.83, July 0.63, 
Aug. 0.79, Sept. 1.02, OA, o.cjg, Nov. 1.34, Dec. 1.36. 
Mcnn range 1.06 inchee. 

20 

21  
2 0  

ao 

19 
16 
aa 
' 9  

ao 

- 24 
24' 

2 0  

2 0  

A Table of the mean.Spaces d+ribed by the ntcrcu 
delermisrtl by fimining up :be fmuralJnnllSpa 
@ended; dj the mean numler of cbarves Jr 

f icnt.  and the contrary, each month, it being recloned a change 
when thc&ace d@ribed it upwards of .03 of an i n c L - 7 h r  
menns arc foe 5 years, at Kendal and Kchick.  

D 



6 . E C T I O N  S E C O N D .  

Of the Thermometer. 

H! next important inltrument in ineteorr 
ology is the thcrinwucter ; by which tlic 

teoiperature, or degree of k a t ,  'of the air and 
other bodies, i s  deterrnined. An infirument 
under this charztCter was invented prior to the 
barometer, but never brought to a tolerable de- 
grce of perfdtion till the prtfent century. 

Phild(>phers are generally perfuaded, that the 
fcnhrions of hcat and cold are occafioned by the 
prcfence or abrence, in .degree, of a certain p i n -  
ciplc or  quality denominated j r e ,  or beat;-thus, 
whcn' any Cubfiance feels cold, it is concluded 
the  principle of heat is not fo abundant in that 
fubltancr: as in the hand ; and if it f e d  hot, then 
more abundant. It is nlbh ptobable, that all 
f~lbfiances whatever contain niorc or lefs of this 
principle. Refpelling the nature of the prin- 
ciple, however, tliere is a, diverfity of fentiment : 
foaie I'uppofing it a fuvance, others a quality, 
o r  property of rubfiance. Uocrhaazre, followed 
by  :noit of the moderns, is of the' former opi- 
nion ; Newton, with fome others, arc of the 
Latter; thefe conceive heat to confiIt in an in- 
teri:al vibratory motion of the particles of bodies. 

Whatever 



Of she Thcrmonreter, '9 
Whatever doukts may be etitcrtained rc.fixA- 

ing the car@ of heat, many y i  its cffcds are, 
clearly afcei tained : in treating of :hofi* 
it is qxpediept to adapt o 
other of the fuppofitions 

a JuLJtnce, uiider tile dh;nomination of fire, 
or +beat. 

One univcrfal eff& of fire is i t s  expanding or 
enlarging thole bodies into whicli it enters; 
which bodies fubfide again when the fire is 
withdrawn. Soli& are lea& expanded by it  i 

)irits, &c. are inore 

fo as it may\rti& into the 

fuch an inltrument, when applied to a frame 
properly graduated, is called a thermometer, 
Qifirent fluids have been occafionally uled for 
thermometers, but none is found to anfwer Ib 
well, in all rifpeEts; as quickiilver. 

Boiling 



TO Of the Tberrnometer. 
Boiling water is of a cofifhnt and u'niform 

temperature at all times and places, praoidea 
the barometer be at a certain height; and 

metcr ; *there ate' called &e boiling and freezing( 
points, and are marked with 212' and 'j2" &re+ 

common fcale, or that of 

and ,below t h d e  ,points, ad libitum ; when that 
e counted from it, 

Aeautllur's fcale, ufed by fome sphilofophirs 
8 the frcezingcpoint wid3 

THl3 
* The Tyro wijl plcafe 

doce not imply a total dep 
* y term, and there would .have been no lcfe propriety 

lling it xooQ, or I O O O ~ ,  thio DO. 



the refult of obfervatione on the therm 
, at  Kendaf and KcJwick, 

&dm r@l .m r79zj.irrdoiivc. T h e  
prwcen 61,and 8 o'clock i t 
2 or I ; the-night obftrvatio 

tb bc moticed in the cornpatifon. 

The fituarion of the thermometers mo, ,is another par- 
+xaIar th'at fliould be adverted- to ;-that at &ndd dae 
\kitho!it, i t1  a ,garden, u o d i  the hade of a pretty large 

oofcbcrry tree, facing the north: the gardea 10 o p c , a ~  
t,ie 1 oauntry in-the natth, and has houfee a t  ihe d i k q o e  of 
4 or LO yards to jthq fouth. Th:: thermometer Nt, Kdw&$ 
i's fituate near, but not in contaA with, the wall and window 
of a houfr facing the north, which ie open to  the ronirtry : 
i t  is abotit 5 yards d ; the fun never Ihincc 
on i t  i n  winter, aii ks in" hummer, 'and that 
early in thr morning, long before the obfcrvation ie taken. 

From thefe accoittfte il"h ~ b v i ~ b e  to infqr, that th r  ther- 

The following tablee, $it ie, prchmed,. will 
n a tabls-crrch ycwr 
utnta qf .hurt and cold happened ur?L 

xpliqit ; we i aye en whicl 
each place, ao with the barometer, 



ObJervatiom on the Fhermomtw. 

AT KENDAL, 1788$ 

A T  KEIWfCK,  1788. 

(The oyetwations on the thermometer 0: Kefwick this year w e r e  
not comple1c All M a y .  ) 

I 788. 







Overvations on the ~bernio??irtcr. =S 

Mean high. - - - _ .  
t o (  

40 $9 
46.2 54 
50.7 58 

59.8 7' 
61.7 76 
60.9 67 

54365  

3_9AL2_2- 

50.1 5 8  

6 1 ~ 4  71 
56.7 68 

4+' 53 

Jan, 
Frb. 
Marc1 
April 
May I 
June 
July 
Aiig. 
Sep. 
OA. 
Nov, 
Dec. 
an. m 
- 

low - 
31 
39 
39 

5' 
5,3 
54 
56 
51 
47 
34 

40 

AT KENDAL, 1790. 
c Morning. 

VIeJn ,high., low 
L+&- 

0 ,  e 

43.0 
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Nor)n* 
Eean tiig!]. ]OW: 

-7 0 
48 32 
50 36 
55 39 
67 42 
73 44 
81 48 
78' 5' 
74 48 
79 52 
60 42 
53 39 

33 42 20 

5z 
- 

AT KENDAL, 1791. 
1: 

Mcan 
38.8 
36.5 
40.5 
44.' 
45.' 
5 2 . 2  

54. 
53.8 
51.5 60 42 
43.9 57 24 
39.3 50 28 
3o.t 46 910 

44. = 

.--o 

-I 

- 
0 

40.4 
41.9 
47.2 

63.8 

52.8 
56.5 

63.5 
643 
63 4 
51.8 
45.2 

high, -. 

4R0 
46 
48 
55 
6! 
62 
66 
62 

& 
3 0  
28 
25 
37 
33 
40 
48 
46 

55.7 
57.3 
57.6 

46.a 
41.3 
39.7- 
46.6 __. 

t Thermometer at 84 PI M.-6* j at ghFzoo, and till IO P. M;FJO% 



Morniti 
h%in-hkh 

319 4s 
35 * 47 
40.4 47 
43.4 54 
47 64 
5482 70 
564 7 0  
55-6 64 
53.2 66 

----...I 
o c  

43-5 ! E5 
39 *I47 
29.9 39 
448 

* Thcrmometcr at 4 P. M. xs0 j at IO PI M. S o  j at )I A. M, 60. 



ab 

7 

Jan. 
Feb. 
Marc1 
A t r i l  
May 
June 
July 
Alg. 
&pt. 
OB. 
Nov. 
DCC. 

an. me 
c_ 

-L_ 

_L 

Jan. 
Feb. 
Marck 
April 
May 
June 
July 
Aug. 
Sept. 
OA. 
E. - 
an. mp 

Morning. 
high.1 loa 

32.3 46 X I  

38.2 48 '20 

52 .1  61 148 
56.1 62 I f i f  
55.666 148 
47.6 59 134 

37 49 18 

45.3 52 '35 
45 52 136 

44.3 



T h e  monthly and aqnuul means o€ tho. tbsn&omcrer, 
upon 5 yeare, are ae under. 

The 



p ,t?&wat;otis en the ThernnometeS. 
T h e  annual mean at  KeJwick may perhapn be Aated more 

accurately a t  460, as the evening obfervations were taken- 
too foon to give the true mean ten-qerature. L t  may how- 
evek be proper to obferve hue,  that the time or time, of 
the day at  which the obfervations ought to be made, in or- 

e true mean, hae not, that I know of, 

I I made the following obfervatione on the temperature of 
a pump well, the furface of which i e  ufually from to 6 feet 
below that of the ground ;* at the end of January it8 heat 
was 4 5 O ;  February, 4 5 O  ; March, 46c ; April, 4 6 O . j  ; 
May, 4 8 O ;  June, 50" ;  July, 5r0; Aiigufi, 5 2 0 ;  Sep- 
tember, so6 ; Oaober ,  4W.5 ; Novembur, 4 7 O . 5  ; Decrm- 
ber, &O-'I'hefc obfervations give an annuql mea. 

'of 47'68r 

About the middle of June, 1793, 1 found the temperatiwe 
of feveral wella. in Kmdul, after having p o m p d  a few gal- 
lons of water from each ; fix of the deepefl, being' front 5 to' 
IO yards below the furface of the ground, were jufi 48* 
each ; three other deep ones were 494.5 ; one not quite fo 
deep was 4 6 O  i and three that were only z or 3 yards below 
the furface of the ground.were 4 9 O  each. T h e  deep onc8, 
I believe, in general are fubjeA t o  very little variation in 
temieraturc all the year round. 

,From thefe obfervationrr on the temperature of wells, I 
am inclined to think, the heat of the earth at IO or more 

ot the fame, a t  Kendal, an the mean heat of 
ething greater. Perhape this is a general 

re of the chve of the obferoatory at, 
yards beIow the pavemen!, is 5 3 O . 5  ; 

whereas the mean heat of the air there, is only 52O,-How.' 
mer this may be,. I cannot believe the mean heat of thc air 
at thir place is fo great ao that of the pump water. 

SECTION 



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

Of the Hygrometek. 

HE hygroweter io an infirumeqt meant t a  T fhew .the difpofition of the air" for attra& 
ing water, or for d.epofiting the,water it has ia 
lolwibn with it, 

Some of the grepteit philofopher4 of the pres 
fent age have been endeavouring to irnprQya 
t h d e  infirurnents of this defcription we have aiu 
ready, -and to invent cfp objefiionable 8 
but I, prefume the obje yet fiilly attained. 
--To afcertain the exa& quanrity of water in 4 
given quantity of air, and glfo the difpofition of 
the air for imbibing or depofiting it, is an 
indeed, highly important to the fcicnce of 
orology, and to philofophy in 'general, 

It does not h i t  our intended b r  
into a detail of the differen't infiruments lately 
propofed, with their refpellive merits and de. 
merits; we hall only obferve, that mofk fubt 
fiances are affeQed more or 1 
and moifiute of the air, par 
vegetable fibres, which becowe turgid, and con- 
tra& by being expofed to moik air. Spunge, 
paper, &c. imbibe moifiurt, and become alter- 

sztcly 



32 Of the Hygrometer. 
, nately lighter and heavier by being expofed to 
the air. Strings, whether made of animal or 
vegetable fibres, twifi and untwifi by the moi- 

of the air, and confequently 
'fengthened alternately,- 

The  force with which a cord contraas is amaz-, 
hgly great. Mr. Boylej who feems to have 
been the firft that made a feries of experiments 
of this fort, ufed to fufpend a weight of 50 or 
roolbs. to the end of a rope, which was alter- 

lowered by the moiffure and 
ir, aa a fmall weight would 

bye  beep. ' 

Obferuafionr on the Hygromem. 

THE only hygrometrical infirument I have ufed, is a 
piece of whip-cord, about 6 yards long, faficned t o  a pail, 
a t  one end, and thrown over a Cmall pulley ; in this manner 
it has been kept itretched, by a wdght  of 2 or 3 ounces, 
Iince September, 1787. It is in a room without a fire, and 
where the air has a moderate circulation 8 the @ale is di- 
vided into tenths of un inch, and begine a t  no determined 
point; the greater the nunibcr of the Gale, the longer ir 
the firing, and the drier the air. This firing has varied in 
length above I j inches, or & of ita whole length. Thc 
obferratione were taken three times d day the two firll 
yeare, and once a day after, namely, a t  noon.-Thc 
rcfdt f O l l O W 0 ~  

MCM 



byhaations m tbe Hygrometer. 33 

Jaquary * 

February' 
March 
Apil 
May 

July 
Augiifi 
September 
OBober 
November 
December 
An,meana 
Driefi 
MoiReit 

J i m  

Mesa Jute of the Hygrometer, at Kendal. 

1788. 

40.3 
54.7 
81 
85 

I 16 
127  
,104 
113 
1 0 8 , ~  
102 
87.6 
100 

93.3 
138 
'15- 

1_1 

- 

-- 
102.6 79.3 
100.5 81.2 
112 162.7 

ra8 123.8 
'37 1 3 1  
134 124.2 
138.5 .r26.8 
rao.7 117.a 
123.3 111.5 
106.4 202 
102.6 97,5 
119.2 

115 113.9 

It in obvious, ,from the meane of the leveral yeard, and 
likewife from the extremes, that the cord has been incrrafing 
in  length each year, Eo that, in Cmilar ftates of the air, the  
index pointed<at greater numbers each year luccefiively ; thia 
increafe t60 appear8 to  have been nearly in arithmetical pro* 
grefion after the firit y e a r . 4 n  confequence of thir increafe in  
rhe length of the cord, fome allowance ought t o  be made in 
comparing the mean Rate of the hygrometer in the different 
monthe of the year j  thus, if the months of June or July 
be taken for a ftandard of cornpatifon, then the meane b f  
the preceding monthe muit be incrcafed, and thole of the 
following diminifhed, in fueh proportion as the annual in. 
creale h a l l  require. 

* 
The above mentioned infirument ferrea to h e w  a varir- 

tion in the dryneb or moiRure of the air; but it in very 
isrdequato to the purpofe for which a hygromrter ;e deGred. 

F BECTION 



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

Of Rain-gauges, and air account of tbe quanti& 
of rain t h t  f e l l  af Kendal am! Kefwick, 
in the years I 788, I 789, I 790, 179 I ,  atid 
1792, togetber witb the quanti9 iit London 
in tht tbreeJirJt oftht$ g,ears. 

I3'E rain-gauge is a veffel placed to receive 
the falling rain, with a view to afcertain 

the exalt quautity that falls upon a given hori- 
zontal furface at the place. A firong funnel, 
made of fheet iron, tinned and painred, with a 

cular rim two or three inches higli, fixed 
ally in a cotivcnient frame with a bottle 

under it to reccivt: .the rain, is all the inftrument 
required, 

"ln order to determine the depth of water that 
falls in the open field, with this apparatus, wc 
'rnufi have given, ift, the weight of the water 
caught in the bottle*; 4, the 
ture of the funnel; and, 3d, 
cubic foot of water, which has b 
to 6z;lbs. avoirdupoife, 'I'hen, if u = the area, 
of the aperture, in inches, ky  = 62;lbs. and w 
= the weight of the water caugiit, in pounds, 
we fldl .have this theorem, per menfuration, . .  

$0736 



Of Jtain-gauge.r, Wc. 35 
/ w 
!49? = the depth of water, in inches, that ow 
falls upon any horizontal furface. at the time and 
place, as required. 

By inverting this theorem, one may caiilp 8 

find the weight of water correfponding to any ' 

given depth; which being once found, * i t  is 
moft expeditious, and fufficiently accurate, when 
ttfe funnel has 8 or io inches diameter, not to 
weigh the water' each day, but to niet)Sre it, 
by means of phials, &c. fuitable for the purpofe. 

1'N the following account, wc have given the amount of 
(he rain each month, at Kendul and KfwUich, for 5 y e w ,  
except for 3 m o d s  at  the lalt place ; and alfo at &ondon, 
for 3 yeare : thc 1aR is takcn from the Philolophical Tran- 
fa&ions, The rain at the t w o  before mentiqned places WBI 

taken each evenihy at 8 or I O  o'clock.-'l'o the account 
we have added, the niimber of wet days each month, or 
thok on which the raiu amounted at lealt to .OOI of 
l inch. I 

N. B. My rain-gauge at Kcndd is IO iirches diameter; 
and Mr. Crdbwak's at Kflwick about 8 4 ,they were both 
Iirfidently diRant from trees, houfcs, &c. 



36 Account of Rain. 

1788. - 
At Kendal. I At.Kefwick. 'At London 

0.439 , 
I .46 I 

2.699 
3.342 
0. I 03 
0.5 IO 

fromMar. 27.51681 '34 11 . 



dccounf of Rah. 31" 

* 

- 
Jan. 
Feb. 
Marc1 
April 

June 

Aug. 
Sep. 
ut-. 
Nov. 
Ilcc.  
* j T o z  

May 

July 

i----- 

At Ke  
nchra of rqin 

6 567 
3 662 
1.606 
1.960 
2.645 ' 
4.114 

6.200 
6.682 

71894 ' 

'7  
IO 
7 

18 
ax' 
24 
26 
ao 
16 
13 

225 
1 4 -  

- 
al. ' 
vetdaJ 

18 
' 5  

- 

IO 
[ I  

'4 
17 
2 5  
26 
16 
' 5  
I 2  

0.115 
o.1az 
1.470 
2.898 
0.708 
1.700 
1.991 
0.36% 
1.108, 
a.511 

I 16.o51 
,?a093 24 -- 

- 
At Kcl; 

nchcs of rain 

5-9377 
4.0124 
1.3228 
2.3tg8 
3.4588 
5.=077 
6.2509 
5-8524 
8-3950 
6.1304 
5*0550 

I0,gOIo 

64-7439 

I__- 

- 



38 Account Of Rairr. 

Mean month4 rain and numhr of wet dqys, ut'  Rendal  and 
Kefwick, for all dv 5 years. 

At Kendal. 1 _ _  .-__ -....- -.. 
nches of rqio. way!: 
6.403 20 
5.671 18 
3,219 16 
4*909 16 
3.825 16 
3.549 '4 
6.7'7 23 

5.179 18 
5.267 ' 7  

64.506 1 z17--. 

4681 18 
6.286 19 

8.800 22 - 

- 
Jan. 
Feb. 
March 
April 
May 
June 
July 
AuguR 
Sept. 
O&O. 
Nov. 
Dec. 
T O T  
_1_ 

' A t  Kefwick. 
IGh;; of rs;; &tTG. 
7.3558- 5 - 
6.1624 22 

5.0887 20 

41167 18 

3.7324 18 

3.9434 18 

5.9948 24 

5.9672 20 
5.7989 ~ 1% 
7.3018 2 2  

68.5495 I 241 

5.2484 18 
7.2387 2 1  

-- 

T h e  great& quantity of rain in 24 hours, for there 5 
p r e ,  wae on the 22d of April, ~ 7 9 2 ,  namely, at Kendal, 
4 5 9 2  inches. The rain at KcfwicR on that day, was fome- 
thing lefs ; but taking both the 2zd and 23d, the raiii waa 
.early equal at both places, 

Befidee there 2,' there were otber 2 days, at  Kendal, 
when the rain wae betwixt 2 and 3 inchee, and 56 dayr 
betwixt 8 and 2 inchci. 

At K&icR, for 4 year8 and g months, there were 3 days, 
Lefides the 2 above mentioned, when the rain was betweea 
9 and 5 inchea, and 5 2  days between I and 2 inches. 

SECTION 



S E C T I O N  FIFTH:  

R. CroJ/Zhwaite, of Kejwkk, has availed M hitnfdf of his fituation in the vicinity of 
high mountains, to make obfervations on the 
height of the clouds ; for. which purpofe he hao 
cbofen SRidduw, the highefk mountain in the 
neighbourhood, a very fine view of which hir 
mzfium commands. By means of marks on the 
fide of the mountain, and with the aflifiance of 
a telefcope, he can difcern, to a few yards, the 
height of the clouds, when they are below the 
fuurnmit, which is very often the cafe,-Pcrhapr 
the following feries of obfervations is the only 
one of the kind extant, as the labour and di& 
culty attending fuch obfervations in a champaign, 
o,r flat country, are fufficient to deter any one 
from making two or three daily oblervations for 
a feries -of years ; and when the whole 'ky i.e 
clouded, they are quite impraaicable. 

He has determined, by trigonometry, the pera 
pcndicular height of Skiddaw, above the level of 
Dement fake, to be io50 yards, which agrcer 
vefy nkarly with Mr. Donald's obfervatibns ; and 
ke has nqted, in a column of bio meteorological 

journal, 



4e 

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 Euch. 

Overvdons on the Height afthe Clouds. 

T h e  refult of 5 years obfervations is con- 
tained in the  following table. All the obfer- 
vitions when thg clouds were between o and 
100 yards high are placed in OW column, and 
thofe when they were between 100 and 206 
yards hi& in the next column, &c.-In order 
to determine what e f f d  the feafons of the year 
have upon the clouds, in this refpee, we have 
kept the obfervations in the kveral months di- 
K i n Q . 1 t  is to be noted, that the column con- 
taining the number of abfervations when the 
clouds were above Skiddaw, includes thofe ob- 
Eervations when rhere were no clouds vifible ; 
but Mr. CroJZhwaite has noted this lafi circum- 
fiance alfo, in the journal, and it appears, 'that 
about I obfervation in 30, of ihofe in that co- 
Sumn, ihould be deduEted on that account. 

Cloudc 



Ob/kvations on the Neigh? Ofthe Clouds. 41 

It may be proper to obferve, that the fuuppofition of the 
cfoude rifing or falling with the barometer, or as the dcnfity 
of the air increaiee or diminilhes, ie not at all countenanced 
by there obfcrvations,-Allo, that in very heavy and con- 
tinued rains, the clouds are moftly below the iummit of the 
mountain ; but it frequently rains when they arc entircly 
above it. 

c SEC'llION 



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

Account aJ" I'hundw$wms and fIail-jhowcrs. 

E hall arrange the dates and accounts of W thcfe, in the order of their fuccefion. 
When the difiance of the thunder is nieritioned, 
it is calculated by obfervirig the number of re- 
corids between feeing the lightning a i d  hearing 
the thunder, and allowing I I 42 feet of difiance 
for every fecond of time. 

Tl/rinder$orms at Kendal ,and Kefwick. 

1788. 

May zQ. Several loud peals of thunder a little before 7, 
and again before 9, P. M. the la& very near, a t  ICendal. 
T h e  fame a t  Kefwick, ut 7 P. M. with a few drop8 of rain, 
-The aorni from the SE. 

July 3. From 6 to 7 P. M, much thunder, and very heavy 
,howerr a t  both placee. 

Augutt rs. From 7 to 8 P. M. thunder and heavy rain, 
from the NW. at  1Celwick. 

Auguit rG. At 7; P. M, a tremendooe &orm paired an 
the SE. of ICetidiii, 8 or IO miles diltant; 20 or 30 flamer 
and reports fuccrcded each other i n  about half an hour. 

S (  ptember 26. Difiant thunder in the night, at  Kendal. 
At 7; I?. M. 2 clapu a t  Kefwick, w i h  much rain, 

It came from the S. 

. I  

I 7 8 9 , s  



Account of Tlmder$orms, Wc. 43 

1789. 
April 27. A t  3; P. M, fomc loud peals of thunder, at 

‘&ndal. 
May 13. From 61 to  7 P. M. feveral loud clape of thun- 

,der, difiant, at ICenda1.-Between 7 and 8 P. M. much 
thunder heard at  ICefwick, from the SW. 

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

June 12. Difiant thunder in the evening a t  Kcndal. - 19. Diltant thunder P. M. at kendal. - 20. At r 1’. M, feveral claps a t  ICendal ;-thc.Rnrrn 
returned at 4 P, M. and there were 35 peals i n  6 of an hour, 
many df them uncommonly loud, and ‘near ; there wae rain 
in the mean time, but not heavy. 

N. B. A woman was‘ killed by lightning, in a houie a t  
Scdlcrgh, about I I miles from !Cendal. 

June 27. DiItant thunder in the evening, at Isendal. 
July 4.. Diflant thunder at z P. M, at I<cndal.-Loud 

July 6. After z 1’. M. tiiftent thunder, at ICrndal. 
-IO. A t  3 P. M. a diitant thunder clap, at KendaI. 1 

-19. At Z $  P. M. difiant thunder, a t  ICendal. 
-21. Paft 5 P. M. <loud peals, at ILendal; atid dif- 

tant thunder, at ICefwick. 
Augult 29 .  P. M. fomc thunder, with heavy rain, at  

Kcfwick. 
September 29. After g P. M. much dinant thunder, with. 

fhowers, NW. at  ICenda1.-At 8; P. M. one long and loud 
peal, at ICefwick. 

thunder, and heavy fhowerfi, P. M. at ICefWick. 

September 30. Diaant  thunder in tlic night, a t  Kendal. I ‘ 

17 90. 
. I  

April 26. A t  I P. M. fome peals of thunder, a t  ICendal. 
May 16. At 5) P. M. one loud crack, from the E. ot 

GX 1790. 

JCeiwiCk. 



1790. 
May 17.  At I I +  A, M. one logd crack, and a heavy 

June 9. From 6 to I O  P. M, much thynder, with little 

June 16. Diltant thunder in the evening,'at Bendal*.- 

June 22. From 6 t o  p a 8  8 A. M. much loud thundcrb 

AriguR 27. Some thunder P. M. at  ICendal. 
Septerpbef 3. P. M. a little thunder, a t  Kefwick, 

kower, a t  Keiwick. 

rain, a t  Kendal. 

At 8; P! M. feveral loud claps, at Kchick.  

wit11 w i n ,  at both places, 

'79'. 
January 5.  Loud thundir in the night, with hail, at 

ICcfwick. 
May 21.  At 6 P. M. &Rant thunder, and hail fhowerr, 

a t  Kendal. 
June 4. Betwixt x and 2 P,. MI feverel peals of thunder, 

at Kendal. The  lait of them was the moR remarkablc one 
ever remembered a t  this place j-inRantarrFoufly after the 
flafh, WBB hcard a very loud and tremendoue crack, exa&ly 
fimilar, but incomparably more loud, than the report of a 
muflcet ; every houfe in the town wao fenfibly fhaken by it, 
and univerfal terror produced by the loudnefs and fingularit7 
of the report ; but providentially no harni was done,-'i'he 
rain, mixed with hail, exccched in quantity what has ever 
been produced here on a fimilar occafion, for 6 years a t  leafi; 
therc fell upwards of one inch and u boy i i i  the fpace of tbret 
parterr o f u n  hour, though a confiderable part of that inter- 
val wag moderate rain. 
N. B. It is remarkable that the barometer Wd8 fiationary 

all that day, and fo high as 30.06. 
' 7 9 4 a  

* There'was, this eveninK, abbut Freiton-hall, 6 miles from Kmdal, 
enc of the moil extraordinary torrents of hail and rajq atttnded wnh 
thunder, that is upon record. 



Atcount of .Ihunder-J2orms, Wc, ' 4s 

'79'. 
June 12. At 4 P. M. a crack of thundar, with hail and 

July 17. At IO P. M. loud clape to the ,W. at  Kdwick. 
-18. After 2 P. M. feveral clape, a t  Kendal; one of 

which not unlikp that of the 4th of June. At ICeCwick, 
2 claps A. M. and 3 P. M. with excellively heavy fhowercl. 

kugufi  15, Detwqen 8 and g P. M. there was the moa 
lightning I ever remember to have feen a t  one time, at  
Kendal ; ibmc thunder wae heard, but it wae difiant, E. 

AugnR xG. Frob sf to pall 7 A, M. much thundar ql  
both places, and heavy rain a t  Kefwwick, 

OCtober 20. At 8; A. M. one loud clap of thunder, st 
Kefwick, and mych lightning from 7 to IQ PI M.-hcav]r 
rain all day. 

December a5* Much thunder from J to 7 P. Ne at 
Kefwick. 

rain, at ICendsl. 

179b 
April 13. At 3 P. M. much &Rant thunder, at Kendal, 

,May 27. Between 3 and 4 P, M.'forne thunder and rain, 

July 9. At 7 P. M. diRant thunder, a t  Kendal. 
-16. P, M. much thunder, a t  Kendal. 

July 18: A t  8 A. MI thunder, at Kendal. 
-2s. After 6 P, M. thunder, at Kcndal. 
AuguR a6. At 3 P. M, fome thunder a t  Kendal. 
Oeober  14. I n  the evening, lightning; and at  io, diRafit 

thunder, a t  ICendal. Prom 6 t o  x I the fame evening, light* 
ning, a t  Kelwick ; and at the later hour, one long and loud 

at Kendal, 

Betweep 6 
and 8 P. M. loud thunder, a t  Kelwick, 

of thunder, 

Days 



46 Account of Tbunderdorrns, uc. 

Hail a t  Kendal. I Hail at  Kcfwick. 
I 7% 1788. 

January 18. (April 4. Nov. 4. uec.  26 & I- 3 I .  
'789. 1789. 

an, 18. Mar. 9. April ZG Jan. 15. Feb. I I. April I, I I ,  
!I&. I .  Nov. 14. Dec. 15 & 24. June 27. Sep. 14 & 30. 
:& 16. OR. I & 30. Nov. 13. Uec. 

IS, 16, & 31. -- 

Sep. z PC 3. Dec. 11 & 13. 

'790. 

-I_-- -- 
'791. 

I '790. 
Jan. 27. April 25. Aug. 3. Feb. 16. April I 1&14. July31. 
Dec. X I  & IS. 

an. 5, 7, 11 &,13. Feb, I Jan.z,4&5. Feb. i x j . I ~ & 1 8 .  k 11.. Mar. 21. May 21,Mar. 21 .  May 18, 20, 22, 23, 
2 2  & 23. June 4 &  12. & 25. June 1 2  & 21. July 5. 

Oat. 8 & 24. Nov. 5,16 & 28.  

792- I Sep,zo&21. 0A.18. Nov.15. - 
Mar. 19. May 22. Oa, 17. Mar. 7. May I & 2. June 30. 
{Dec. 6 & 22. 

% 1191. 

1792. 

Days on which HAIL has been noted in fhejournals 
at Kendal and Kefwick. 

N. B. T h e  winda that bring hail-ihpwers are alwaya SW, 
W, or NW, in thefe places j and the barometer is  generally 
low. 

I n  order to difcover what particular months or feafon of 
the year, is moR liable to thunder-fiorma and hail-howera, 
we have colleAed the feveral obfervations, a t  both placeo, in 
oach month of the year, into one rum, and placedthem below, 

Jan. Feb. Mar. Apr. May June July Aug. Sep. O&€. Nov. DCC, , 
Thunder I o o 3 7 5 IZ 7 4 z o .  I 
,Hail 11 7 5 0 11: 6 z I 6 7 7 1 3  

SECTION 



SECTION SEVENTH. 

Have before obferved, that my obfervationo I on the winds refer them all to 8 equidifiant 
poitits of the compafs, and to 5 degrees of 
firength, marked 0, I ,  2, 3, and 4, refpefiively. 
MI.. Cro/Zbwaite has referred them to 32, or the 
whole number of points, and to 12 degrees of 
firength ; but I have reduced his obfervations to 
agree with my own, in order to prepare the fol- 
lowing table of comparifon, 

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

It may be obferved, that the high winds do 
not in general differ materially, either in firength 
or direQion, at Kcndaf and KeJwick, as might 
be expeQed from the proximity of the places; 
btit when the wind is moderate, there is often 
a' difference in dire&ion ; probably the moun- 
tainous fituations of the places may have fome 
influence in this lalt cafe. 

Here follows Tablee containing the number of obferva. 
tion8 Qn the winds-each year, in all the different dire&ioao, 
at both placcc. 

WINDC 



48 Owemations on the Winds. 

WINDS A T  KENDAL. 

1790 100 

1788 46 GI; 

sw. 
186 
309 
329 
440 
472 

- 

5 
WINDS AT KESWICK. 

1NE. E. SE. --- 
50 158 98 
47 E 5 0  I 2 0  
62 143 10s 
84 '39 
--_I 

?16 7 2 1  677 

To there tables we hall fubjoin an accounPof thofe days 
en which the higheR winds prevailed, at one or both places. 

High@ winds, marked 4, at Kendat and Kefwick, 

1788. 
fan. 19. March 16, April I and 34 Dec. 26 and 27. 

19-89, 
Jan. 13 .  Feb, 2, 3, 4, 11 ,  15, and 24.. O&. IO NOV. 14, 

I790* 

Dec- 15, 18, rg, 20, 24, 25, and 30. 

Jan. 11.  Feb. 12 and 26. March IO. "June 19. July 5, ' 
30, and 21.  OA, IZ* Dec, 15 and 23. 

t79r* 



Otfem&m on the Witgds. 49 
'79'0 

Jas. 4# 5, 7, 8, 11, 12, 13, 15, 17, 18, 19, 14, 13, tw 
and 30.-N. B. Thele winds were all W. or SW. except 
on the 18th and 19th SE. Fcb. I,,  IO^ XI, 12, r5, 18, 
19, and 2 2 .  March 4, '13. 19, zr, and 23. May 17 and 19 
Jane 16. OA. 40, Nov. 9, XI, 12, rg, 26, and27. Deo. x, 
13, and 2 5 .  

17929 
Feb. 2. March 18. April 2, 13, 22, and 23. Sept. I?. 

01%. I ,  2, 3,and 3'.  Nov. 18, 19, 20, and 21.  Dec. 4, 5, 
6, 9, IO, 11 ,  18, 20, 22, and 23, 

In order to determine what months of the year are molt 
llablc to high winds, we have found the atnourit of the 
number of days in the feveral months, on which the liiglick 
winde were obferved, according to the above account. 

Jan. Fcb. Mar. Apr. May June July Aug. Sep. O&. Not'. Dck 
18 17 8 6 ,  m 2 3 o x 7 IZ 24i 

SECTION EIGHTH. 

Account of the jtjl atid ZaJ uppearancc of 
Snow, each winter; the FroJt, Snow,J- 
verity oftbe Cold> Wc. 

OST people know that how firfl  appears M in general upon the mountains ; and thc 
higher there are, all other- circuinitances being 
tke fame, the honer their fummits are covered 

H wi tB 



SQ Atcount $Fr& Snow, Vc. 

with h o w ;  if they exceed a certain height (which 
varies with the latitude) fnow continues upon 
them all the year round, or is perpetual ; but this 
is not the cafe with any mountains in England. 

'The highek mountains ken  from Kendd arc 
to the NW. and do not exceed 6 or 7 hundred 
yards in height, as has been obferved; it is 
tlirfe of coude that are firft topped with fnow. 
The ,mountains in the neighbourhood of K$wick 
are much higher. 

The firtl appearance of boar froJ, each au- 
tumn, has been pretty carefully rioted, but the 
Iafi appearance of it, in the fpring, has not, it 
being inconvenient at that f d o n  to rnalre ob- 
fervations previous to the rifirig of the fun. 

The ilates of the different appearances follow 
for each year, together with the mean times; 
or, thofe tirnes before or after which, upon an 
equality of chance, the events may be expeQed 
in future. 



dccrunt ofFroJ, S n o 4  €9~. 5s 
1788.  

I N  the beginning of this year there wan very little frok 
a r  fnow; the m o t  fnow was on the 7th of March, being 
above z inches deep, both at h d u l  and KfwicR. 

I n  the beginning of December the froit fet in, and con- 
tinued for 5 weeks ; the' mean itate of tltc thermometei. for 
which time was 2 8 O  ; and at the end of it the f r d  h :d  pe- 
netrated 16 or 18 inches into the ground.-Above 3 incher 
of h o p  fell on thc 3 I It. 

'789. 
Not much revere froit after the middle of January.- 

fnow on the 14th and 21R of the hme.  Much i now from 
the 9th to the 14th of March ; about 6 iiichex deep, at am 
average, both a t  Kenihd and &&lick. 

Froit in November ; very little in December. 

I79** 
Little eithcr froit or how,  in the beginning of the year. 
O n  the ryth, 1 6 t h ~  and 19th of December, much howv, 

g. inches deep, at an average, at both places. 

'79'. 
B u t  littlr fro& or h o w  in the beginning of the year. 
On the 8th, gth, and 10th of December, a very great. 

quantity of m o w ;  the average depfh, a t  Kctidual, was 1.1 

inches, which wan the grcaklt obferved tltcre for 24 years 
pa& ; the average depth a t  KdwicR W ~ R  about 8 inches. 

It was on the evening of the fucceeding day, the 1xt11, 
that  the extreme of cold took place i the air waA clear, and 
the wind from the N. but very moderate ; the barornetel: 
was 29.75;  i t  was r i h g  before this event, and i t  fell 
afterwarde. At Kmdal, the thermomrtcr at St. P: M. was - G", upon the h o w  j afterwarde it fell to -r IOO ; in  the 

Hz mornirig 
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morning of that day it  wa8 rs0, and 20’ a t  noon,-During 
the extreme cold, a prodigioufly denfe mift wae carried f r o m  
the river into the town, i n  which the thermometer feH no 
lower than 3O, whilit it was - ioo to the N. of the river, 
and the air quite clear. T h e  next morning the thermo- 
meter was at I ~ O ,  and the day windy, with fhowcrn of 
Jnow, hftil, and rain. 

Probably the cold a t  KeJwicL was ae extreme as at  Kendal. 
Mr. Cr@bwade’e loweit obfervarion uae 6 O  ; butmthe prox- 
imity of h i 6  thermometer to the houfe, might be a meane of 
keeping up the temperature in Iuch an extremity ae thio, 

179%. 
Btrong fraR the  fecond week in January. 
Little fro& or Inow in November and December, 

dECTION TENTH, 

AEcbrtnt vf Bottom winds on Derwtnt taka 

ERWENT lake is one of thofe few which D are agitated at certain times, during a 
calm feafon, by fome unknown caufe. The 
phenomenon is called a 4ottom wind, 

Mr. 
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Mr. CroJZhwaite has been pretty afiduous in 

procuring iiitetligence refpeaing thefe pheno- 
mena, and in obrerving any circumfiance that 
might lead to a difcovery of their caufe; but 
nothing has occurred yet that promifes to throw 
light on the fubjeQ. 

N. B. The fake is near Kfwick. 

Tbc following is an account of the times and cir- 
cunflances of theJweral obfirvations. 

April 30. From 8 A. M. till noon, the lake pretty much 
agitated. 

Augutt 9. At 8 A. M. the lake in very great agitation i 
white breakere upon large waves, drc. without wind. 

Augult 27. At g A. M. a h a l l  bottom wind. 

'7900 

June 20. At 8 P, M. a bottom wind on the lake. 
OAober I I .  At 8 P. M. a bottom wind on the lake. 
December I .  At g A. M. a itrong bottom wind on tht 

lake. 

1791. 

The phenomena that took place this year, if my, weru 
not noticed, 

179%. 
Otlober 28. ;At I P:M, a bottom wind; the water 

SECTION 

much agitate4 
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s EC TI o N EL E v E NT 8. 

Account Oftbe Aurora: Boreales j e t z  at ’ K e l t  
dal und Kefwick. 

HE aurora borealis, or that phenqrnenon T which in England is called the hTortAern 
lights, or JZreaimrs, has appeared frequently to 
ail the northern parts of Europe Gnce the year 
1716, though it reems to have been a rare $e- 
nomenon before that time. 

Sometimes the appearance is that of a large, 
fitill, luminous arch, or zone, refling upon the 
northern horizon, with a fog at the bottom ; at 
other times, flafies, or corufcations, are k e n  
over a great part of the hemjfphere,-We fliall 
defcribe the general phenomena more at large 
in the effay on the fubje&, in the fecond part’of 
this book; and particular obfervations twill be 
given at large in the addenda to this ie&ion, 

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

on which the auroru waa fren ; in  the fecond, the hour 
5). M. i when no hour ia mentioned, it is to be underltood 
to have happened bctwepn the end of the twilight arid io 
.’clock. The third column cantaina the rnoon’o age at the 
stme, or the Amber of complete dayo betwixt the change’ 

and 



Account of the Autorce Borsaler. 54 
and the aiiroru ; the fourth contains the days in like manner 
betwixt .the fu l l  and the aurora; the realons for thefc two 
columns will appear in the Eifay. I n  the fifth column w e  
have cliaraArrized the aurora, by one or more wprds : Jill, 
denotes the northern horizontal arch ; and aaivs, deiioteo 
thofe appearances when diRinA flaihre and corufczltionp 
weie k e n  : hut this diRinCtion was not always attended to, 
and if it had, the aurora often cxhibitr both appeatances a t  
the lame time ; grand, denotes a large difplay of Rreamerc 
over great part of the hemilphere ; &h, denotes near the 
mnith, and low, near the horizon, apparently. 

N. E). T h e  dates of thof&obiervations not charaaerized, 
I received from a friend; they may Le depended on 111) 

aut Iic n t ic. 

A LiJ? of the Aurorze Borealcs obJerved ut Kenad 
and Kefwick, for 7 years, namely from May 
1786 t o  M a y  1493, together with the moon’c 
age at the reJjeEtive h i e s  of overuation. 

N. B. For diitintiion’s fake we have marked all thofc 
that were obfcrved at  both places with 2, and t l d e  obferved 
a t  Kfwick only, with I ; the re& were obfcrved at KenLl 
only.--Thofe marked D, were doubtful obfervations, from 
twilight, or other caufcs. 
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I 788. 

fa) A heavy fimer, wjth thander, jufl before. 
fb)  Several ffafhes oflightning with it, abera very wet day, 
(t) From IO to 11 P. M. uncommonly brilliant, aRive hrenmers over md(t of 
hcmifphen I they were bid to be heard,---Not much inferior the next nigbir. 
44 Splendid fimmm, extent fron, NE. lo W. j nh fog brnciiah 
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I 17890 
(a) Scon aftor 8 P. M, P broad arch wu obferved, extending quite acroCs tho 

heHVeiis, through the zenith, from E. to W. ncsriy j but its raficm extremity in* 
Elitled to the north, and i t b  wcflertb to the fouth I afterwards an uncommonly 
grind di(phy If firearners over two-thirds of the hamirpl~crc. 

( b )  At 9; P. M. there wan a lsrge baw, like that of the n3d of Augufi 
f c )  It,be%m S. of the prime vertical, and afterwards fpread northward, 
(d) Fldhct'of lightning, both this evening and the fuccceding. 
(e) MOR Of the hcmifyhcre finely Nuiriinatcd with firerrnm 

@ From 8 G r'o 6 pand dii!phy of Rrcnmcmovot patpart of thb bernibhphan. 



38 Account of the Aur o m  -€loreater. 

r 

~Nov .  4, 
-IO I 
-14 
-19 
-2 1 

-2 2 

-24 I 
-25 I (  
-26 
-27 1: 
Dee. 14 

1700. 1 - 
- J a n .  141 : 

9 
Mar. IO 
-16 
-17 
-18 
-19 

h p r .  3t  

\ 

I'crb. 3' - 

' 

1-201 

I- 7111 



Accorrnt of the Aurora? Borealex. 59 

, 7-52 

' 7 9 1 .  
063 22 

,-23 
-29 

e-3 * 
4 
5 

r I  1 

,-I4 
-17 
-1 8 
Dee. 13 
-'9 

<-ZG 

*Efov 3 - - 

5 
z : 

G 

General overvations on the 'Aurore before ORoLei- 
'3, '792s 

IN making obfervatione upon any phenomrnon in nntiire, 
with a view to afcertain i t s  canfe, every particular circim- 
fiance Qold  be attendcd t o ;  for, tliough many may be 

I a  found 

---c 
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* A mrc particular account of the fucceeding ones will be giveiilrercnfier . 



66 Actaunt o f the  Aurar& Boreales. 
fsund afterwards to  be trivial, and of little or no moment in 
leading ue towarde the difcovery, yet fome one or other of 
them generally happena t o  be of importance. I t  will be 
fe& hereafter, that the exa& bearing and extent of the large, 
&ill, horizontal arch of the aurora, and the point in t h e  hea. 
vena t o  which the cordcations tend, are amongit the cird 
amfiances of much importance i n  the invcfiigation of its 

eaufe, There cirrumflanceq it mutl be confeffed, were not 
accurately noticed, either a t  Kcndal or KeJ.ruici, previous ta 
the  middle of Oeober, 1793. 

As for myfelf, the only mlnute I ufually made upon the 
'Jih' avrora was, that it was fituate i n  the NW. by whicb I 
meant that it5 centre wae bctween the N. and the W. with. 
&ut once attempting to .afccrtain the ex& bearing of tho 
.entre ; and the cutonu, when there was one, ie often men- 
tioned in my notes, as being fouth of the zenith, but the 
number of degree8 was not afcertained. 

Mr. Cr@bwahe, however, ha8 been rather mow particular 
at times ,with re4eEt to  the bearings, extent, &c. T h e  
centre of that on January IO, 1788, he obfervee bore NNW.; 
that of the 28th of April, NW. b N. ; the ccntrea of all 
the reR are faid t o  have been hetween the North and WcR, 
or e l k  North ; not one was obferved to have its centre to 
the Eait of the meridian. 

N. B. The addtionnl obJervationJ on the Aiirora, beginning 
with lhok on th'e ~ 3 i b  of OAobcr, )I 792 ,  will be giorn ajier the 
Vxt $&on. 

SECTION 



'SECTION TWELFTH, 

On Magnetrm, and the uari(ation oftbe Ncede. 

N order to underitand the additional obfer- I vations, and the fubfequent Effay on the 
aurora' borealis, a competent knowledge of mag- 
netifm is requifite; and as the principal faas  
relating to that fubjetl are few and limple, we 
have thought it would not be am% to flatc: 
them here, for the fake of fuch as may not be 
previoufly acquainted tberewith, 

The LoadJOne, or natural Magnet, is a mi- 
neral produtkion, found in the bowels of the 
earth, ainongft rich iron ores, of which it is one 
itfclf; its diftinguilhing property is that of at. 
baa ing  iron and iteel, 'rhis property, which it  
called magnetifm, is communicable to Jeei, only, 
fo as to be permadent 5 and to iron when within 
the influence of a magnet, but as foon as the 
magnet is withdrawn, the magnetifm of iron 
ceafes, 

Every magnet has two oppofite points or ex- 
tremities, called its poles; the one is denomi- 
nated its north pole, and the other its foutb pels; 
and the attraaion of the magnet is ltrongcft at 

lf 
ita poles, 



62 On Magnetfm, Wc. 
If an oblong bar of temnpered fieel (it will 

anfwer well if 5 inches long, half,an inch broad, 
and a quarter of an inch thick) be rubbed over 
fram one end to the other, always the Mne way, 
bi'either pole of a magnet, it* will be converted 
into a magnet itfelf; and that end to which the 
pole was firfi applied, will be a pole of the new 
magnet, of the fame name as the generating 
pole. By rubbing the new magnet the> contrary 
way, with the fame pole, its magnetifm will be 
firR deftroyed, and then freih inagnetifm will 
beTcomniunicated ; but the poles of the ncw 
magnet will be of contrary names to 'what they 
were before. 

Either pole of a magnet attraRs iron, or fieel 
not magnetic ; but the pole of one magnet, re- 
pels the pole of another magnet, of the fame 
name, and attraCfJ the pole of a contrary naiae ; 
the repulfion in the former cafe feeins to be 
equal to the attraaion in the latter. 

Magnetifm is d'ometimes communicated, .de. 
ifroyed, or inverted, by lightning, or by an 
elearic hock, &c. 

If a.magnetic bar, or needle, be fuffered to 
move freely in an horizontal plane, it will only" 
teit in one pofition, when. the north pole points 
northward,- and the fouth p61e f 0 u t h w a r d . c  
Hence the common needle and compafs, +ithich' 

wag 
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was invented aboat the beginning of the 14th 
century. 

If a plane perpendicular to the horizon be 
conceived to be drawn through the horizontal 
needle, when at relt, it is called the plane of the 
rnainetic meridian ; and the angle made by this 
plane, with the plane of the true meridian, is 
called the upriatian of the  needle. 

If a magnetic needle be nicely poifed on an 
axis pafling through its centre of gravity, or 
middle, ,and fuff'red to move freely both hori- 
zontally and pcrpendicdularly, it will refi only in 
one potitioni namely, when in the plane of the 
magnetic tncridian, and having i t s  north pole 
pointing towards the ground ; the angle of de- 
fle&ion from the horizontal plane, is called the 
dip of the needle, and the needle itfelf in this 
cafe a dippiqpneedle; its pofition is the proper 
and natural one of every magnet that is fuffercd 
to be guided folely by the magnetic influence. 
From this phenomenon, and others of the fame 
nature, it is inferred, that the earth itfdf is a 
magnet ; whether its magnetifin refults from the 
diite'd influences of the natural magnets it con- 
tains, or whether its magnetifni niay be in its 
atinofphere, is not certain ; and as poles of un- 
like denominations attra& each other, the fouth 
pole of the earth's magnetifin mufi be in the 
northern hemifphere, bdcaufc it attraAs the, 
'horth pole of t h  needle. 

The 
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The  variation of the needle is very differed 

a t  different places of the globe, and evcn a t  the 
fame place at different times ; in thefe parts i t  is 
at prefent weiterly, and is increafing every year i 
the variation at London in I 580 was I I ’ I 5’ E. 
in 1657 it was o‘ 0’; at prefent, 1793, it is 
about 2 2 O j t  W. and incrrai‘es nearly IO- each 
year. From the refult of feveral obfervations f 
find it to be 250 W. at this time, at Kendal. 

The dip of the needle too is very different at 
different places, and probably at  the fame place 
at different times ; but, for various reafons, the 
obfervations on this ’head are neither fo nurne- 
rous nor fo accurate as thofc- of the variation, 
It feems at prcfent to be about 7 2 O  at London, 
according to Mr. Cavallo ; and there is reafon to 
fuppofe, iz is not many degrees direrent in any 
part of England; for want of proper inftruments 
I have not been able to afcertain it at this place. 

Befidee the annual change in the variation 
of the needle, there is a daily change, or varia- 
tion of the variations. According to Mr. Canton, 
who made a feries of obfervations on the daily 
variation for a long time, the north pole of the 
needle moves gradually weltward till 2 or 3 
P. M. and then returns gradually to its former 
Aation; the mean daily variation in winter is 
ab&t 7’, and in fuumrner about 13’i. He more- 
over obferved, that the needle was difiurbed 
wheq an Aaroru bororrrfk was in the atmofpherc. 

I have e *  



On Magnetfm, Wc. 6s' 
I have myfclf made a like feries of obferva- 

t?ons for fome months, and find them in general 
to agree with his ; but as it is not necefiwy for 
, m y  purpofe to relate the refult of them, any fur- 
ther than what is contained in the: fubfequent 
pages, I hall  not detain the reader longer on 
the fubjefi. 

c 

Addenda t o  the 0bjmation.r on tfic Atwora: 
Boreales. 

1792* 
OCTOBER 13.  At Kcndaf, A. M. frequent gleams, 

P. M. hazy ; from 4 till 8 rainy, a t  which time the cloude 
to the f i u d  were remarkably red, and afforded fuffcienL 
light to read with, though there was no moon, nor light in 
the north. T h e  unufual appearance raifcd my curiofity, 
and I waited witti impatience to Ice the cloude carried off 
t o  the SE. (for the wind was W. or NW. and pretty f reh) .  
In  the mean time, having b y  me a very good tbeodolilc, made 
by Dollorid, I took it  out to make obfervntions on the bear- 
ing, altitude, ptc. of ariy remarkablc appearance. 

From 9; to IO  P, M. there was ;L large, luminous, hori- 
zontal arch .LO the fouthward, almofk exaEtly like thofe w e  
fee i n  the north f and there was one or more faint, con'cen- 
tric arches northward,-It wa8 particularly noticed, that 
all the archee Ieemcd exaaly LifeEted by thc plane of 
the magnetic meridian. At half pafl IO  o'clock, Areaincrv 
appeared very low in the &I, running to  and fro from W. 
to E, thcy irrcreafcd in niimber, and began to approach the 

IC z c  ni  t h, 



66 Addenda to  the 

zenith, apparently with an, accelerated velocity ; when, all  
on a f d d e n ,  the whole hrmifphcre was covered with them, 

land exhibited fuch an appearance as furpaflcs dl delcription, 
-Tile intenfity of the light, the prodigious number and 
volatility of the beams, the grand iritcrmixtur~ of all t h t  
prifmatic colours in their iitmofi fplcudor, variegating the 
glowing canopy with the mof luxuriant and enchanting 
fcenery, afforde? an awful, but at the fame time, the 
pleafng and fuhlimc lpcCtacle in uatiire. Every body gazed 
with aff oniffimcnt; hut the uncominon graiideur of the fcene 
only laited about one minute ; the variety of colouts difap- 
peared, and the beams l0iE their lateral motion, and were 
converted, 39 ufiial, into the flafhirtg radiation6 ; but even 
then it furpaffed all other appearances of the aurora, in that 
the &bolt hrmifphere wa8 covered with it. 

NotwithRanding the fuddennefa of the effulgence at  the 
breaking oot of the aurora, there was a remarkablc regula- 
rity obfervable i n  the manner.-Apparently a ball of fire ran 
along from E. to W. atid the contrary, with a velocity fo great 
an to he but (barely dtflinguilhable from one continued train, 
which kindled lip the ieveral rows ,of beams one after ano- 
ther ; thefe row8 were I tgate  one before another with the 
exnCtefl order, fo that the bafec of each row formed a circle 
crolfing the magnetic meridian at right angles ; and the re- 
vera1 circle8 rore one above another in fuch fort that thofe 
ncar the zenith appeared more diitant from cach other than 
thofr towards the horizon, a certain indication that the real 
&fiances of the row6 were either nearly or exiiAly the fame. 
A n d  it was further ohfervable, that during the rapid lateral 
motion of the beams, their direaion ip  every two nearell 
rowe was alternate, io that wbillk the motion in one row was 
from E. to  W. that in the  next row was from W. to  E. 

The point to which all the beam8 and tlahes of light uni- 
formly tended, was in the magnetic meridian, and, ae near 
as could be determined, betwren 15 and zoo fouth of the  
zenith.-I'he aurora continued, thouglr diminihing in fplen- 
dor, for fevcral hourc. There were fcveral meteoru (falling 

ltaru) 
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Rars) feen at the time ; they feemed below the murora, and 
uiiconnelkcd therewith.-1 t was feen at  Kcjbicl', Lceds, 
&c. with much the lame circumltancee j but how far it ex- 
tended I have not learncd. 

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

OAober 14. I did not notice the uurora myfclf this even- 
ing$ there was tliunder and lightning, both liere arid a t  
Kflb ick ,  at  the time of the aurora. 

The mroru this night waa an 
oblong, luminous cloud, about 1 5  or 20" long, and 4 or 5' 
broad, bearing about SE. by E. and IO or 20" above the 
horizon ; its Eouthern extremity was higher than its northern, 
and it evidently lay i n  the tra& of a p e a t  circle from E. to 
W.--It difappcarcd fevcral times, and reappeared sgain al- 
moa infiantly ; and fcvcral timrs waxed and waned witliont 
vanihing ; no radiations fhot from it. 

The aurora this evening app- 
peared as an arch in the north-wcit quarter, from wliicli 
proccedcd fevcral beams ; they converged to a point on the 
magnetic meridian, about 18" beyond the zcnitb. 

OBober 31. At ICcndal. A few beams were k e n  to run 
t o  and fro from E. to W. low, or near the lioiizan : the 
moon ihone bright a t  the time, and the clouda coming oa 
foon after, the whole was obfcured. 

November 19. A t  Itendal, the particulars of the obfer- 
vation were miflaid ; at Kefwick, the uurura rofe to  about 
~ 8 "  above the horizon, and was fituatc i n  the ufiial quarter. 

December 7. At ICefwick, a faint aypsaiaqce; +orit 
5" high. 

OCtober IS. At I h d a l .  

OBobcr 23. At ICendal. 

' 

'793. 
January I I. At Kendal, a fmnll arch in the horizon ; it 

rofe to 5 or IOO altitude, and was bifc'eCted by the magnetic 
meridian. 

January 12. At Kendal, from G to 9 1'. M.' a horizontal, 
kumipoaa arch, 209 altitude, and bifetfted by the rnagnctic 

K 3  dnei idiao. 
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meridian. After 9, fine firenmeis ltruck out, and rail td 
and fro a while acrob the faid mi.riclian, and then wcrc con. 
verted into flnflies, as ufual; fomc r o k  up to thc zenith. 
T h c  point of convergency, and evcry ollicr particula;, were, 
to all appearanceb, the hrne a~ have bcen drfcribed before. 

The 
January 13.  At JCcndal; Very bright i n  the northern ho- 

rizon, but clouded ;rl,ove.-TIie v w  iation of the needle a t  6 

next morning 25' 4'. 
Febriiary 8. A t  l iendnl ,  bright northward at 84 P. M. 

at IO, tlic luminous arch w a s  r 6 O  altitude.-The other cir- 
rritnRaiicee relatiiig to i t  follow, hppofin;: the variation of 
the  nccdle at the noon of that day 25" W. 

H. M. the needle. 
10 - P. M. 25' 0' W. the arch rifing. 
I O  I O  - 24 59 - bright fireaincrs, low, with clouds; 
I O  3 0  - 2 4  42 - itreamers rilkn ; Gnc, wcltwatd*. 
I O  3s - 24 3 7  - a Ail1 light ; clouded above. 
10'.43 - 24 57 - bright, eaR\vard ; C ~ O U ~ B  above. 
1 0  5.5 - 25 
I 1  3 - 25 7 - bright, l a w  ; clouded above. 
3 1  15 - 2 4  57 - clouded, but bright eafiward. 

was confiderably ngit:itc.d a t  the time. 

P.'M. 250 W. ; at 9 I>. M. 240 34'; at IO P. M. 240 54'; 

Variation of 

7 - light eqiial, raft and w e k  

It was related to thc magnctic meridian aa the former ones, 
Pchruary I 2 .  At ILndal ,  the aurora appeared foon after 

6 Y. M. flaming over two-thirds of the hemifplrcre. The  
tcams all converged t o  a point i n  the magnetic meridian, 
about 15 or zoo to  the fouth of the zenith, a6 wae found 
from frcquent trials.-'$he other particular8 follow. 
H. M. a Variation. 
5 -PP.M.250 5.W. 
6 35 - 2 4  49 - altitodc of the clear @ace fouth 35". 
6 42-' 24 55 - &.of do. zoo; itreamers bright, eait, 

fireamcis bright and aCtive dl over 

v, 
thc ilIumiiiatcd part. 

6 50-25 - - 
7 2-25 28 - 
7 5-25 1 2  - 

That k,plativc to thc magnetic meridian, herc and cllcwhcrc. 
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W. M. Variation. 
7 I O  P. M. 24O40'W. difappeared in the weRr'a&ive, eaR. 
7 ' 5 -  2 4  40 - 
7 20- 24 35 - aAive about the zenith; light faint. 
7 25-  24 45 - light faint. 
7 35-  24 45 - light faint. 
8 -- 24 45 - Rrong light northward. 

a large, uniform, kill light, cover- 
ing half the hemilplicrc, with 

8 35 -24 47  - 
3 ' 5 -  24 4 3  .C firearner8 NW. bright, caR; cloudr. 
g 2 0 -  24 43 - the aurora burRing au t  afrcth, 

a8 fine and large a difplay of itream. 
2 4  24 55 50 - -1 ere as has appeared this eveqing. 

9 30- 

IO ' 5 -  24 57 -1 the light growing fainter and 
1 0  35 - 24- 40, - fainter. 

N. B. T h e  arch bounding the nuroru t o  the fouth, vas 
always at  right angles to the magnetic meridian, wlien 

At Kefvvick, tlic frime evening ; 7 P. M. firearner8 from 
ENE. to WSW. and 28' pail the zenith; perpendicular 
beam bore N. 17O W.-At 911 z5m very fine; they con- 
v e r p d  to a point 1 5 O  foutli of the zenith, bearing SSL- 
Altitude of clear fpace 30°. The perpendicular bcam N. 
35' W. ; extent on the horizon f roF ENE to WSW.-- 
At roh 30m they werc fettled i n  the northern quarter into 
an arch of 13' altitude, wiicnce ttrcamers fhot up towards 
the zenith, 

February 15. T h e  UUYOYYI of this evening was feen 60th 
at llendal and Kefwick, and, R S  fais as the eye codd judge, 
the appearances feem to havc been the fame at  both places. 
--It was a luminous arch, the centrc of which bore SSE. ; 
and it was extended in the oppofite dire&tions of ENE. and 
WSW. : on tliu welt fidc its extremity feemed to touch the 
mounlains a t  both placee, a t  the altitude of G o ;  and on the 
call fide it extended irbout half way to  the horizon. The 
eaiteril end was rathcr ovaliform, aboat 8 or xoo broad, and 

whcrc 

l flakes now and then. 
8 10-24 45 - 

10 -- 
-- -- -_ - . 
H -A.M,2t+ 57 

pc1fe&tt. 
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where it joined to the refr, was narrowefi of ail, bciiig but 
2 or 3" broad, and bearing SE. ; after which i t b  breildth 
increded towards the welt, leirig i n  fomc places 6 or 8'. 
-The k y  was clear, and tticre was no appearance of an 
aurora i n  the north, except two'or three fmdl flreamets at oiie 
time, quite in the horizon. T h e  eafiern end of the arch 
waxed and waned frequently, and fornetirnes entirely vanifh- 
ed, arid then reappeared again, in the fpacc of a few feconda. 
Aboqt  a quarter pafi IO it grew faint, and finally dihppeared. 
It did not fenfibly vary in pofiiion during itR appcdrnnce, 
and jufi before it vaniflied, i t 8  fituation amongil the  Rare, as 
feen from Kendal, was a8 follows:-thc fouth edge of the 
arch feemed to touch prerty exiAly the i tar  lucida colli, or 
gamma Lronir, to pare 4 or 5u above Procyurr, thence I hrough 
thc middle of the confleilation Oriotr, leaving his bright foot, 
Rigel, 2 or 3 O  to the fouth. 

From t h e k  obfervations it refults, that the greaten alti- 
tude of the edge, a t  Keiidal, milk have been about $3". 
Mr. Crojfhwaite found the grcateR altitude of the faid edge, 
at IWwick, t o  be 48". T h e  diftance of the two places, R B ~  

h a s  been obferved, is nbout 21 Englifi miles, and it fortu- 
nately happens, that they lie very nearly i n  the direAion of 
a plane a t  r'ight anglee t o  the arch ; hence, we have the re- 
quifite duta to determine the height of the arch, which, by 
trigonometry, comes out 150 Eirglik miles. 

T h e  pavallaktic angle being fo fmall, an error of I or zb 
the altitudes, ie of grcat confequetrce.-Mr. CroJflJwuite 

thinks the error in his obfervations coirld not exceed io*, 
as the light was iteildy at the place where the altitude wan 
taken,-Admitting the errora amountrd to 2 O  a t  each place, 
which exceeds the bounds of probability, and that they were 
contrary ; we h a l l  then find the height 83 mile6 i n  the one 
cafe, and 750 in the other, which may, I think, be fafcly 
collfidered a8 boundarh,  betwixt which the true height 
was; and hence it may be inferred,' that the arch would be 
vifible to all Greai-Britain and Ireiund; that it is much to be 
wihed, fome perfons in more d i h t  places, may have made 

firnilar 
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h i l a r  obfervntioiis iipon the phenomenon, by which its 
lieigiit mny be det,crmiiicd with more precifion.-In the 
mean time we fll;ill coiiiidrr i~ ae 150 Englilh mites. 

March 5. 'l'hc ncrora a t  Kendal was feen at 8 P. M. 8 it  
wae a bright nil1 light a whilc, but foon cloudcd.-Thc 
needle was not attended to. 

March 6. At ICcndal, a few fine firearners a t  9 P. M. 
altitude I S O ,  and extent along t h e  horizon 70'' ; exaalg bi- 
feEtcd by the magnetic meridian. It foon drviodled into 8 
Paint light. At gh 35m brightell on the northern fide.- 
Tlie needle was 25" at gh 4m,--24" 58- at gh 14m,--24* 
50' at gh 35m,-~4~ 55' at 1011 3om,-aqP 5 2 :  a t  8 
the next morning. 

March 13. At Kendal the needle was a t  811 30m 240 30', 
-at roh 30m z 5 O  +',-and at 8 next morning a 5 O  4'.- 
Tlre,.e was a briglitnefs northward a t  IO P. M. but pretty 
much cloud+ ; this circumfiance, with that  of the needle, 
rendered it probable an uMoru was in the atmofpherc.- 
It was confirmed by thc following account. 

At ICefwick, the fame evening, at 8h x8m a horizontal 
arch, extent from NW. by W. to  NNE. with faint trcam- 
ere  ; the arch zoo, and Rreamers 25" altitude ; tlrc vertical 
itreamers bore NNW. At IO, an arch from WSW. to 
ENE. its greatefi altitude 30" : no fireamera. 

March 30. At Kcndal, a t  8 P. M. thew appeared fome 
faint cohcentric arches of an aurora; it was uot further no- 
ticed till, 
H. M. Variation. 
8 35 P. M. 25 " 5'W. a grand horizontal arch, altitude 6 O .  
8 40 - 25 2 5  - firearners to 30' pait the zenith. 
8 48 - 2 5  5 - bright raftward. 
8 5 5 -  zs 5 - firearners faint. 
9 -- 25 5 - denfe light north; ram above. 
5, 
g 10- 24 $ 5  - bright wcttward. 
9 15- 24 55 - a tine, perf&, horizontai arch. 
y 20-  24 55 - altitude of its upper edgc 30'. 

5 - 25 IO  -di t to  

1-1. 
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H. M, Variation. 
g 30P. M.24'30' W. itreamers ~ i p  t o  the zenith. 
9 35- 24 35 - difperfed, and not fo high. 
g 45 - 24 58 - faint light; brightell ea!lward. 
9 12-  24 45 - dull light. 

10 -- 24 42  - dull light ; haze below. 
10 10- 24 42 - haze rifen ; light fainter. 
IO Is  - -- - cloudt, rifen ; light almok vanifhed. 
10 jo- 24 45 - clouds tnorc tifen. 
I1 '5- 24 45 - feveral fmall clouds cover the hemif- 
8 -A.M.24 54 [phere. 
There we& feveral fine, pcrfea, concentric arches north- 

ward, during mofi of the time.-At 8h 48m one fine arch, 
the altitude of its under edge IO'. At 8h 55rn two pcrfeEt 
arches, a1:itudc of the higher i207 with a fine edgc. At 
9h feveral conceritric arches, one with a fine edge, altitude 
1 io. At 911 51n one of the ripper arches with a very bright 
edge, its altitude 1 3 "  ; the bdrs  of the ttreaincrti conipofing 
it of very denfe light, and iarc ilbovc. At yh xom its alti- 
tude 13 or 1 4 ~ . - A t  gh 15m tlre upper edgc of the large 
horizontal light feems now au well defined a8 that of il rain- 
bow, its altitude 47', and that of the tinder edge IO". 
At 9h 26m altitude of upper edge 30". 

T h e  arches were all at right aiiglcv to tlie magnetic meri- 
dian, and the beams had their uftial convergency.-At one 
time fevcral h a l l  itreamere formed a corona upon the mag- 
metic meridian, the cer:trc of wliich was deterniined By a 
good obfervation t o  be 72' from the fouth. 

-.----- 

T h e  iky was free from clouds till the lafit, 
At Kdwick,  the fame evening, at Sh 20m there were 

bright Rrcamers WNW.-At 8h 28111 they had fpread from 
WSW. to ENE. ; altitude of the arch 1 4 , ~ ;  vertical fiream- 
ers bore NW. by N. At 811 35" itreamertl 43' paIt the ze-, 
nitb* : previous to thie there were at  one t i y e  t h e e  con- 

centric 

By the obfcrvations at Kendal, the uuroru was 30° patl the zcnith at 
Oh wm, and thr clocks baing correQed at Iwth placet, io a5 to be near 

the 
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wntric arches northward, fet with brigh$,itreamere, which 
had a very quick lateral motion; the under edge of the 
higlrelt waa not more than 14" high. A t  gh 6m the alti- 
tridc of the faid arch wae 1 3 O &  bearing NW. N. i fiream- 
era fiort, being only 5" higher than the under edge ; hori- 
zontal extent of the arch from 'w. by N. to  NE. 

April 5. At ICendal, a fmmatl blufliing of light, exaEtly j. 
the magnetic north, a t  9 1'. M. ; it  foon faded away, I 

The difinrbance of tlie needle was imperceptible. 
April 9. The oriroriz was firR k e n  at ICendal, a t  gh 30m 

P. M. being a fmall liluking of light in the magnetic north. 
At 1011 the arch rifen to 6 or 8 O  of altitude, with itreamerr 

,from 3 or 4 to  IO^ altitude, and a milt below; tlie reft of 
the flcy was extremely clear ; the light waa denk at the 
under edgr of the arch. At ioh z5m bright and a&ive 
weRward ; the mitt below,-Soon after, uncommonly aEtive 
itreamer#, very low the light feen den& through the miR. 
At rob 35m the miR vaniked; tbe aurora rather larger, 
and duller. At I rh a larger arch, altitude IOO, with miit 
below ; no fireamere, the light being ftill and uniform. At 
4 I h rom fircamere very aAive ; their progrrfs hemed down, 
or northward. 

T h e  needle was not fenfibly diiturbed all the while. 
At KcEwick, the fume evening, il fa int  light at gh 45m. 

-It waa y o  high at 9h 54m, and the Iiighrfi part bore N. 
by  w. t W, ; one minute after, bright firearners from NE. 
t o  WNW. the greatefi altitude of their bafe 5 O + ,  the bear- 
i n i  of the fame NW. by N. N.-From thin to I O ~  30m, 
bright firearners at intervale, low i n  the NW. quarter.- 
After 1011 3om grown faint; lioriaonthl extent from WNW. 
to NE. by N. 

April 14. At Kefwick, about midnight, or foon after, a 
itill, horizontal light, altitude of the under e'dgc 5O, of the 
upper edge 9";; bearing of the centre NW. N. 

t I; 0 EN B R A I. 

the trw folar time, it Is prefumcd diis ohfervntioa aoulJ bt dmofi cotciti- 
porary with that at K d d - N o w ,  fiqipofing this to be llic C ~ P ,  the 
height of the uuroi u, or of the lower extreipity of the b c w %  will be hiind 
y d  to 61 B n g l i  milcs. 
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0 8#ERA% OBSERVATION 9. 

IN order to determine the bearings of the middle 61 
high& part of the arches of the aurora, I placed myfelf ih' 
a fiation where I ltad a diffant ohjeCt before me, in the 
diretiion of the magnetic meridian, and I alwaye found the 
higheft part in the fame direEtion as this obj& ;-a devia- 
tion of z or 3 O  would i n  mofl cafes have been ver'y fenfihle. 
-Sometimes, t o  confirm the obfcrvation, equal 311 itudea of 
the arched were taketi on each fide of the magnetic meridian, 
with the throdolite, arid the horizontal angle divided intp 
two equal parts, ,which gave the fanre bearing of the centie 
a# the other method.-It does not, howeeer, alwayn happen 
that the horizontal arch, efptdally when high, is perf& 
and complete. 

The fireamers, or flalhes, which pointed up, or perpen. 
dicular to the horizon, were pnly thofe in the magnetic me- 
ridian, ae well fouth a8 north of thC zenith. 

T h e  altitude of the centre of the corona, when there .wa8 
,ne formed, W ~ R  .taken with a quailrant and plummet, with 
as much exaAnefs as the thi famed to admit of. 

With regard to the needle of the theodolite, which wae 
ufed to make the obfervationa with, it ii 3; inches long, 
and FeemR to m a w  very freely upon its centre ; 1 have often 
tried the eff& of frittioii, by drawing i t  from its !lation, 
and then fiiflering i t  to  vibrate tiU it fetrled, wheii it ufually 
fettled in the fame ff arion within one or two minutee, but I 
have fornetinlee obfervcd it Jve minutee of a dtgrce kltercd 
i n  h c h  a cafe. 

J h d v e  never abferved any confidwahIe flukluation of the 
needle in  any eveniog but when there was an aurora vidble, 
except once; this waa on thc 13th of Frbruary, 1793, the 
avening of which way very wet and normy ; the nqedlc va- 

ried 
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ded'aa followR :-thc variation was 24O 57* (It noon : 24. 
3(.at 5: I?. M. ; 24." 35' at 511 p m ;  24" 20' at sh 58 ; 
24' 20' at 611; 24' 98,' at 611 20m ; zqO'45' at Gh 451n ; 
2q0 35: at 811 ; ?IqO 47 a t  811 3 b m ;  24.' 49' at roh 30" ; 
24" 53' at 8 A. IV, iiext day,, 

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

It (hoold alib be nntired,'thrt whilit making there ob- 
fkrvntione upon the diiturbance of the rleedle, duriiig an 
aurora, I' did not  always know the alfihtc varintioii at the 
time ; and therefore no infcrcncee fl~ould be made relative 
t o  the change in the abrulute variation, in iiie intervnl from 
.nr wrwa to another, from the obfertationii I have given. 

W D  OB TH& FIRST PART. 
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M E T E  0 RO L OGICA L 

OBSERVATIONS AND ESSAYS. 

P A R T  S E C O N D .  

ESSAYS. 

ESSAY FIRST. 

HE atmofphere is that invifible, tlafiic fluid T which every where furrounds the earth, 
to a great height above irs furface.-It was for- 
merly, fuppofed, that commor, air, or any portion 
of the atmofphere, when cleared of vapours and 
exhalations, was a pure, iimple, elementary fluid; 
but modern philofophy has demonhated ' the 
contrary, and it n o 6  appears that the purefi air 
we breathe at any time, 'confib of an intimate 

mixture 
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mixture of various elafiic fluids, or guJes, in 
different proportions. Thofe properties of the 
atnlofphere, called its falubrity and infalubrity, 
depend principally upon the greater or lefs quan. 
tity of one of its, conItituent principles, vital or 
dcpblugiJicated air.-Whether the Euperior regi- 

< ons of the atmofphere canfifi in like manner of 
various elaitic fluids, or whether the fluids are 
the fame or different from thefe below, cannot, 
from the nature of the cafe, be deterqined ex. 
perimentall y. 

The figure of rhc exterior furface of the at- 
mofphere would, from the principles of gravita- 
tion, be fimilar to that of the earth, or of an 
oblate fpheroid ; or, its height and quantity of 
matter about the equator, would be Comething 
greater than at the poles, to preferve an equili- 
librium every where, owing to the centrifugal 
force, which is greatefi at the equator. T h e  
cienfity of the atmofphere, fuppofing it of ah 
uniform temperature, and alike conitituted every 
wlier;, would dccreafe in arcending, in a geo- 
metrical progrefion f thus, if the denfity at one 
mile high was ‘I, and that at four niiles high ; ; 
then that at feven miles high would be $, at ten 
miles high 6, &c.-I fay thefe citumfiancer 
wouh be, were it not for the fun, or the prin- 
ciple oE heat which it feeins to produce; but by 
means of the unequal diffufon of this principle, 
 he circumitancw 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 * Rates the 
mean annual heat at the equator at 84O, ‘and 
that at the pole at 3x0 .  Moreqver, 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 1 9  for every hundred yards. 
Experience proves this, as far as to the fumniits 
of the higheft mountains, which i s  about 3 d e s ;  
and hence it may be inferred to be Eo above 
that height. 

The great heat in the torrid zone rarefies the 
air, by increafing its elafiicity ; confequenrly the 
equilibrium of the atmofphere is difturbed. The 
rarefied Lair afcends into the higher regions, 
where, meeting with little refiltance, it muit 
flow northward and fouthward ; the pregurc 
upon the northern and fouthern regions is thus 
increafed, and a current muR fet in below, to. 
wards the equator, to refiore the equilibrium.- 
Hence, the higher temperature within the torrid 
zone, fwells the atmofphere there, and raifes it., 
or at leafi the grofs parts of it, to a much greater 
height than elfewhere ; whilit 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 deitroys. 

the 
* &%mate of tbe temperature of d@r414t &it&. 
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;the law of decreafe in denfity above mentioned,. 
and greatly contra& the height of the amof- 
phere, as deduced from fuch law; though this, 
circumltance has perhaps no effelt upon the fi- 
gure of the atmofp’phere. 

Philofophers have attempted to find the height 
of the atmofphere by tho  methods ; namely, by 
the duration of iwilight, and by- experiments 
upon the defcent of thd barometer on high 
mountains. The former determines the height 
about 45 miles, as follows :-the twilight dif‘ap- 
pears when the fun is I 8 O  below the liorizon 5 
hence it is argued, that a ray of light emitted 
from the fun, fo as to be a tangenr to the earth’s 
hrface, after pafing through the atmofphere, is 
reAeQed from its external furface fo as to be a 
tangent to the earth’s furface again, at 1 8 ~  dif- 
tance from, the former place of contaA. This 
argument being admitted, aEords dara to ‘find 
the height of the atmofphere, a proper allowance 
for refraaion being firfi made. -Several objec-, 
tions to this conclution however may be fiatod ; 
amongit others, it may be faid, we do not kndw 
whether the light, which comes to US at the 
dawn .or departure of day, has been once or 
twice reficCted ; , it mayy 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 
&at the height of the atmofpphere, or of that 

region 
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region of it which is denk' enough to reflea 
light, is not fo much as 45 miles. 

Barometrical experiments afford a much furer 
approximation to the height of the armofpllere, 
or rather perhaps of the more grofs and heavy 
parts of it. From thefe we are affured, that a 

Jratum of air reaching from the earth's furfacc 
to the height of 4 Engiiih miles, at all times 
contaias above one half of the quantity of matter 
k the whole atmofphere ; and by extending'the 

, laws thence refulting, we infer, that a Jrntunr 
I 2 or i 3'miles high, contains %'ths of the v~liole : 
or, if a barometer, fianding at 30 inches, Was 
elevated to that height, the mercury would fall 
zg inches. 

The following table and theorem, extra&tcd 
from Sir George Shuckburgh's letter to CO], 
ROY, (Philofophical Tranfaeions, Vol. 68 , )  will 
krve to give my readers an idea is what man- 
ner the barometer is made fpbfirvient to the 
p u r p l e  ; and alfo how the height of 'mountains, 
&e. may .be afcertained by means of the baro- 
meter.-In order to underitand the ufe of 
the table, it fhould be obferved, that two per- 
fons are to take cotemporary obfervations, upon 
two barometers and thermometers, one perfort 
having one of each at the bottom of the moun- 
rain, and the othereat the top. 

*ShC 



The Talle 

Feet. - 
86.85 
87-49 
88.54 
89.60 
90.66 
91-72 
92*77 
93982 
94.88 

96-99 
95.93 
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This table gives the number of 
feet in a column of the atmofphere, 
equivalent in weight to a like co- 
lumn of quickfilver &th of an inch 
higb, when the barometer itands at 
30 inches, for every so of tempera- 
ture from 33 to 80*.-For any other 
height of the barometer it will be 
in the inverfe ratio of that height to 
30.-Let A '= the mean height 
of the two barometers, in inches; 
a = the difference of the two, in 

EXPLANATION. 

t en th  of an inch ; b = the number of feet, per 
table, correfponding to the mean height of the 
two thermometers; x = the height of the 
mountain, in feet: then, we hall have this 
theorem, Qoal = x, the height required. 

EXAMPLE. 

Suppofe the barometcr,at the bottom to be 
29.72 inches, thermometer 6 4 O  8 the barometer 
at the top 27.46, thermometer 5 8 0 ;  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 

. .* From the tableit appears, that, in round numbers, every 
30 yards of elevation reduces the height of the mercury in 
the barometer & of an inch, near the carth'e furface. 
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of an inch, .or a = 22.6 ; the mean heat of the 
two thermometers z 61 O ; the proportiorial 

, nutnber may be found frotn the table = 92.98 
30 x z2,G x 9 2  98 feet = b ; heace, . -- 

the height required. 
. = e205 feet, 28. jg  

From this tbeorem we can deduce another :- 
fuppoiing the elevation of the u p ~ ~ "  barometer 
given, and the height of its mercurial 'column 
requited ; the other data as before.-Let H' 
= the height of the barometer below, in inches; 
b = the number of feet, per table, as before * ; 
p = the perpendicular elevation of the upper 
barometer, in feet ;  y = the height of its mer. 
curial colutnn, in inches: then, we obtain this 

x H. 6ooG --p theorem, y = --.- Goo0 + p  

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

Eon 
* Tlir height of the thermometer below heing given, the 

height of that hppofed ahove may he efkimated, by dedufi- 
ing 1 0  for every huiidrcd yaide of elevation. 
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fon to conclude, as- will be fken in a fubfequent 
M a y ,  that it extends to a niucli greater heiglit 
than lips cotmqonly been fuppofed. 

'The following table contains the r e f d t  of a 
calculatioil froni the  I;iR iiieiitioned tlieorern, of 
the height of the mercurial column, at certain 
elevations, above thc equator, and likewife over 
the north of Eqlurzd, and thc north pole. 'L'he 
iiiean heat at the earth's rurfhce, uiidqr the e- 
quator, is fuppofed 84' ; the meail heat in thefe 
parts, for the hottefi rnonth of f~immer, at Goo, 
and for the colden inonth of winter at 35' ; tlic 
mean annual temperature at the north pole 
being fuppofed 3 4 O ,  the mean temperature for 
the coldelt month of winter at that place xilay 
perhaps be fiated at 2'. 

___----- --__ 
ieight of tlic mrrcuiid column of 

in inches. 
I I 

, . _ _  -___._._ ~ 

30.00 30.00 30 00 30.00 

13.61 12.yG 12.24 11.19  
8.66 7.38 7.26 6.24 

3.00 2.52 2.05 1.45 

20.55 20.10 19.58 18.81 

5.25 4.65 4.03 3.19 

; 1.58 1.24 .93 .s6 * 

M2 ESSAY 



ESSAY SECOND. 

I N D S  have ever been confidcred, with W reafon, as having a principal ha re  in 
producing changes of weather, and therefore 
they demand a particular regard in meteorology. 

Moa people know that the winds are nbt 
&very where fo changeable as in thefe parts. 
Ib the torrid zone, the winds are much more 
uniform in direltion than they are either in the 
temperate or frigid zones : over ' the Atlantic 
apd Pacific oceans, particularly between 30' of 
north and 30° of fouth latitude, the trade wind$, 
as they are called, blow pretty uniformly from 
eaa to we$ all the year round, with a {mall 
variation in the different feafons. 

The caufe of thefe conitant winds, within the 
tropics, the irigenious and learned Dr, Haliey 
has endeavoured to explain, and his explication 
fee?ns to have been univerfally adopted by others 
fince its publication,-The chief , phyfical prin- 
ciple he ufes, is thc undeniable and\well known 
one, that the air is rarefied by heat ; and, as'the 
earth, in revolving from weit to eaft, expofes 
the torrid zone every day to the dire& rays of 

the 



On Winds. 85 
, the fun, the earth, and confequently the air, io 
there moit heated ; the maximum of heat fo l lot~  
the fun, and therefore moves in a contrary di- 
reaion, or from ealt; to weft; the rarefaaion 
occafioned thereby difiurbs the equilibrium of 
the atmoi'phere fuccefively ; and he argues, that 
a current of air will confiantly follow the BX- 

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 not warranted by the laws of 
motion, ' For, to firnplify, the conception, let UII 

Suppofe a ring with a number of beads arranged 
upon ir at equal diltances, and, abfiraeing from 
the force of gravity, that each of them is endued 
with a repulfive power, in the fame manner as 
are the particles of air. This fuppofition being 
made, let the principle of heat, or any other 
power, which a&s Gmply by incteaGng their 
elafiicity, a& upon them in one part of the ring 
more than in another; this will of courfc fepa- 
rate the particles in fuch part farther than they 
were before, and condente the others; but it 
can never produce a rotary motion of the whole 
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 niafs of particles around 
the ring, can be produced by any forces, which 
they exert upon each other, agreeably to New- 

ton's 
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tun's third law of motion.-We have here fup- 
pored the heat. applied to one part of the ring 
only, but it is plain'the htne conclufion will ob- 
tain if it be applied to feveral parts at'the fame 
time, or fuccefively, or in any other manner; 
likewife if the addition of heat produce no mo- 
mentum, the abJra8ion of it will not. 

Now to apply this to the matter in quefiion T 
let the fun be upon the equator, and the air hn- 
derneath be heated ; then the air in the plane of 
the equator cannot recede from that plane, be- 
caufe the lateral preffure on each fide will be 
equal; and the aEtion of the particles in the 
faid plane upon each other, will be in the fame 
circumitance'as that of the particles upon the 
ring, with refpea to any horizontal motion that. 
may be produced in the plane by the heat of the 
fun. It appears then, that no rotary motion of 
the air round the earth can be produced by the 
a&ion of the fun upon the particles in that plane j 
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 fpeaking of, or the fuccefive rarefallion 
of the air from eait to weft, cannot prpduce the 
effea in queition, nor immediately contri butc 
thereto. 

It will be aiked, if the trade winds are not 
produced by the fuccefive rarefatlion of the 

parts 
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parts of the atmofphere witbin the torrid zone, 
what are they, produced by ?-To this it may be 
replied, that they admit of an explanation upon 
mechanical principles without requiring any hy- 
pothetical rearoning, or any other phyfical prin- 
ciple than that Dr. Halley ufes ; namely, that 
heat rarefies the air. The inequality of heat in 
the different climates and places, and the earth's 
rotation on its axis, appear to me the grand and 
chief caufes of all winds, both regular and irre- 
gular ; in comparifon with which all the reft arc 
trifling and intignificant. The trade winds in 
the torrid zone, and the variable winds every 
where elk, fcem to be the natural effeEts of thefe 
two caufes, and might have been deduced from 
them 0 priori, if the faQs had never been afcer. 
tained by the navigation of the torrid zone, 
Notwithitanding, as we are in poffefion of many 
faQs relative'to the winds, it may be proper firlt 
to ftate them, and then to confider how they re- 
fult from the caufes above mentioned. 

FuctJ reiathg t o  the Winds. 
1. Over the Atlantic and Pacific oceans, as 

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

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

and 
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and, wicc vet@, in failing fouthward, they be. 
come at laft almoft SE. 

3. When the fun is near the tropic of cancer, 
the trade-winds north of the equator become 
more nearly eak than at other times, and thok 
iouth of the equator more,nearly fouth-: and, 
,vice Vega, when the fun is near the tropic of 
capric0 r n . 

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

5. The winds in the northern temperate zone 
are variable, but the mofi generhl are the SW. 
and W. and the NE. and E.---See page 48. 

and doubtlefs in the fouthern alfo, (he winds are 
more tempeituous in winter than in fummer.- 
See *page 49. 

6.  In the northern temperate and frigid zones,. 

Now in order to perceive the reaEDn of theii 
fa&, it muft be remembired, that theibeat is at 
all times greatefi in the toarid zone, and de- 
creafes in proceeding northward, or fouthward ; 
alfo, that the poles may be confidered as the 
centres of cold at  all times: hence it follows, 
that, abftraQing from accidental circumfiances, 
4here muit be a confiant afcent ,of air over the 
torrid zone, as has been obferved, which after- 
wards falls northward and 4buthward ; whilit the 
colder air below is determined by -a continual 
impulfe towards the equator. And, in general, 
-wherever the heat is great& .there the air 

afcend, 
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afcend, and a fupply of colder air will be re- 
ceived from the neighbouring parts.---Thcfc 
tlien are the effdls of the inequality of beat. 

The effeas of the earth’s rotation are as foL 
low : the air‘over any part of the earth’s Furface, 
when apparently at reit or calm, will have the 
fame rotary velocity as that part, or its velocjty 
will be as the co-fine of the latitude; but if a 
quantity of air in the northern hemifphere, re- 
ceive an impulfe in the direEtion of the meridian, 
either northward or fouthward, its rotary velo- 
city will be greater in the former cafe, and le@ 
in the latter, than that of the air into which it 
moves; confcquentiy, if it move northward, it 
will have a greater velocity eaRward than the air, 
or furface of the earth over which it moves, and 
will therefore become a SW. wind, or ;L wind 
between the fouth and w t k  And, vice Vega, 
if i t  move fouthward, it becomes a NE. wind. 
Likewife in the Couthern hernifpherq, it will ap- 
pear the winds upon fimilar fuppofitions will be 
NW. and SE, refpeiZivcly F. 

The trade-winds therefore may be explained 
thus : the two general maifes of air proceeding 

N from 
* M. De true is the only perfon, a6 Fat 9s I know, who 

bas fuggcfied the idea of the earth’s rotation altering thp 
direhidn of the wind, which idea we have here pprted 
marc at large.-Vid. $ 6  Lettree phyfiques, etc” Tom, 5 -  
part, 2. Let. cxlv. 



90 On Win&. 
from both hemiipheres towards the equator, ds 
they advance are confiantly defleEted more and 
more-towards the ealt, on account of the earth's 
rotation ; that from the northern heidphere, 
origitially a north wind, is made to veer more 
and more tpwards the call, and that ftoni the 
foutherrr heinifphere in like inanner is made to 
veer froin the foutih .towards the call ; there two 
maffes meeting about the equ-tor, or in the tor- 
fid zone, their velocities north and fouth deftroy 
rhch other, and they proceed afterwards with 
their common velocity from eafi to well  round 
the torrid zone, excepting the irregularities pro- 
duced .By*  he continents, lndced the equator is 
nbt the centre cr place of concourfe, but the 
northern parallel of 4O; becaufe the centre of 
&eat is about-that place, the fun being longer on 
the north fide of the equator rhan on the: fouth' 
fide. ~ Moreover, when the fun is near one of 
the tropics, the centre ,of heat upon the earth's 
furface is then nearer that tropic than uCtia1, and 
therefare *the winds about the tropic are more 
nearly ea& at that time, and thofe about the 
other tropic more nearly north and fouth. 

e' covered with water, or 
rth's furt'ace in heat re- 

gular and conitant, fo that the heat was the fame 
every where over the fitme parallel of latitude, 
the winds would be regular'alfo: as it is, how- 
ever, we find the irregularities of heat, arifing 

from 



On Winds, 91 
from the interijierfion of rea and land, are fuch, 
that though all the parts of the atmofphere in 
fome for t  confpire to produce regular winds 
round the torrid zone, yet the efF& of the Gtu- 
ation of land is Tuch, that firking irregularities 
are produced : witnefs, the Indooi l s ,  fea and 
land breezes, &e. which can he accounted for 
on no other principlc than that of raref#ion j 

becaufe the rotary velocity of different parallels 
in the torrid zone is nearly alike.-For this rea- 
ion we have omitted giving die faas, and their 
cxplanation, as having been done by othe 

From 4 ,  what has been h i d  it might L e  
that the wind8 in the northern temper 
&odd be between the north and eafi below, 
and between the rout11 and welt above, alinofi 
as regularly as the trade-winds; but when we 
confider the change of fcafons, the diEerent ca- 
pacities of land and water for heat, the interfc- 
rence and oppofition of the two general currents, 
the one of which is verging towards a central 
point, and the other proceeding from it, UT 
might concltide it next to irnpoflibk that the 
winds in the temperate and frigid zones fliould 
&ibit any thing like regularity : notwithitand- 
,ing this, obfcrvations fufficiently evince, that  the 
winds in this our zone are, for the moft part, 
in the direAion of one of the general currents; 

.that is, fome where between the north and eaft, 
or eik between the foutli and weRj  

Na 
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winds in other direQions happen only as acei- 
dental varieties, chiefly in unfeded weather. 

In winter, the heat decreafes more rapidly in 
leaving the gquator, and proceeding northward, 
than at any other feafon ; confequently the cur- 
rents of air to and from the equator, in th t  
northern hemifphere, move with the greatefi ve- 
locity, and occafion the moil tempefious wea- 
ther, in that leafon : and, vice Veda, in fummer. 

The cffeA of the earth’s rotation to produce, 
or rather to accelerate the relative velocity of 
winds, being as the difference betwixt the co. 
fines of any two latitudes, for, to fpea’k more 
AriBly, the effe& is as the fluxion of the co-fine 
of the latitude, the fluxion of the latitude being 
fuppofed conitant3 it will be fmall within the 
torrid zone, and increafe in approaching the 
poles. The hourly rotary velocity of the equa- 
tor is about in40 Englifh miles ; if we fuppofe 
i t  rooo miles it will be accurate enough for our 
purpofe, and then, from a table of natural fines, 
the rotary velocity of any parallel may be had at 
once; the differences of ,there velocities, will 
ferve to give us fome idea of the comparative 
effeQ of the earth’s rotation at different parallels; 
for which purpofe we have fubjoined a table, 
giving the rotary velocity of the parallels of la- 
titude for eyery I O  degrees, together with their 
diqerences, agreeable tg the above fuppofition. ’ 

Degrcea 
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From the rable it *appears, the effett of rhh 
'earth's rotation, to accelerate the relative velociry 
of winds, is about ten times as great at the p o b  
as at the equator ;-by rehtive jveIoGjty, my re&. 
aers will perceive I mean, all along, the vcloci~ 
of the wind relative to the place of the earth% 
furface over which it blows ; hence, the relativb 
Yelocity and direAion of the mafs of air from thb 
q u a t o r  is at firfi altered very flowly, and a f e b  
wards more rapidly, by the earth'p rotatioh; add, 
vice vegu, with rdpea  to that from the pies. 

Had the trade-winds been produced by the 
faEtion of the air from eafi to weit 

alone, independent af the earth's rotation, they 
lfiould have'expnded to 50' of north laoitudo 
when the fun is at the tropic of cancer, bcca& 
the heat at that parallel is then as great ~ 8 4 %  
30" of f h t h  latitude; which is quite contrary b 
qxperienco : in .fa&, ?hey sought to-haw! *eat& 

tended, 
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tended, in a greater or lefs dtgfte, over the 
ocean, from the equator to the poles, and the 
fummers haveFetn more tempefluous than the 
winters, becaufe the daily variation in heat id  
then greatefi ; neither of which we find confilt- 
cnt with obfervation. 

The relative velocity of winds may be beft af- 
certained by finding the relative velocity of the 
clouds, which, in all probability, is nrarly the 
fame as that of the winds ; the velocity of a cloud 
is equal to that of its fhadow upon the ground, 
which, in high winds, is fornetitlies a mile ,in a 
minute, or 60 miles an hour; and a brik gale 
will travel at the rate of 20 or 30 miles an hour. 
-It may be imagined, that the relative velocity 
of winds fbould be continually upon the incteafe, 
by xeafon that their caufes are conitantly in ac- 
tion, aqd.not for a moment only;  but the re- 
fifkancc which a current of air meets with from 
the atmofphere itfelf, and from obje&6 upon the 
tqrth's furface, mufi be very confiderable ; thc 
increafe or diminution of the relative velocity of 
B wind will therefore depend upon the 'propor- 
$ion between the aQive caufes and the 

c aconomy'of winds, an illultration of 
whichd:we have been here attempting, is admi- 
rably adapted to the various purpofes of naturc, 
and to the general intercode of mankind:- 
Bad the fun.revolved round the earth, and not 

the 
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the earth on its axis, the air over the torrid 
zone, and payticulatly about the equator, would 
have been in effitn fiagnant’; and in the other 
zones the winds would have had little variation 
either in Rrength or dire8ion; navigation, in 
this caf‘, would have been greatly impeded, and 
a communication between the two hemifpheres, 
by fea, rendered imprafiicable. On the prefent 
fyQem of things, however, the irregularity of 
winds is of the happieft confcqucnce, by being 
fiibfervirnt to’ navigation ; and a general circu- 
lgtion of air conltantly takes place between the 
ealterrl atid weflern hemifpheres, as .well as bet 
tween the polar and equatorial regions ; by rea, 
€on of which, -that .diffufion and intermixture of 
the different aerial fluids, fo necesary for the 
life, health, and profperity of the animal and vel 
getable kingdoms, is accompliihed c-fuch is the 
ttanfcendent wifdom and providential care of the. 
common FATHER OF ALL! 

PROOF OF THE BARTH’S ROTATION. 

me trade-winds being matter of fa&, if the 
mechanical principles we have explained them 
upon be admitted, we map draw from hence ia 
very fatisfa&tory, and indeed conclufive argument 
for the earth’s rotation on its axis ; for, the 
trade-winds blowing from eaft to weft, we mufi 
conclude, u poJeriori, that the earth revolves the 
contrary way, ox from wcR to eafi. 

ESSAY 
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H16 caufes of the variation of the barometer T have never yet been difcovered, fo as to 
*&nit of demonfiration ; though feveral eminent 
pbilofophers have given the public the refult of 
their reafoning and experience on the hbje&. 
We propofe to confider the principal of their 
al.legations ; but in the firft pIa& it will be proI 
per to lay down the chief fa& refpeeing the 
yariation, which are the refult of obfcrvation, 

not of any hypothcfis. 

Fags relating to tbe Barometer. 
T. The barometer has very ,little vqriqtioq 

witbin the tropics. 
I believe the barometrical range hae not beea obferved 

much to ewceed bolf an inch, in the torrid sone. 

2. Within the northern temperate zone, and 
doubtlefs the fouthern alfo, the range of the ba- 
rometer increafes in going from the equator. 
' T h e  mean annual range* at Park, in latitude'@' 50' N, 
for 20 ycar~, w a ~  I$ inch ; the greatefi range, or differcncc 
between the highelt and loweft obfcrvationa, for the fame 
term, was 2 inches. (Via. Mm~yyn'r Abridgment ofthe Pa& 

* By annual range, f meaa rhc Wbtcnwbemwn tpt bl@@ mdW& 

SCM 

pb&wuigo each year. 
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Jht~ Mrmnirs). At Kendal, iii latitude 54' 17' N. the mean 
range for 5 year8 was 2 13 iiicties; the  greaten range war 
2 65 ii;cties. A comuarifnn of the oblervations made a t  
Laiidon, Kenclal, and A'cJwick likcwife corwboiatcs the fame. 
-11) Sweden, and Rt&t, the range is ftill greater. 

3. In the tetnperatr zones the range and fluc- 
tuation o f  the barnineter is always greater in 
winter than in fumiiier. 

See the obfcrvatioiiu, particolarly the tables, p. 16 and 17. 
4. 'I'lie rife and fall of the barornetcr are not 

local, or confined to a finall diff ria of country, 
but extend over a confiderable part of tlie 
globe, a +ace of two or three thoufand miles 
in circuit a t  l e a k  

Sce the geneial ohferration, page 16. 
In the French I'liilolopllical TriinfaAions for I 709, there 

iR a compnriion of ol)lervatioiis upwi the  baroni&er made at 
Paris :iiitl Gcnou, for 3 years; thc diltuiice of the places is 
at l reR 350 miles; notwithftandiiig this, it was found to rife 
and fall alnioLt iiniverfally on tlie fame day at both places, 
only the variation was lef8 at Grnoa than a t  Pari$, becaufc 
itn lntitude ie lcfs; no differelice in timc was perceived, 
whettier the flu&ciations were fudden or  gradual, except in 
oiie inltance, when the rile was one day later at Gcnoa than 
at Pari;. 

T h e  precire extent to which the fluauationa of the baro- 
metrr  reach, has not, th:it I know of, ever yet been a h -  
tained in any one, i n b n c e ,  fiir want of cotemporary obfer- 
vations made at a great number of di!tant places. 
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in  Yirgitiia;latitude 3 7 O  20' N. the  annual range is above 
'I inch, which is the  farm as at Genua, latittide 44" 25' N. 
6.1 In the temperate zones the mean itate of 

the barotneter in the ruumrner months is nearly 
equidiitant 'from the extreiiies in t ha t  kafon ; 
but in winter the inearl is much nearer the 
higher extreme thar, the lower, 

Accordirii; to the obfcrvations at A'eendol (Ier pagc rG*) 
the !new height of the baronieter I n  J u l y  is diflmt from the 
higher extreme - 3 3  of an inch, and from the lower extreme 
. j 7  ; i n  Jautiary the  r~ieilii is diltaiit from the higlier cxticme 
-79, and from the  lowcr I .  17 : tile ratio of the former dii- 
tanccs ia as I I to 12, and of the latter a5 8 to 12, neatly. 

ProfeGx Mufcbenbrock, in his Elements of 
Natural Philofophy, (tranflatcd by Co&) pub- 
liked about 50 years ago, has endeavoured to 
account for tliofe changes of weight in the at- 
niofphere ; he has adverted to all or mort of the 
caufes that have ever been confidered as agents 
in  producing the effects : he enumeratts the fol- 
lowing caufcs, namely ;- Fitit, the oppofition of 
winds ; fecond, the north wind Wowing, wliich 
cools arid condenfes the air ; t h i rd9  thq winds 
blowing upward or downward; fourth, an in- 
creak or diminution of heat, which rarefies or 
condegfes the air, in confequence of which the 
air's dirtance from-the earth's centre is increafed, 
or  diminilhed, and its weight, as well as cen- 
trifugal force, thereby affeeed; fifth, the air 

" being 
* Tho mean for July, uncorreaed, is 29.77, and for January 29.66, 

which mult bc ufed in thus cafe, bccauk the extremes are not cortetted. 
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being loaded with, or cleared of vapours and 
exha Iatiuns. 

Prorclfor 0 6  Sauf lm,  of Geneem, thinks tlie 
caulk  of the cl ianps of dit :  baroqicter are heat, 
dilrcrent winds, and u n q u a l  denlity of tlie con- 
tiguous /tl-:itu. of air  ; hence the little variation 
withiii the tropics. Tlic priiicipal cauk is olyoliiig 
winds. I-Ic does not deiiy that chy tiiical clianges 
in the air may aXctt the baroiiieter ; he how- 
ever I'ufpefits that lbnie ~ ~ i i k n o ~ n  cniifc has the 
g r a t e l t  cRrA ".-We hall  now confider the 
caulcs above alleged fcverally., 

The idea of oppolite winds having the prin- 
cipal f lu re  in  producing the changes i n  the ba- 
rometer, has eviciently been hggeltcd b y  the 
uniformity of the track-winds, and the final1 
variation of tlic baroineter where they blow ; 
but it ihould be confidered, that  the lalid-winds 
within the tropics do not always blow wi th  the 
geaeral or trade-winds, and rliat  fomeritries they 
are in dire& oppofition ; allh, the monfoons, 
efpecially about their change, produce iunconi- 
mon conflicts of winds, and tenlpcltuous wca- 
tlier, notwithitanding which circuniltancrs~ the 
barometer never has thok  AuAuations tha t  are 
experienced in the other nones. If, tllc;ret'ore, 

0 2  the 

* There hin fentirncnts are talccn from thc Cdi r i t l  R C ~ C P V ,  
for I 787.-WitIiout being poNeGx1 of liis work, w e  cannet 
a;ail;rine hie arpumento particulurly. 
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the idea of oppnfite winds, niecliimically accu- 
mulating or difjierfing the air, be inconfillcnt 
with the firfi fa&, i t  will certainly fail of cx- 
plaining the rea. Befides, it would not be dif- 
ficult to prove, a priori, that the oppofitioir of 
winds, admitting the fa& at the time, could not 
produce tliofe great and long continued accumu- 
lations o l  air wliicli we often experience. 

'I'he fecond caufe, or that of a cold north 
wind blowing, has douhtlel's an effelt upon the 
barorneter, though perhaps not altogether in the 
manner that has been conceivrd.-We hall  con- 
fider this in another point 01 view by and by. 

I h e  third caufe, fuppofing it to exilt at any 
time, can only be local and tranfitory at molt ; 
but the rife or fall of the barometer is general, 
and of confiderable duration : it cannot, there- 
fore, produce the effelt. 

l 'he fourth caufe is much too trifling to have 
arty material influence. 

With refpeA to the fifth,  it muit be allowed, 
that water, when clianged into vapour, conlti- 
tutes a part of the atmofphere for the time, and 
weighs with it accordingly ; aifo, that when va- 
pour is precipitated in form of rain, the atrnof- 
phere lofq the weight of it : but it would be too 
hafly to conclude from hence, that where evapo- 
ratioh is going forward the barometer mult rife, 
and where rain is falling it mutt fall alfo ; becaufc 
air loaden with vapour is found to be fpecifically 
lighter than without it. Evaporation, therefore, 

inc reafei 
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increaks the bulk and weight of the atmofpherc 
at large, though it will not increafe the weight 
over any particular country, if it dilplace an 
equal bulk of air fpecifically heavier than the 
vapour: and in  like manner, rain at any place 
may riot diniinifli the weight of the air there, 
becauk tlie place of the vapour may be occupied 
by a portion of air fpecifically heavier. It fhould 
feral therefore, that when the air over ariy coun- 
try is cleared of Gapours, &c. the barometer 
ought to be higher than ufual, and not lower. 
-Rut we hall  now proceed to itate our own 
ideas on the fubje&. 

It appkars from the obfervations, (fee table, 
page r6) that the mean itate of the baroineter 
is rather lower than highcr in winter than in 
fumiiet, though a flratuin of air on the earth's 
fiir face always weighs n i o r ~  i n  the former fiafon 
than i t t  the latter ; from which falls we mufi 
unavoidably infer, that the height of the atmof- 
phere, or at I d  of tlie g d s  parts of it, is lefs 
in winter than i n  Tummer, conformable to the 
table, page 83, There a re  inore rcalona, than 
one to conclude that the  annual variation in tha 
height of tlie atmofphere, over the temperate 
and frigid zones, is gradual, arid depends in a 
great meahre upon the mean temperature at 
the earth's furface below ; for, clouds are never 
obferved to be above 4 or 5 niiles high, on 
which account the clew air above can receive 

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

Now with refi’eR to the fluQuations of the 
barometer, which are fonietimes very grtat  in 
24 hours, and often from one extreme to the 
other in a week or I O  days, it mult be concluded, 
either that the height of the atmofphere over 
any country varies according to the barometer, 
o r  otherwife that the height is little affckted 
therewith, and that the whole or greatefi part 
of the variation is occafioned by a change in the 
denfiry of the lower regions of the air. I t  is 
very improbable that the height of the atmof- 
phere ihould be fubjeEt to fuch fluotuations, or 
that it fhould be regulated in any other manner 
than by the weekly or monthly mean tempera- 
ture of the lower regions; becaufe the mean 
weight of the air is fo nearly the &me in all the 
feafons of the year, which could not be if the 
atmofphere was as high and denfe above the 
fuinmits .of the mountains in winter as it is in 
fummer, Hctwever, the decifion ofthis quefiion 

need 
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need not refi upon probability ; there are fa&, 
which fufficiently prove, that thc Au&uatisxi of 
denfity in the lower regions has the chief effect3 
upon the barotn'eter, and that the higher regions 
are not h b j d 3  to proportionable mutations in 
denfity. In the tnenioirs of the Royal Academy 
at Paris, for 1.709, there is a cornparifon of ob- 
fervations upon the barometer at different places, 
and atnongft otliers, at .Zurick, in Switxpriond, 
in latitude 47v N. and at Mar-eeiNes, in France, 
latitude 43" 15' N. ; the former place is more 
than 400 yards above the level of the fea; it 
was found that the annual range of the baro- 
meter was the fame at each place, namely, about 
I O  lines ; wliilft at Genoa, in latitude 4 4 O  25' N. 
the annual range was 1 2  lines, or I inch ; and 
at  Paris, latitude 48" 5o'N. i t  was about I inch 
4 lines. In the fame tnenioir it is related, that 
F. Laval made obfervations, for IO days toge- 
ther, upon the top of St. Pilun, a mounrain near 
Mar$il/es, which wab 960 yards high, and found 
that when the baroiiieter varied 2: lines at Mar- 
feiiies, it varied but 15 upon St .  Pilon. Now 
had it been a law, that the whole atmofpllere 
rifes and Fdls with the barometer, the fluaua- 
tions in any elevated barometer would be to 
thof' of another barometer below it ,  nearly as 
the abl'olute heights of the mercurial columns in 
each, which in thefe infiances were far from 
being fo. Hence then it may be inferred, that 
the fluauatian8 of the barometer are occafioncd 

chiefly 



to4 , .On the Variution Ofthe Ba;omcter. 

chiefly by a variation in the dcnfity of the lower 
regions of the air, and not by an altcrnate eled 
vation and deprefion of the whole fuperincun~- 
bent atmofphcre. How we conceive t h i s  flufl'u- 
ation in the denfity of the air to be cffcctrd, and 
in what manner the preceding general fakts re- 
lative to the variation of the barometer tliay be 
accounted for, is what we fila11 now atteinpt to 
cxplain. 

Tt has been obferved already that air charged 
with vapour, or vapourized air, i s  fpecific;illy 
lighter than when without the vapour; or, in 
other words, the more vapour any given qrian- 
tity of atmofpheric air has 'in i t ,  the ids i s  its 
fppecific gravity.-M. De Saufite has found from 
experiment, that a cubic foot of' d r y  air, of a 
certain temperature, will imbibe 12  grains  of 
water; and that every grain of water dillolved 
in air becomes an e l a h  fluid capable of [up- 
porting & of an inch of mercury, while its den- 
fity to that of air, is as . 3  to +--Again, Ur. 
PriEJtley has foind from frequent experiments 
(vid. ExperimentJ and Obljrvattons relating to sa- 

. rious brunches of natural Phitfbpliy, Vol. 6 ,  page 
300) !hat different kind; of air, as for i n h c e ,  
inflammable air, and dephlogifiicated air, the 
Epccific gravities of which are 'as I to I 2 nearly, 
when mixed together, do not obferve the laws 
of hydrofkatics ; for, the irlflalnnlable air, i n h a d  
of riling to' the top of the veffcl, diffufes itklf 

equally 
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equally and permanently through the dephlogif- 
ticated air, at the fame time that no chcniical 
attraaion takes place betwixr them. The Doc- 
tor further obferves, &' that the phlogifiicated 
c c  and drphlogifiicated air, which conipofe the 

atmofphere, are of very diEerent natures, 
'( though withqut any known principle of at- 
'' traQion between them, and alfo of diEcrent 
I C  fppecific gravities ; and yet they are never fee 

parated but by the chemical attra&ion of fub- 
c' fiance$, which unite with the one and leave 
" the other."-Moreover, Sir Belljuniin Thotifin 
has found that moilt air conduEts heat better 
than dry air. (Vid. - .  Philofophical 'I*ranfaEtions, 
12 86.) 

Proin the two f ir i t  mentioned difcoveries WG 

may venture to infer, that if a cubic foot of dry 
air were mixed with a cubic foot of iiioifi air of 
the fwne temperature, the compouiid would oc- 
cupy a fpace of two cubic feet, and be of equal 
elalticity with the Gmples, the two kinds of air 
being inritnately d i f f u f d  through each other. 
Hence then a fluthation of the drnfity of the 
air may happen thus : if a current of warm and 
vapourized ail: flow into a body of cold and 
dry air, it will difplace a part of the cold air, and 
dif€ufe itfelf amon@ the reit, by which imam 
the weight of the Jtratum will be diminiihhed, 
whil(t its bulk and fpring remain the fame ; sand 
vice vet$?, if dry air flow into vapourixed air. ' 

P The 



The firfi fa& may then be accountcd for thus: 
.-the warmer' any air is, the more water it  will 
imbibe, in firniiar circumltances ; hence, the air 
h e r  , the torrid zone, being the hottefi, will 
contain the moll vapour ; and the air about the 
poles, being the coldeft,' will contain the I t d t  * : 
moreover, as the heat within the torrid znne, 
and the height of the atinofphere there, remain 
pretty nearly the iaine all  the year rouiiil, arld 
all the air approaching the zone from the two 
feniperate zones, is gradtially aniinilated in its 
paffage to that of the Faid zorie, it fdiows, that 
there can be little flutiuation of derifity in the 
lower regions of the air, and of courli: little va. 
riation of the barometer in the torrid zone. 

?'tie fecond and third fa& are the neceffary 
rkeldts of the principles we are I afferting :-in 
winter, the frafon when the barometrical range 
is obferved to be greateit, the temperature of 
the air decreafes in proceeding from the torrid, 
through the temperate, to the frigid zones ; the  

d ec r eafe 

,The reqdcr wil l  p1,eafe to obferve, that the terms mo$? 
4r ,  arid vrrpourized air, !!fed in  this and fome other rffajs, 
deilotr nir containing a great portion of vapour. thoiiRh it 
may 'not perhaps be charaaerized a8 filch by a h)gromrter. 
--Thue, a ctibic foot of air at the rquGltorj which thrrc ir 
indicated to be dry by a hygrometer, will contain more vah 
pcitir than a cubic foot of air here, at the freezing tempera-. 
ture, which is indicated t o  be more moilt than the fu!mcr 
by the hyproineter.-The diffwetlce of temperature pram 
~ U C C E  thio effea. 
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dccreafe is a t  firit moderate, but grows more 
and inore rapid as we advance ; in coul'eguenct 
of tliis decreafe, and the law by wbicli it. is 
regulated, evtry place in the temperate zone 

* will, then inore particularly, be Gtuate bctwiqt 
the extremes of lieat and cold, relative to itp 
own temperature, gnil the higher thc latitude 
$lie nearer will be t b d e  extremes to the placcj 
befidrs, that foafoon being liable to the 11ighcLt 
winds, the air will readily be transferred frotg 
one parallel to-another ; and a,s the air at al,l 
ki:ues will endeavour to maintain a propoctioq 
of vapour fuitable to its teiiiprrature, it follow~I, 
that  the air in general in the higher latitude# 
will then both be cold and dry, and in the lower 
latitudes bath wnrnz and m$, relatively tfpcdc- 
ing. 1 he confrquenct. ' is obvious, that as a cur- 
rent iron1 one or the other b a ~ d  prevails, tlic 
barometer will rife or fall accordingly, and thq  
rife or tall will. be greater as the place is fi tuaw 
nrarer to tile extretn'es of temperature, becaurc 
$It: air will in that care rufii.r tllc  lea^ .cl lanp 
in  its pafibge.--In furniner, the. heat all w c r  
the nQrtlirrn hernifphere is biou:;ht alnait to 
at1 equality at the different parallrls ; the who19 
mars of air is heated, fwelled, qnd rcpleni(l1eq 
witti vapour ; the '  air over the norillern rc- 
gions is al!nolt broq.$t into the fame itate as 
withip ,the tropics, and the 'barometer thcrc- 
fore bas almolt ,as little variarioq, in t4at Cc,afan, 

r .  
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T h e  fourth fa& offers nothing incontiitcent with 

our theory : wind3 are the mediate caufe of the 
variations of the barometer, arid the currents of 
air to and from the torrid zone are not 'partial, 
bLt.grnera1, though fubjrn to coofiderable nio- 
difications in dire&ion ; bcfides, independent of 
sinds, t i d e  properties of the air, heat and moi- 
'iture, will always be diffufing thenifclves in every 
direfiion, where there i s  a deficiency of either ; 
from which circumftances, it feeins impnfible 
that the variations of the barometer ihould be 
local, though the amount of each BuQuation will 
not be the fame at places confiderably difiant. 
From the d u a l  celerity of the wind?, the changes 
will happen upon the f m e  day at places very 
difiant; but theory kerns to  require, that the 
northern parallels fhould firit experience the 
higher extremes, and the fouthern parallels .the 
lower, ,and t h e  obfervations upon rht: fourth fa& 
coantenance the inference. However, a ferieir 
of cotemporary obfervations made at two places,, 
differing confiderably in latirude, would afcertain 
the fact; and if the places were one NE: of the 
qthdr, they would+ be itill more eligible fort the 
purpofe, hccaitfe the two general currents of air 
flow in that direation, 

The climate of the eafiern toafi of Nortb 
Americ4 is fo confiituted, that the decreafc o f  
the in'ean temperature in the winter feafon, in 

rocceding northward, is niuch qore rapid than 
on ? 

. *  
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on the weltern coalt of this continent ; the con- 
fcqwnce is, that  any particular place there io 
liable to great and fudden flutluations of tempc- 
racure in tfiat feafon, and there produce propor- 
tionatr CluBuations of the barometer, according 
as the warm and vapoury; or the cold and dry 
air p r  edo mi :i at e. 

, The fixth fa& has not, that I knbw of,'ever 
been accnuiitrd for, O I ~  even been adverted tO, 
by thofe who have attempted to explain the 
caures of the variation of the barometer; and 
yet i t  will adiriit of a fatisfaaory explanatioi 
upon the principles we have adopted. Indeed, 
at f i tR  view, it kerns inconliffcnt' with' thofe 
principles, becaufe we can produce ' no faQs td 
prove why the air may not deviate from it8 
mean tiate of heat and tnoiiture as much toi 
wards one extrerric as towards the other; but; 
allowing what is molt probably the true flate of 
the cafe, that the deviations on each fide arc 
'nearly equal, i t i l l  the fa& of the barometer ad- 
mits of a ,rational fo1ution.-Moik air, ' as hao 
been ibferved, condu&s heat much better than 
dry air; fiow when the loweft extreme of the 
barometer happens, the air is moifi, high wind8 
generally prevail, and the attnofphere is inuch . 
ruffled by clouds and fkorins ; all thefe circum- 
fiances tend to diKufe and circulate the heat, by 
reafon of which the law of'decreafe of tempira. 
ture in afcending, at luch times, muk- be very 

materially 
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materially different frani what it is in foreng 
weather; or, in other words, the decreafe of 
temperature in afcending muft be much flower 
than at other times ; we may venture to fuppofe, 
that, in fome cafes, the mean itate of drcreafc 
f , r  a few miles-of elevdtion will be I O  for every 
150 yards of afcent, infiead of i o  for every LOO 
yards, which is the dual  rate ; the confcquence 
of this niylt,be a greater redsaion of the baro- 
meter than otherwife would ’happen. For, le# 
the weight of the atiiidfphtre at 3 miles of elevq. 
tion be fuppofed equal to 15 inches of mercury, 
&e heat at the earch’s furface equal to 45O, and 
that it decreafa in afcending after die uhal rate 
of L O  for evqry IOG yards ; then, tlie mean heat 
of a colunm Os air from the earth’s l‘uiface to 3 
Bila abovc; it, will be 1 8 O . 6 ,  whence the weight 
of the whole ca1.lyniti from the earth’s furface to 
the top of the, atmofphere may be found by the 

6pob + p  theorem, page 8 2  ; or N z I .  -- 6301 - b x Y (Y be* 
ing given in this cafe) = 2 8.74 iiiches, trie height 
of the mercurial column of the barometer at the 
earth’s furfage: but if we fupppofe the heat de, 
Creaks in afcending after the rare of L O  foK 1 5 0  
yards, then the iiiean heat of the colunin be.. 
wmes equal to 27O.4, and the height of the 
barometer eqq.al to 28.30 itiches ; the difference, 
is 4 4  of an inch, occafioned by this change in 
the temperature, which is greater by .06 of an 
inch than the d$mnr;c of the ran#ag .  abqvc; 

ir;ii 
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ahd below the mean for January, at Ikendal, ar 
itated at page 98. 

T h e  fuppofition made above, I prefurnt will 
not be deemed extravagant, namely, that the 
mean hear of a colurnn of air 3 miles high will 
not differ more from that. at the earth's rurfacc 
than 1 7 O ,  on certain occafions: when we con- 
fider the itrong SW. winds during a thaw, 
(when the loweh extreme ufually happens) and 
that the thermometer often rifea to 450 at the 
fame time that the frofi is in the' earth, and the 
p o u n d  not cleared of h o w ,  we mufl conclude, 
that the then increafing heat comes from the air 
above, and not from the earth, and confequentlp 
that the temperature of the air is greateR at a 
confiderable elevation, and decreafes from thence 
downward as well as upward; w4ich circum. 
fiance alone will greatly add to what the mean 
temperature of the column would otherwik be. 
-This irregularity and inverfion of th,e law of 
heat in the atmafpphere, by which the lowrlt ex* 
treme of the barometer is removed farther from 
the mean Rate than the higheft, can only happen 
in winter, by means of a fudden influx of warm 
air into cold ; but in furnrner the heat of the air, 
being chiefly derived. from the earth's fur face, 
will be more equably diffured upwards, and 
prevent fuch a difproportion in the diitances of 
tkc extreines from the mean, agreeably to ob- 
jiwatiol;. 

Having 
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Having now endeavoured to explain the priq- 

cipaI faes relative to the variation of the baro- 
meter, we hall next advert to fome other par- 
ticulars on the fubjeft, which tend to illufirate 
and csnfirm the doQrine we have advanced. 

The barometer generally rifes with a wind be- 
twixt the north and the eafi; it rifes very high 
during a long and uninterrupted fmfi it was 
higheft for the laft 5 years in January 1789; 
the mean temperature at Kendbl, for 4 weeks 
preceding, was 2 8 O ,  which was lower than for 
any other fiinilar interval in the 5 years ; there 
was only 1.643 inches of rain and fnow for 7 
weeks before; there were clear proofs of the 
prevalence both of cold and dry air. 

The barometer is often Ioy in winter, when a 
Arong and warm S. or SW. wind blows; the 
annual extremes for thcfc 5 years h a w  always 
been in January.; the lowefi was in January, 
1789, about z weeks qfter the above tqentioned 
high extreme ; it was accompanied with a ff rong 
S. or SW. ,wind, and ,heavy rain ; the tempera-' 
ture of tke air at the time was not high, being 
about 37O, but the reafon was no doubt becauk 
one half of the ground 'was covered with how ; 
i t  was therefore probably warmer above.-Nqw 
the reafon why the low qxtremc fbould have at 
that time, as well as at many others, foon fuc- 
eeedcd the high extreme, fecmr; explicable as 

follows : 
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foIlowb:: the extreme and long continued cold 
preceding, mult have reduced the grofs part of 
the atmofphere unufually low, and condenfed 
an extraordinary quantity of dry air into the 
lower regions ; this air was fucceeded by a warm 
and vapoury current coming from the torrid 
zone, before the higher regions, the mutations 
of which in temperature and dentity are flow, 
had time to acquire the heat, quantity of matter, 
and elevation confequent to fuch a change below ; 
thefe two circumltances meeting, ~iaiiiely, a low 
atmofphere, and the greatefi part of i t  coiillituted 
of light, yapoury air, occafioned the prefl'ure 
upon the earth's furface to be fo much reduced. 
Hence then, i t  kould kem, we ought never to 
expeQ an extraordinary fall of tbe baroinetrr, 
unlds when an extraordinary rife has preceded, 
or  at leafi a long and fcvere frofi ; this, I think, 
is a fair indulkion from the foregoing principles ; 
how far it is corroborated by palt obfervations, 
betides thol'e jult mentioned, 1 have not been 
able to learn. 

It is obfervable that the high extreme Tome 
years happens in OBober or March, but generally 
in one of the intermediate months ; the low ex- 
treme is moltly in December or  January. From 
the obfervations at Paris for 20 years, from I 699 
to 17 I 8, inclufive, if -we take I I of the lowefi 
that were made, I O  'of them were in Deceniber 
and' january, and the eleventh in November. 

Q T h e  
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The month of January, 1 7 9 1 ,  will be long 

reinernbered, on accoiiot of th t  IoiTes at rea, and 
damage at land, by the rstraordinat y high winds, 
w 11 i c h p re vai I e d a1 mort i nce ffan t 1 y t h rou g f 1 o ut 
the month, from the SW.-See page 49 Now 
a firong and warm SW. wind blowing contiuu- 
ally in that ftafl)n, when the atmofphcre was low, 
ought to have reduced the mcan nate of the ba- 
rotneter unul'ually low ; the fa& thcrrfore may 
be produced, as an expcrinientum t w j s  of the 
theory ; accordingly, we find from the obfcrva- 
tions, that the mean Rate of the barometer for 
that month was lower by . 1 4  of an inch, in t h e  
north of Englrrnd, and probably lower every 
whcre on the weittirn coal1 of Euiope, than lor 
any oiher month in the lalt 5 years, 

It does not appear from the barometrical ob- 
fervations in the firfi part of t h i s  book, that cold 
alone, indvpcndent of every other circumitance, 
has a tendency to increak the mean weight of 
the atrnofphere over any place ; for, if it  had, 
thd mean fitate of the barometer *would be higher 
in winter than in fummet, contrary to experi- 
ence ; if, therefore, the mean h e  of the baro- 
meter be lower in the torrid than frigid zonesp 
it is molt probably cffeQed by the vapoury air. 

ESSAY 



ESSAY FOURTH. 

Om the relation between Heat atid other Bodies. 

E have nothing new to offer on this fub- VV j c t t ;  but  as fome knowlrdge of the 
matter is requifite i n  order to u n d e r b i d  foiiie 
of the phrtilwiena of riiereorology, we purpofe 
to give a brief exp lmt ion  of fuch f;l&s as m a y  
be adverted to in  the courfe of this work. 

Different bodies that are q u a l  in nrqnitude, 
and of the bine teniprrature, do not contain 
equal quantiries of fire; nriflier do  ciilferercnt bo- 
dies, tha t  are equal in  uwght atid temperature, 
contain c qual qualii t ics ot fire.-For exaiiiple, 
if a cubic inch of iron be heated to IOO', and 

1 tlicn thrown i i i t o  a given quaritity of water at 
so', the teniperatirre of the water uill be aug- 
mented ; but i l  initc.ad of won, kad br ul'cd, thc 
temperature will not be fo niuch augmrntcd ; 
on tlie contrary, i f  the iron and lrad were colder 
than the water, the iron would diriiinifli its tem- 
prrdture moit. I f  equal zeights of iron and Itad 
&ere u ~ t d ,  the refuits would be lornewbat diffe- 
rent, but [till the temperature of the wattr would 
be more auimentcd or diiiiitiihed by tlie iron 
than by the lead. Wlien equal wci,ykr~ are ukd 
in experiments of this h r r ,  that body which aug- 
ments or diriiinifhes the temp( rature the molt, is 
faid te, have tbu greater capacity for heat i be- 

( L a  Gaure 
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caufe a greater quantity of heat is required to be 
added to, or  fubcraQed from it ,  in order to vary 
its temperature equally with the other. 

The fame body, under the different forms of 
Jo!id, Jzzrid, and aeriform, has different capacities 
for heat; in the Tolid form its capacity is leait, 
and greatelt in i t s  aeriform flate ; allb, when any 
hi id  body is converted into a non-elaltic fluid, 
or any noti-elaltic fluid into an elaltic fluid, by 
heat, i t  abforbs a portion 6f heat during its con. 
verfion, which does not increafe its tetiiperarure; 
and when the chmge takes place the contrary 
way, by cold, i t  parts with an equal portion of 
heat, without having its temperature diniinifhed. 
-To infiance in icc, wdtcr, and agiieous vapour: 
if a pound of ice were taken of the temperature 
of 20°,  and a quantity of heat added to it, fo as 
to augment its temperature to 25'; an equa1 
quantity of heat would augment the temperature 
of a pound of water lefs than so, and of aqueous 
vapour MI leh. Again, if a pound of ice of 
3 2 O ,  and a pound of water of 172' were mixed 
together, the temperature of the mixture would 
be 3 2 O ,  becaufe the ice requires 140' of heat to 
melt it ; that is, it requires as much heat to melt 
it as would increafe the temperature of a pound' 
of water 140'; whereas, if a pound of water of 
3 ~ '  were mixed with a pound of water of 17205 

the temperature of the mixture would be the 
mean berwixt the two, or 102'. Alfo, it has 
been found, that aqueous vapour, when conr 

den fed 
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denfed into water of the fame temperature, givee 
out 943O of heat. 

T h e  capacities of earth, Jones, and fand, for 
heat, are much le& than that d water. This iu 
one caufe why the vicifitudes of temperature 
a te  grcatcr at land than at leaY. 

Another particular relative to heat is, that 
foiiie bodics conduA it better than othei-s ; in 
t h i s  rel'pctt there is a Itrikiiig rekinblance be- 
tweeii tlie elcaric fluid and fire; for, tiiofe bo- 
dies which contluA the cleAric fluid well, as 
mctals, water, &c. all'o conduQs heat well,- 
GmJ, j .aiin,q-w,rx,  and other elrttrics, condu8 
heat very floyly ; alfo dry land, whether the Fur- 
face be (tony, randy, or earthy, is found by ex- 
perience to condutl lieat flowly. 

Sir B. Thonifin has by a h i e s  of experiments 
(fee Philofophical 'I'ranfdtions, I ;; 8G) tound the 
powers of a few bodies tQ condua heat to bc 
proportionate to the following numbers, namely: 

Mercury - - - - - - - - 1000 

330 M i l t  air - - - - - - - - 
3 '3  Water - - - - - - - I 

Common air, denfity I - - - - 80.11 
Rarefied air, deiiiity 4 - - - - 80.23 
Rarefied air, drniity & - - - - 78 
Torricellian vacuum - . - - 55 

ESSAY 

* Thofe who with to fee the fubjeB touched upon above, 
difcuffed at large, may per& Dr. Crawfw&e E x p i m w t s  
and 01Jcmation.s on Animal Haat and the lirJ4aination of corn. 
lgrble BodicJ. 
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E S S A Y  FIFTH. 

On the TernPerutun of dgerent Climates and 
Seajns. 

R. Kirwnn has treated of this fubjeEt in 
lo able a manner, that wc can do little 

more than extra& from his work *, 

That the fun is the primary caufe of heat all 
over the earth, is altnolt too apparent ever to 
have admitted of doubt ; though fotne philofo- 
phhrs have imagined a central heat or body of 
fire in the earth, which, by its emanations, tni- 
tigates the feverity of the winterk in the higher 
latitudes : the opinion is, however, difprovrd 
by fa&$, which hew,  that the temperature of 
places 30, 40,. or 53 feet below the earth'b fur- 
face, remains nearly the h m e  all the year roiind 

'as the mean annual temperature at the furface, 
and that at a lefs depth the temperature varies, 
in' a h a l l  degree, with the fearon. 'I'he fa& 
feems to be, that in winter the earth gives out 
to che atmofphere a portion of heat received in 
fu In me r . 

1 

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

o bfe r va bl e 

* qirnai8 of tbe ~arnpcraiurr qfd#rent LatitudH. 
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obfervable that clear air is not heated in any 
feifible degree by the aQion of the fun's rays. 
T h e  dire& rays of the fun falling u p o n j a n y  or  

fatidy ground, are found to increafe its tempera. 
ture aaiazingly, partly on account of its h a l l  
capacity for lieat ; whillt the temperature of wa- 
ter is thereby increafed very little, from its great 
capacity for lieat, the reflektion from its furface,' 
arid evaporation. Water being a much better 
conduQor of heat than land, prekrves a greater 
uniformity of temperature ; whilft land is inotc 
fubjeo to the vicilfitudes of heat and cold. 

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

Evaporation and the condenlation of vapaur 
are made fubfervient to th t  more equal diffufion 
of heat over the different climates and places: 
evaporation being great in the torrid zone, a 
valt portion of heat is thereby abforbcd, and 
rendered infenfible, till being carried northward 
or  fouthward, the vapnur is condenfed, and giver 
out its heat again, which being diffured in the 
atmofphere, augments its temperature very con- 
liderably. 

Mr, 
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Mr. Xjrwan, coniidering thefe and other cir- 
cumfiances, judges it niofl eligible, in compar7i3ng 
the temperature of different places, to fix upotl a 
fituation that may Cerve as a ftandard of cornpa- 
rifon, and he judiciouily prefers the fea to the 
land, as being more free frorn'accidental vari- 
ations. By combining theory with obrervation, 
he obtains the mean annual heat of' rhe equator 
equal to 84", and tihat of the pole 3 I O  ; and then 
gives the following theorem for the mean annual 
temperature of ,the ftandard fituation in every 
latitude ; aamely, if S = the natural fine of any  
latitude to radius I ; then, 84 - 53 x S a  the 
mean annual temperature of that latitude. 

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

Table of tke mean annual tt.mpcrature ofthe jandard 
Jtuation, f i r  every 5 degrees of latitude. 

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

1. Elevation diminilhes the mean temperature 
of places. Its effeas Mr. Kirwan ftates as fol- 

lows : 
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lows: if the elevation be moderate, or at the 
rate of 6 feet per mile frotn the nearelt feq; 
then, for every 200 @et ~f elcvation, 
a degree for the diminution of .the 
temperature. 

If the elevation be 7 feet per mile, allqw + of a degree. 
13  feet r6 
15 feet, or upwards 4 

N. B. The elevktion of any i n l a d  place may be found 
fufficiently cxa& for thin purpofc, by i>bferving how mi&h 
the mean annual. height of the batomhtr falle hort of 30 
inchee,. and allowing for the difference, according to the 
thcore\m in page 8 4  ; hecaufc the mean annita 
barometer, on a Ievel’witb the fca, ie nearly 
wher?. 

fiance from the Rand- 

xatc :. 

R l ’h is  
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This efe& of diflance from the flandard O* 

, tean Mr. Kirwan feems to a t t r i h e  to the un- 
. equal capacities of lalid and water for heat ; \but, 
with deference to the opinion of Po refpeCtahle a 
philofopher, I think- this alone inadequate to the 
effe0i. ' For, if larid in general receive niote heat 
immediately froiii the fun' in a year than water, 
the mean temperature of the internal parts of 
the continent ought to ,be the grcatett from the  
Cquator to tlx pole. ' And if land receive /tJJ 
heat, then, for ought that appears, the mean 
,temperature of the internal parts of the conti- 
nent might be qxpetked the 1eaTt in wery lati- 
tude;  but in neither cafe, I think, could be 
conclude cz priori, from the mere difference of 
capacity, that the mean heat of the internal partg 
of the continent would'bc greater near the equa- 

4efs rn6r.e northward, than the mean 
n the toafi.-'l'o account for the eff& 

propofe the f& in ,qucfkion, we hall thcr 
'lowing thcmy. 

,bet it be firR fup that rdater receives s 
greater quantity ol 'from 'the fun's rays, 
than land in general, under every !prallel df la- 

quantity of heat received wjU doubtleh be proportiaaatr w 
the raye imbibld, 
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rated from the &a, in the torrid zone, than frotn 
an equal area of land in the fame zone ; Iience 
it will follow, that the quantity of heat abforbcd 
by tlie vapour may, for ought we know, be fo 
great as to reduce the mean teniperature of the 
fea there below that of the land: in fuch cafe it 
is evident, the further any place is diflant from 
the rea, the greater muIt its mean tmperature 
be, all other circumltances being the fa!ne. A- 
gain, tlie fartlier we proceed noithward, the lefs 
i s  the quantity of water annually evaporated 
from a given furface of the fea; hence there 
may be a parallel of latitude where the k a t  ab- 
forbed by the greater evaporation of the ka,  is 
equal to d i e  Iicat which the k a  receives more 
than the land; in this cafe therefore, the nieaii 
temperature of the land and fca will be every 
whFre the fame in the fame ,parallel. Farther 
than this, the mean temperature of the fea will 
become greater than thar of the land, and tho 
more To as the latitude increafes, I t  appears 
then, that the difference of tlie capacitv of land 
and water for heat, requires to be joined to thc 
fuppofition that warer receives iiiore abfdute 
heat than land from the fun's rays, before we: 
can produce, a priori, a refult fitnilar to what iu 
fiated above as deduced from obfervatiok 

Aut if we purfue the thought fiill farther, .we 
hal l  perhaps find, thar the above fiaternent of 
the effeA of difitanct froin the Itandard oceatb 

i s  
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is not altogether compatible either with theory 
or obfervation,-and at +the fame time draw a 
conclufion of much importance'to the fubjeQ we 
are now difcufing. 

It is obfervable, that in the northern tempe- 
rate zone, the internal parrs of the eaflern con- 
tinent are generally hotter, in runimer, than on 
the coafi under the h m e  parallel, except eleva- 
tion or fotne peculiarity of foil or fituation dimi- 
n ih  the temperature; bur the cold of winter is 
io much more revere, t ~ i a t  tlie mean tempdrraturc. 
is grearly reduced below the fiandard -Now in 
winter, when the influence of the fun is io weak, 
it ihoiild ke1h that the condcnfdtion of vapour 
alone affords the northern atniofphere a very 
large portion of the fenfible heat i t  lias in thaj 
feafon. At14 i t  appears in the fornier eKay on 
winds, that the general current of air from the 
'dquator is SW. when i t  arrives in the northern 
temperate zone ; this current coming from the 
fca to  the werterii of each continent, will 
there meet with cold air, which condenfes its 
vapour as it proceeds, affording plenteous rain 
and heat to the weltern coaltv: as the current 
proceeds* into the internal parts of the continents 
it  Mes 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 
progrcfs, and grows colder and colder t i l l h  ar: 
rives at the eafiern coaft, unlefs the influx of fea 

breeaea 
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breezes mitigate the temper3turc near the coafi. 
Hence then it may be inferred, that in t h  tcm,, 
peratc zones,. the weJern coaJs of all continents 
and large f l a n h ,  will  have u higher mean temp-  
rature t h m  the eaJern coaJs under the / h e  pa- 
ralfcf ,  and pariiculavly wi l l  have more muderato 
wintt-rs. 

It remains now to ihew how far this inference 
is coontenaiictatl by obfervatim-We are cer- 
t a i n  th i l t  ihr e d t ~ t * ~ i  coafi of A'a is much colder 
t h m  r h e  wtfein coalt of Europe; on the e a k r n  
coalt of Komfihcxtkrr, in latitude 55' N. Capt. 
Cod found f i iow 6 or 8 feet deep, in May, and 
the thermorneter was tnoitly 32' ; and in J a n w  
ary the cold is fionietiiiies - ~ h ' ,  and generally 
- 8": tit Pekin, in China, 'latitude 39' 54' N. 
longitude I 16" 29' L the mran temperature is 
only 55".5, the Ailanlic 'under this parallel being 
62' ; the ufual range of the thermotneter each 
year is frdiii 5" to q8', iiat unlike what it is at 
Philar/elphm, which is under the fame parallel. 
-Again, we are certain that the eaitern coait of 
14Torth' America is i o  or 1 LO colder tlian the OP- 
pofite wefierii coalE of Europe; and Iience it 
may be prdumed, that the weitern coafi of 
North Apierica, or that of Culijhwia, is warmer 
than the eartern. The NE. parts of Siberia on 
the one continent, and the country about Hud- 

Son's Bay on the NE. fide of the other continent, 
feeem equally fubjelk to the inoIt rigorouo cold-' 

ia 
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in wintef.&But to proceed to the other ma- “ 
dificatioris of the kandard temperature. 

3. A8 for the effeas of mountains, forefis, 
Peas,, &c, upon the mean annu’al tetnperature of 
places, Mr. Kirzuan obferves, that all countries 
Iying to the windward of high mountains, and 
extenfive forefis, are warmer than thofe lying to 
the leeward, in the fame, latitude. Countries 
that lie louthward of any fea arc warmer thin 
thofc that have that rea to the fouth of  them. 
Iflands participate mort of the temperature of 
the fea, and are therefore not fubjelt to the ex- 
trema of heat and cold fo much as continents. 

We hall here introduce a table containing 
the mean annual temperature of fevebal places, 
as determined ‘by obfervation, from the ‘‘ LRi- 
mate, &c.” page I 13; 

. . . .  

4 The& two places xa infatad &om page +g and 30 d dtds work, 
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Franeker - 
Berlin . * -  

Lyndon, in Rutland - 
Leyden - ' - - 
London - 
Uurrkirk - - - - 
Ruticn I -  

RttiGon - - 
Paris - - L  

TwyeR, in  Champaigne - 
Vienna - - - - 
Dijon - - - 
Nantee - - - 
foitieree - .. 
Laufanne - 
Padua - - - - 
Rhodeb, in  Cuienne - - 
Bordeaux - 
Montpelier . .I - 
Marfeilles - - 
Mont Louie, in Rotifillon - 
Cambridge, id New England 
Philadelphia = - - 
Pekin - - . I  

Grand Cairo - 
Canton - - - 
Tivoli, in St. DominRo - 
6 anifh Town, in Jamaica I - 
Fort St. George ; a 

Pontichctry - I c 

Falkland Iflandr - . 

Mdiihcirn  - - -  

dsn i l~a  - - \ - - 

North 
Lat. 

52' 32 
52 30 
52 IO 

5' 3' 
51% 2 
49 1 7  
49 26 
48 56 
48 50 
48 t8 
48 I2 
47 ' 9  
47 '3  
46 39 
46 3 '  
45 a3 
45 21 
44 50 
43 36 
43 ''10 
42 
42 2s 
39 56 
39 54 
36 49 
30 
23 
19 
18 15 

13 

sou+ 
ht. 

0 I32 

- -- 
5 3 O  0 

'4 36 

11 

5 ' 0  0' 
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In fome parte of Africa the heat even exceed6 that of 

Of all inhabited countriee, Siberia &erns the cdldcfi ; itr 
great elevation and diRance from the ocean both confpire'to 
make it Eo. Mercury has often been frozen there by the 
nqtural cold, which codequently exceedcd - 39". T h e  
mean temperature of Irkula, latitilde 52"  t s '  N. lortgitude 
IO!* E. from OEtol1et.1780 to April 1781, was -a".$. 

At PetrrJpkgb the cold has been known - 3 g O . i  and is 
one year with another, at, an average, - z 5 O  ; the greateft 
furnmcr heat, on a rncan, is 7g0, yet once it amounted to y4O. 

General O q r v a t i o n r  and ?ferences. 

EJimafe, We. page 19. (( The temperatures bf 
different years differ very little near the equator, 

'bur they differ more and more, as the latit 
approddh the PO I .  

' '6 It Ccarce ev 

8 <, 

eezes in latitudes under j i b ,  
unlefs in very elevated-fituations ; and 
ever hails in latitutes higher than 6oQ. ' 

Betinrden latitudes 35Qo and 6005 'i 
ajacenk 'to the Tea, it generally thaws when the 
fun's altitude is 4oQ, and ieldom begins, to freexc 
until the fun's hnctridian altitude is below 400.'f 

' . + 1  I 

e-48:; GS The great& cold, 
hours, general1 
iun-rifo, in all 

Q 
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all latitudes between 60° and 450, is found 
about half pafi 2 o’clock in the afternoon; be. 
tween lat. 4 5 O  and 3 5 O ,  at 2 o’clock; between 
lat. 3sd and, 25O, at half pafi I ; and between 
lat. 2 5 O  and the equator, at I o’cloclc. 

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

L6 The coldefi weather, in all climates, gene- 
rally prevails about the middle of January, and’ 
the warinefi in July, though, aitrononiically 
[peaking, the greateit cold kould be felt at the 
latter end of December, and the greatefi heat in 
the latter end of June; but the earth requires 
fome time to tale, or to lore the influence of 
the fun, in the fame manner as the Tea, with re- 
fpen to tides, does that of the nioon.” 

Page 104, Wc. L c  July i’s the warmcfi month 
in all latitudes above 4S0 ; but in lower latitudes 
Augufi is generally the warmelt. 

c c  December and January, and alfo June and 
July, dilfer but little. In latitudes above 30°, 
the months of Auguft, September, OQober, and 
November, differ more from each other, than 
thofe of February, March, April, and May. In 
latitudes under 30°, the difference is not fo 
great. The temperature of April approaches 

S niorq, 
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more, every where, to the annual temperature, 
than that of any other month: whence we may 
infer, that the effeas of natural caufes, that ope- 
rate gradually over a large extent, do not arrive 
at  their niaximrcm, until the aQivity of the caufes 
begins to diminik ; this appears alfo in the ope- 
ration of the moon on feas, which produces 
tides ; but after thcfe effe&ts have arrived at their 
mnximum, the decrernents are more rapid, than 
the increments origiiially were, during the pro- 
grefs to that maxiniurn". 

C L  The differences between the hottefi and 
coldefi months, within zoo of the equator, are 
inconfiderable, except in fome peculiar f tua-  
tioris; but they increafe in proportion, a6 we 
recede from the equator. 

In 
* T h e  foregoing obfervations, made at  Kcridal and Kf. 

wwk, afford fome remarkable exceptions to the three lxk 
general obfervatione.-December i e  the coldeit month in * 

there places; though perhape a mean of 5 years is not fuf- 
ficicnt to determine the point. Augdt is generally the 
marmeft month, and not July ; the reafon of this laf I take 
to  be,.our mountains being topped with fnow during the 
fpring, which retards the increafe of temperature, and throws 
the maximunt of heat later in  the fummer. For the fame 
reafon, the month of April is colder than the annual mean : 
OEtoher feeme the neareR to it. T h e  itantlard temperature 
for thofe places is 4g0 ; the difference, being between 2 and 
30, muCt be attributed, I think, chiefly to the extenfive 
range8 of mountains and high lands, in almoft every direc- 
tion ; unlefa, perhaps, we have determined the temperature 
too low.---Sec the obfervatione, page 30. 
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In the higheIt latitudes, we often meet with a 
heat of 7 5  or 80" ; and particulady in latitudes 
59" and 6 3 O ,  the heat of July is frequently 
greater thdn in latitude 51'. 

Every habitable latitude enjoys a heat of 60' 
at leafi, for z months; which lieat f t m s  ne- 
celljry, for the growth and maturity of corn. 
The  quicknefs of vegetation, in the Iiigher la- 
titudes, proceeds f ro in  the duration of the fun 
over the horizon. Rain is little wanted, as the 
earth is fufficicntly moifiened by the liquefat7ion 
of the how, that covers it during the winter ;  
in all this, we cannot fufficiently admire the wife 
stifpolition of Providence. 

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

VAPORATI ON is that procefs in nature E by which water and other liquids a r t  ab- 
€orbed into the atmofphere, or are converted 
into elaltic fluids, and diffufed through the at- 
mofphere j the liquid thus changed, is termed 
vapour, and the vapour is charaaerized by the 
name of the liquid, from which it was generated, 
as apueous vapour, or the vapour derived from 
water, &c.-Whether the vapour. of water is 
eier chymically combined with all or any of the 
elaltic fluids confiituting the atmofphere, or it 
always exifis therein as a fluid Jui generis, dif- 
fufed amongfi the reft, has not, I believe, been 
clearly afccrtained. 

T h e  following circumfiances are found pow. 
erfully to promote evaporation ; namely, tlerrt, 
dry air, and a decrenjd weight or preflwe of the 
a’tinofphere upon the evaporating furface. The 
firk and fecond are known to ,have that eff’elt, 
from every one’s experience ; the lafi is proved 
to  h e  fuch an effeQ, by the air-pump. For, 
when the air is cxhaufted out of a receiver, a 
large quantity of vapour is raifed from the wet 
jeiltller up011 the pump plate; this vapour is ’ 
precipitated again when the air is let in, lo as to  

appear 
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appear ,falling like a flower*. If a quantity of 
warm water he placcd under a receiver, when 
the air is rarefied to a fufficient degree, the water 
boils with great violcnce, and a large portion of 
it may in this iiianner be readily raifcd in vapour, 
which is as foon condenfeed by the cold of the 
furrounding medium, and falls upon the leather 
of the puiiip-plate. The reafon of this is, that 
the greatd? heat water is fufceptible of, or its 
boiling heat, depends upon the preffure of the 
air upon its furface; the lefs the preffure, the 
lefs is the boiling heat ; aqd whenever it arrives 
at the boiling heat, the greater lieat applied to 
auginent its temperature, infiead of doing fo, 
coriverts a portion of it  into vapour, which, as 
has been remarked, abforbs a great quantity of 
beat, without any increafe of' temperature j-. 

As this variation of temperature in boiling 
water according to the different preflure of tile 
air, is a circumitance not foreign to the fubjca 
we are upon, and perhaps the quantity aiid mode 
of the variation niay nat be generally known, 
we hall here introduce the refult o f a  feries of 
cxperinients tnacle in order to afcertain what 
prefi'urc upon the furface of water is reqiiifite 
to make it boil at a given teniperarure ; having 
never ken any fiiiiilar account, though the thing 

has 
* See a notc upon this f%bje&, page 136. 

f gellce we fee the reafon of the provifo, page 20, in 
determining the boiling poist pf thrrmoneterg. 
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has probably been done by others with more 
accuracy. 

'Heat of the water Pnffun its 
when firfice, hi inches 

of mercury. 
_I -- 

2 1 2 O  30.00 
200 24.8 
'90 18.6 
I80 1.5 2 
1 7 0  12.2 

I Go 9*45 
1.50 7.48 
140 5.85 
' 3 0  4-42 
I20 3 2 7  
1 IO 2.52 
100 ' 97 

Rarefafijon of the 
air. 

I 

' 4 3  
1.6 

2.45 
3.2 
4 
5.1 
6.8 
9.2 

11.9 
S5.Z 

2 

8 0  , I I .03 

N. B. M. De SauJire found the heat of boiling water 
upon the fummit of mount Bhnc, 186' ; the height of the 
mountain is near 3 miles above the level of the fca ; the ba- 
rometer wa8 16  inchee +&j of a line (a little above 17 Eng- 
lilh inches. 

Experiments of this fort, when made with all: 
the accuracy they will admit of, I am inclined to 
think will lead to the true theory of evaporation, 
and to the Rate of vapour in tbe'atmoTphere; 
upon confideration of the faQs, it appears to me, 
that evaporation and the condenfation of vapour 
are not the effeRs of chymical affinities, but that 
aqueous vapour always exiits as a fluid fui Be- 
neri.r, diffufed among& the refi of the aerial 

fluids. 
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$uids.-It is true, the fa& that a quantity of 
common air of a given temperature, confined 
with water of the fame temperature, will only 
imbibe a certain portion of the water, and that 
the portion increafes with the temperature, feeins 
charaaerifiic of chymical affinity ; but when the 
€a& is properly examined, it will, I think, ap- 
pear, that there is no necefIity of inferring from 
it fuch affinity. 

Granting the truth of the preceding experi- 
ments, when the incumbent air is rarefied "9 
times, water of 80" is at the point of ebullition ; 
or, in other words, aqueous vapour of the tem- 
perature of 80", can bear no more than 1.03 
inches of mercury, without condenfation ; this, 
then, is the extreme denfiry of the vapour of 
that temperature. Now, when a quantity of at- 
mofpheric air of 80" imbibes vapour, the vapour 
is diffukd through it, and it  may therefore con- 
tinue to imbibe till the denfty of the vapour, 
confidered abfiraaedly, becomes & of what it 
is when under the preffurc of 30 inches of mer- 
cury, and its temperature 212'; or, till -& of 
the bulk of the compound mafs is vapour, and 
then it will be faturated, or imbibe no more; 
becaufc if it did, the denfity of the vapour muit 
be increafed, which it cannot be in that tempt- 
iature, without lofing its form, and becoming 
Water, Thus then it appears, that upon this 
hypothefis, there is no need to fuppsfe a chy- 

mica€ 



t 36 On Evaporation, Rain, Wc. 
hiical attra&ion in the cafe ; and further, that b 
cubic foot of dry air, whatever irs aenfity be, 
will itnbibe the fame weight of vapour if the 
temperature be the fame ; and lafily, that it may 
be determined 4 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 irn- 
bibe, fuppofing the fpecific gravity of air .001z7 

and that of vapour to air as 3 to 4:-A cubic 
foot of water weighs 437500 grains, and the 
fpecific gravity of vapour from the data, is .ooog; 
now the compound mal's being denoted hy q, we 
ftrall have &q = the vapour, arid y = I foot + 
~ $ y  4 that is, q = $0 foot ; and the vapour = 
A foot, zz 14 grains. * This, it will be obferved, 
is the refult of the hjpotb&. M. De $a~Jhrl? 
determined by the bK$w-h28fit alluded to, pagd 
104, that a cubic foot of dry air of 66" would 
imbibe I I or 1 2  grains of water. Hence then 
it kerns probable that the hypothefis would a* 
gree with experiment.-By a like procefs, wG 
&all find the, weight of vapour inlbibed by a cud 
hiG foot of air df 15oo, equal to 131 grains." 

Evaporation 
RI 1 cannot forbear rerna*rking in this place, that the fan 

obferved by Dr. D d t ~ l n ,  in the Philofophical TradfaAiod 
gar 1788, fuppotte the theory we have here adtanccd, and 
indeed, I think, cannot be fo rationally accounted for on any 
other : the fact wae, that air during its rarefaaim attrabfg 

heat 
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Evaporation from land in general mull be lefs 

than the rain that falls upon land; otherwife 
there could be no rivers. In winter the evapo- 
ration is fmall, compared to what it is in hum- 
mer, Froin a feries of experiments made in the 
prefent year, 1793, I found the mean daily 
quantity evaporated from a veffel of water, in a 
iituation pretty much expofed to wind and fun, 
for 13 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 greateit: . I  I 15 ; for 26 days of May the 
mean was ,0755, the greatcfi ,1346; for 14 
days of June the mean was ,063, the greatefi 
,098; for 8 dhys of July the mean was .122, 
the greatefi . 1g5  : I never found the evapora- 
tion from water any fuminer much to exceed .2 

of an inch in 24 hours, it1 the hotten wearher. 
From there experituents, and other contidera- 

T tions, 
heat from the furrounding bodies, and givee off heat during 
its condenfation ; now, thc monwnt any quantity of atrnof- 
phcric air is rarefied, its vapaur mutt be rarefied alfo, and 
hence a portion of moiRure will expand into vapour in order 
to rellore that itate of denfity which the ternpcrature admits 
of, and abforb the requifite quantity of heat from the bodies 
adjacent ; again, the moment air is condenfed, its vapour is 
condenfed proportionally, lo that the abfolute quantity of 
vapour which retains ire form, will always be ari thebucc  
accopied by the condenfed air, and the rcR will be prscipi- 
tated, giving off ita heat to  the !orrounding bodies,-Not- 
witbfisndinp what is hcre faid, it is probable that a decrcafed, 
preffurc iipoii the furface of watcr uccchratcJ, if it do not in- 
crenfe the evaporation, all other circurnftancee being the fame. 
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tions, i t  feems probable, that the evaporation 
both from land and water, in the temperate and 
frigid zones, is not equal to the rain that falls 
there, even in fummer. 

When a precipitation (or condenlition, which 
ever it be) of vapour tilies place, if the tempe- 
rature of the air be above js0, tlie matter preci- 
pitated is liquid, or in forin of' rain ; but if the 
temperature of the air be ltfs than  LO, it is in 
form of fnow; whcn drops of rain, in  falling, 
pars throw a Jtrutuiij of air below 32O, they arc 
congealed, and form hail. 

If we adopt the opinion, which, to me appears 
the more probable, that water cvaporated is not 
chymically combined with the aerial fluids, but 
exins a's a peculiar fluid diffiifed amongfi the 
relt ; whenever any condenfat ion of it happens, 
the matter mufi be precipitared, though not in 
the chyinical fenfe of the word ; we would there- 
fore be underftood in this effay to ufe the words 
precipitation and prccipitated merely to denote the 
eEe&, without aoy allufion to chyiriical agency-. 

Different theories to account ,for there preci- 
pitations from the atmofphere have been formed ; 
but the principles of none appear to .  iiie to be 
y o r e  plaufible, and confifient with fa&, than 
that which has lately been offered to the pub- 
tic, in the Edinburgh PbiloSqphical BranfaEtionr, 

* by 
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by Dr. Hutton of that place. From a host re- 
view of the article (for 1 hare not ken the ori- 
ginal) it appears, that he confiders the varieties 
of hrat and cold, af€e&ing the rolvent power of 
the atmofphere, as the h ie  caufes of rain. In- 
deed, when we confider that evaporation and 
the precipitation of vapour are diametrically op- 
pofite, it is geafonable to fuppok that tliey thould 
be promoted by oppofte caul'es ; and as heat 
and dry air are favourable to evaporation, fo 
cold, operating upon air replete with vapour, 
promotes its precipitation. Ttie point upon 
which we diffvr, 1 fiippofe will be, that he cnn- 
fiders water chymically combined with the at- 
mofphere, and that cold produces a precipitation 
in a tnaimer fimElar to what it does in watcr fa- 
turated with falt, or in other chymical procefl'es; 
whereas I fuppofe, that a por.tion of the vapour, 
confidered as a dillin& and peculiar fluid, is 
condenfed into water by cold ; the eE& t e- 
Fulting from the two theories will therefore ,be 
much the fame. 

The reafon then that a SW, witid in ti1c.f'c 
parts brings raln, feeins to be, that, coniitig 
from the torrid zone, it is charged w i t h  VB~OUI', 
and the heat efcaping as i t  praceeds northward, 
a precipitation of the vapour d u e s  ; but 3 NE. 
wind,'blowing from a cold into a wariiier country, 
has its capacity for vapour incrcafeif, and there- 
fore we generaily find i t  promate evapora t im 

Tz From 
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From the obfervations upon the quantity of  

rain that fidldlls in different places, i t  feems clearly 
afcertained, that there is more rain in moun- 
tainous than in level countries, The reafon 
reems to be, that the inferior, warm, and va- 
poury Jtrata of air, firiliing againft the moun- 
tains, are made to afccnd into the colder regions, 
by which means the vapour is precipitated : the 
fituatlon of places, however, may be too high to 
experience an extreme in this refpea ; thus, the 
rain in Switzerland, and amongit the Alps, is 
not probably greater than in the north of Eng- 
land. It is more than probable too, that the 
rain in places fituate near thu weitern coaft of 
Great-Britain, and of the Continent, is greater 
than in the more inland parts. Mr. Clark, in 
his ,,Letters on the Spanifli Nation, obferves, 
thit there was an infiance when no rain fell in 
CaJile for 19 months together ; the province is 
in the centre of Spain, and at a great: difiance 
from the lea. 

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

, 

ProfeRor Muflhenbroek has given us an ac- 
count of the mean aiinual rain at feveral places, 
which 'we hall fubjoin, together with an account 
from Come other places. I The inches differ a 
little in different countries, but the differencc 
i s  too trivial to merit much notice in this place. 

Mean 
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Mean annual &* 

InCllCR \ 

Utrecht, Haerlcrn, and Lifle, each - 24 
Delf,  and Harderwick, each - - a7 
Dort - - - * . - e  
Middleburgh, in Zealand - - - 33 
Parie - - - - - a 0  

- 37 L y o n s  - - -  
Rome 2 - - . - 20 

- 3 7 l  Patiua - - - - -  
344 Pifa - 

Zurick, in Switzerland - - - - 32 
Ulm, in Gcrmany - - - - 26& 

. I - -  

Wittenberg - - ~ 6 &  
Berlin - * - - - - - 19;- 
In Lnncafhirc - - - - - 41 
Upminiter, in EiTeex - - - x s i .  
Bradford, in  New England ( 2  yeitre)* - 3s-4 
Larigholm, ) i n  Scotlandt - 36 + 
Branxholm, 31 + 

- 64.5 Kendal - - * - .  
Kerwick - - - 68.5 

From the table of the mean monthiy rain at 
Kendd and Kfwuick, page 38, it appears, that if 
we would pitch upon 6 Szlccefiive months, which 
together produce more rain than any other 6 
fucceiIive months, at tliefe places, we mu& be- 
gin with September. At Kendal, from Septem- 
ber to March these is 37.6 inches af rain, and 
from March to Seprmber only 26.9 inches; 
at KeJ&i&, the rain in the former period a- 

mums 
* American Phildfkphical Trar@fiions. 

.t 'Edinburgh Philobphical Tranh&onh 
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mounts to 40.4, and in the latter to 28.1.- 
The reafon of this feenis to be, that, in the for- 
mer period, the temperature of the air is de- 
creating, and confequently its capacity for vapour 
alfo ; which circuxnitance is an additional caui'c 
of the precipitation of vapour. In the latter 
period, the capacity of the air for vapour is in- 
creafing, which occaiiofis a lefs precipitation. 

When a precipitation of vapour takes place, 
a multitude of exceedingly fmall drops form a 
cloud, milt, or fog; thefe drops, though 80@ 
times denfer than the air, at firit defcend very 
flowly, owing to the retifiance of the air, which 
produces a greater effe& as the drops arc fmaller, 
as may be proved thus :-Let d = the diameter 
of a fmall drop, and nd  = that of a larger ; then 
the refifiances, being as the fquares of the dia- 
meters when the velocity is given, will be as d' 
and It'dZ, refpeQively ; but the magnitudes arc 
as d' to n'd3, or as I to n*, whence, if the large 
drop be divided into others of the fame magni- 
tude as the fmall one, the number wili.be k n 3 ,  
and the reGItance to them falling, as n'd', whilft 
the retifiance to ari equal mars in one drop is as 
nZd2; confequently, the rcfiltance to the large 
drop is to the refiRance 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 forcc being confiant, the time of 
falling through a given fpace will be greater 

when 
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when the drops are ftnall than when large, 
From this it appears, that clouds confiiting of 
very fmall drops may defceiid very flowly, which 
is agreeable to obkrvation ; if the drops in fal- 
ling enter into a Jratuna of air capable of im- 
bibing vapour, they niay be rediifolved, and the 
cloiids not defcend at all ; and if the air’s capa- 
city for vapour increafe, they may be all ini- 
bibed, and the cloud cntirely vaniih. On the 
other hand, if the precipitation go forward, and 
the air below have its full quantity of vapour, 
the fttiall drops meeting one another, will co- 
alefce, and form larger ones, and defcend in 
form of rain to the earth’s furface.-What is 
hid of rain, will likewife hold of fnow, except 
that the ftnall particles coalefcing form flakes, by 
reafon of their not being fluid*. 

From the important obfervations on tlie height 
of the clouds (page 41) we learn, that they are 
feldorner above the fumniit of Skiddaw, in Nov. 
Dec. 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- 
hrement extended above the futnmit of the 
mountain, it i s  probable, from the apparent law 
of rhe table, that there could,not be many ob- 

fervations 
* Thie account of the nature of clouds, and of the mode 

of their riling and falling in  the atmofpherc, was fuggeRed 
by a plrilofophical friend and acquaintance; and it appears 
to me very rational and confiltcnt. 
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fervations above I 300 yards in winter, nor above 
2000 yards in fummer. This, it mufi be ob- 
ferved, relares to the height 6f the under furface 
of the grofs clouds only. The'finail white ftreakcs 
of condenfed vapour which appear on the face 
of the iky in ferene weather, I have, by feveral 
careful obfervations, found to be from 3 to 5 
miles above the earth's furface. 

When vapour is condenred into fmall drops 
upon the furfaces of bodies on 'the ground, it is 
called dew ; the only feeming difhrence betwixt 
dew and rain is, that the condenfation of the 
vapour in the one cafe is made at or near the 
furface of the body receiving it, and in the'other 
the drops fall a confiderable fpace before they 
reach the earth; the caufe is the fame in both 
cafes, namely, cold, operating upon vapoury air.' 
At firk view it will feem inconfiftent that a con- 
denfation of vapour ihould take place in the air 
refiing upon the earth's furface, which is gene- 
rally hppofed to be warmer than that above; 
but it is .an inconteftable fa&, that after fuu-fet, 
and during the night, in ferene weather, the air 
is coldefi at the earth's furface, and grows warmer 
the higher we afc'cend, till a 'certain moderate 
height (perhaps from 20 to IQO yards, or up- 
wards), this 1 have often obferved myfelf, before 
I happened to fee it elucidated, by a feries of 
experiments, in the Letcres ;phyJiq.ue.r, Vc. Tom, 
5 ,  page 561. And accordingly we find, that 

dew 
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dew and hoar frofi are more copious in valleys 
than in elevated fituations. That dew depends 
upon this circurnfiance can hardly be doubted, 
becaufe when clouds or 4inds preveht it, there 
is little or no dew formed. 

W e  fliould fcarcely be excufed, in concluding 
this e&y without calling the readkr’s attention 
for a moment to the beneficent and wife laws 
eltablihed by the Author of Nature, to provide 
for the various exigencies of the fublunary crea- 
tion, and to make the feveral parts dependent 
upon each other, fo as to form one well regulated 
fyfiem, or whole.-In the torrid zone, and we may 
add in the temperate and frigid zones alfo, in 
fummer, the heat produced by the aAion of the 
iblar 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 conG- 
derable, abforbs a portion of the heat imparted 
to the’earth by the fun, and thus renders the 
tranfition from cold to heat flow and gradual ; in 
autumn the fun’s influence fails apace, and the 
condenfation of vapodr contributes to keep up 
the temperature, and prevent too rapid a tran- 
fition to winter. 

V ESSAY 



ESSAY SEVENTH. 

011 the Relation betwixt  the Bclrorivetcr a d  
Rain, 

lNCE the barometer has become an inflru- S. tnent of general uk, and is adopted as a 
guide by mott people intdreited in the ilate of 
the weather, it may be of fervice to invefii- 
gate the relation Cubfirking betwixt rhe weight 
of the atmofphere and its difpofition for rain, 
from the faAs afforded us by obfervation,-and 
we may at the fame time confider what further 
arguments can be obtained in fupport of thc 
foregoing theories. 

In the f i r f t  place it is remarkable, that, from 
the table of the mean h t e  of the barometer for 
5 years, in page 16, we find the higheit mean 
upon 6 fuccefive months obtained from March 
to Augufi, inclufive ; that is, the mean Rate of 
the barometer for March, April, May, June, 
July, and Auguft, taken together, is greater 
than for any other 6 fucceffive months, being at 
Kendul, for infiance, 29.83, arid for the remain- 
ing 6 months, only 29.75. But wliat is more 
particularly worthy of notice, is, that in this re- 
fpeEt, the rain and the barometer are jufi the 
reverfe of each other ; for, in the former period 

the' 
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the rain was leafi, and grcateit in 'the latter, as 
has been obierved, in page 141. 

Again, by recurring to the tables, page 16  
and 38, we fliall obtain the following arraiige.. 
meiits of the months, beginning with that on 
which the n w i n  h e  of the barometer was 
highefi, and proceeding regularly on to the low- 
efi; a i d  again, beginning with that inonth on 
which there was leal& rain, and proceeding to 
that on which there was tnoit. 

Barometer high. Barometer /ow. 
May, Aug. June, Mar. Scpt. NOV. Feh. O&O. Jdy, Dcc. Jan. 

MrEt months. I Dry niontbs. 
Mar. June, May, AUK. April, Nov. 0th. FcL. July, Scpt. Jan. Dec.* 

Now it is obfervable, that the evaporation is 
greatefi from March to Augufi ; confequently, 
the air i s  t hen  farther froin the yoitit of fiitu- 
ration, or has a greater capacity for v;ipour, than 
in the other period ; or, in other words, it  is 
drier, relative to its tcmperatare, than in the 
other period.--I--lence tlien wc have i1 ftrong ar- 

v 2  g u ni e I I t 

* By making the arrangernciite for Krntfd a h c ,  and 
taking in the prefeiit year, 1793, till Aiig~lI,  IN] piut of  
1787, we obtain the followilig : 

Ear. May, Aag. June, Mar. Srp. Apr11, Nov. Feh. July, On. Jan. Dee, 
R*in. Mar, May, June, April, Aus;. OCt. No*. Feb. Srp. July, Jan. l)CC, 
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guinent for the theory of the barometer, as well 
as for that of rain. 

But to be inore particular in the invefiigation : 
-It will be f e n  that there have been 6 months 
when the inem Itate of the barometer at Kendal 
was 30 inches or above ; 9 months when it was 
29 9, or  froin tlicnct: to 30 inches; 17 months 
when i t  was 29.8, or frotn 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 nionrhly rain 
for thofe dihibutions of the months when the 
mean fiate of the barometer was nearly the fame. 
This we have done, and the refult fallows. 

-- -4 

lean ffnte of th 
baromctcr, i 
Kendal. 

The 

* The account in this column, is the refult of the 3 years' obt'ervationm 
we have infencd in the tirfi part; the firR mean is for 4 months, wlim 
the barometer at London was 30. r plus ; the fecond for 6 months, when it 
was 39 plus, &C. the rea are for 7, I 1, 5, 2, and I month% refpeQiely. 

$ Tliere was no rain-gnuge this month at K+uick ; the quantity fet 
~ W I I  is P t  by conlparifon only, 
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The inferences to be drawn froin this table 
are, i f i ,  'l'he higher the barometer is above its 
mean annual itate, tlie Ids rain there is. zd. 
The farther it is below its mean annual itate, 
the more rain there is, t i l l  it  comes to a certain 
point, after which tlie rain kerns to decreafi 
aga i 11. 

The f i r f i  of there inferences, being conform- 
able to coiiiiiioii obfervation, was expeeted ; but 
tlie conclulion in the fecond, that the iiiontlily 
nican h t e  of the barometer may be too low to 
be attended with tlie ninxbium of rain, was not 
apyreliendect till tlie preceding table, which feems 
to warrant it, was digeited. However, it wa8 
immediately perceived, that the point might be 
cleared up, by EeleAing 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 itate 
molt conducive to the greateit quantity of rain. 
-The refult of a careful examination of my own. 
obfervations, at Kendui, follows : during the 
extraordinary fall of rain on the zzd of April, 
1792, (Tee page 38) the mean of the barometer 
was 29.62; the other a days that gave more 
.than L inches of rain each, the barometer was 
2g.gg'and 29.33 refpeQively: as for the other 
56 dayl;, on each of which there was more than 
I inch of rain, the mean ftate of the barometer 
upon the whole of them was 2g047, and far 54 

Of 
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of thofe diys the barometer was between 29.03 
and 29.81 ; the barometer on the other 2 

days was plainly irregular, being on the one 
28.5, and it  is remarkable, that the rain of that 
day was barely I inch; on the other it was 
30.06, attended with an extraordinary circum- 
fiance. (See page 44, upon June 4, 1791). 

From this it appears, that the heavieit rains 
may be expelted when the barometer is about 
'29.47, at this place, or, in round numbers, 29; 
inches, which is a little above the mean of the 
two great extremes obferved in January 1789, 
or 29.44. 

In the lait 5 years there have been 1827 days, 
of which 1082, as per account, had rain, more 
or lefs, at Kendd, and 59 of thde  gave above 
I inch of rain each ; hence, at an average, there 
has been I of fuch days in every 31, wet 
and fair, and in every 18 ,wet days, nearly. 
The number of days when the mean itate of the 
barometer 'was below 29 inches, were 40, of 
which z only were fair; and yet there was but 
I of thofe that gave I inch of rain. From thefe 
faQs we may conclude, that when the barometer 
is very low, the probability of its being fair is 
much fmaller than at other times ; but thar, on 
the other hand, the probability of very much 
rain, in 24 hours, is not fo great as at other 
times, which is confiftent with the conclufion 

obtained 
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ebtained from the fa& ifated in the preceding 
paragraphs, 

Upon an enumeration it appears, that there 
have been 78 days in the difkrent months of 
the lafi 5 years when the rnean fitate of the ba- 
rometer, at Kendal, was above the d u a l  high 
extreme for the month, as fiated at page 16; 
only 7 of thok days were wet, and the rain in 
very fmdl  quantities ; hence, the probability of 
a fair day at that place, to that of a wet one, in 
fucli circumfiances, is as I O  to I. 

The preceding faAs offer nothing but what 
appeam confifient with the theories of the ba- 
rometer and rain ; when the barometer is above 
the mean high extreme for the fcafon of the 
year, the air mufi, relatively fpeaking, be ex- 
tremely dry or cold, or both, for the feafon; if 
it be extremely dry, i t  is in a itate for imbibing 
vapour, and if it be extremely cold, no further 
degree of cold can then be expeaed, and there- 
fare in neither cafe can there be any confder- 
able precipitation : on the contrary, when the 
barometer is very low for the feafon, the air 
muit relatively be extremely warm or extremeIy 
~ i o i j ? ,  or both; if it be extremely warm, it is 
in a fimilar fiate to dry air for imbibing va- 
pour, and if it be extremely moiit, there mufi 
be a degree of cold introduced to precipitate 
the vapour, which cold, at the lime time, raifes 

t ly  
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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 aQually reriiains 
about the low extreme, but they mutt rather be 
the confequence of a junklion or meeting of ex- 
tremes, which at the fame time effe6t.s a mean 
fiate of the barometer. 

ESSAY 



ESSAY EIGWTI-I; 

S this eGdy contains an original difcovery, 
whicli feeins to open a new lield of cnqtiiry 

in philofophy, or rather, pcrliaps, to cstcnd the 
bounds of 'one that has bcen, as yct, bu t  jiiit: 
opcixd ; it may not perhaps bc unacceptable to 
many readers to flate briefly the train of cir- 
cumfiances which led the author to the important 
conclufions containcd in thc following pages. 

Ir will appear, from the obfervations, that the 
author has been pretty afliduous, during thc la& 
6 years in noticing thofe very fingular and Itrik- 
ing phenomena, the aurore bor;cnlcs, as often as 
they occurred; in which tiriie lie has alfo feeen 
and confidered, with a propcr attention, fevcrai 
conjeltures and hypothefa, endeavouring to ac- 
count for them; but as no hyp0r11eGs has yet 
appeared that explains the genefll pbcnotilc. na 
in fuch amanner  as to procure the acquiefcence 
of any rational enquircr, it was natural to ex- 
pee  that his attention would occalionally be 
turned towards an invefiigatioii of the nature 
and  ciufe of tho aut-ora. 

X It 
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I t )  feemed to be fiifkiently proved that thc 

nurora was not without the earth's atniol'pliere, 
though he had never feen any tliiiig done which 
afcertaincd the real height o t  any one appearance 
with a tolerable tiegre:" of accuracy ; and as the 
atmofphere, or at lealt the ,~iolb part of it, is in 
all probability confiiied to the height of 1 5  o r  
20 15nglilh iiiilcs, lie was unwilling to admit of 
the greater liriglit of t h e  nzirol-a, unlcl's coni- 
pellcd to i t  by the refirlt of careful and accurate 
obfervations. 2'11~ prevailitig idea too that the 
aurora tiiay be hetircl, \vas another m m i s  to 
induce h im to think it was at a tnodrrare htight. 
-Appearances, however, were in dire& oppofi- 
tion to the thought ;-that one and the fame 
aurora ihould be fcen over'a vait extent of 
country, wiih much the fame circumftances, and 
rhat Pome of tliem fliould appear in Isranre; 
Spain, and Italy, whilit thry fo very fcldoni pafs 
our zenith in the north of England, was a very 
firong argument for their great height. The 
beit obfervations likewife upon thofe large fiery 
meteors which occafionally fly over the country, 
and are k e n  a t  ruth diftant places, feem t o  
prove the exiftrnce of an elaitic fluid at the 
height of 60 or  80 miles at leali, which far ex- 
ceeds the height of the atmofphere as prefcribed 
by the: obfervations upon the barometer, or 
even by the twilight ; and i f  the atmofphere 
exceed the height of 45 or 50 miles, as dcter- 
ncned by the obfervations on the duration of 

twilight, 
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twilight, we have no doto f ro in  whence to fix its 
bouricls ; it  m a y ,  for ought we know, amount to 
4 or 5 hundred miles. 

T i d e  confideratiotis, i t  is evident, could not 
fail, of L'uggcltink io tIic author rhe esprdicncy 
of detertiiining, by ailudl obkrvations, thc rcal 
height of the czrirom /)orenli.r. 'IIiis he thought 
might be accoinplillicd b y  clic: at1iItance of his 
friend, and colleague in the buliiielk, Mr. CroJ 
thwaite, of Kqwick, who haviiip lor a long tiine 
been accutlomod to mnlir: fuch obfcrvations, was 
the inore eligible for the piirpofc ; but the iiiaii- 

ner of doing it was fir[{ t o  be determined upon, 
a s  the great dificulty was to afcertaiti that  the 
obkrvations were coteniporary, and iiiade upoii  

one and the h i e  oliject2. 

As the aurora oli'cn confifls of upright beams, 
efpecialiy wlicn higli almve the Iiorixoil, atid t h r k  
feldom continuc oiie riiiiiiite the fiiine, t h e  qudtion 
was, wiietlier to attempi the altitude of tIie bafi of 
the beams, or the vertex, or both ; this put the 
author upon confidering more particularly wI1at 
the real form of thc bcarns is when ftript of tile 
optical illufion, which inufi  accompauy all  ob- 
jeQi k e n  at a great dittance in the ;itrilol'j)lierc, 
namely, that of appearing to coincide wit11 ri le 
blue vault, or fky, and to conflittire a part of its 
fpliericd furface. A very ttiotlerate lkill in 01'- 
tics was fuficient to convince h i n t  that  as t l i c  

X Z  l u  inii~ouu 
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luminous bfzatns at all placcs appear to  tend to- 
wards one point about the zcnith, they niull. in 
reality be ftraight beams, p.irallel* to each.othrr, 
and nearly perpcntiicular to the horizoii ; and 
from the appearance of their brcadth, they niuf i  
be cylindrical. Thefe circuriiltances accounted 
at once for the aurora appcating fo denfe north- 
ward, towards the horizon, and th? beanis being 
fo thin and fcattered towards the zenith, which 
is fo uniformly the cafe. Moreover, as the 
beanis appear to rife above each. other in regular 
fuccelEon one k t  above another, in  fuch fort, 
that tlie higher thc baks of the beanis are, the 
higher are their vertices, it feemed from this 
circuniitance probable, t h t  tlicy are all of the 
fame length and height; if this be the cafe, by 
determining' the greatelk angle fubtt-ndrd by the 
beams, the relation or proportion of their length 
to their height above the earth's furface may be 
de t c r 111 i 11 e d ' g eom e t r icall y , -vl'hi s ci rc m {tancc 
deferved to be kept in view; and it appeared, 
from obfervations niade upon the azirorn after- 
wards, that though the fa& could not eafily be 
aiccrtained, yet fo niuch was certain, that the 
length of the beams bore a very great propor- 
tion to their diitance from the earth, even fo as 
to equal or perhaps furpai's the faid diftance. 

Thus 
w. The author did rmt fer, before May 1793, tils Pl~ilofo- 

pliical 'rrniifaAions for  1790, i n  which lie fill& tliie idea ie 
Iuggeltcd by H. Ctzvrtd,$b, Elq. Z;. K. S. and A. S. 
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Thus Rood the alitllor's linowledge and ideas 

upon the fubjclkt i l l  the autumn of 1792.--l'h~ 
very grand uzironi in the evening.of the 13th of 
Oktober, i w s  tli;it wliicli firit fuggeff ed and led 
t o  rIie tlifcovery of' tlie relation betwist the phe- 
~iamt:~ion and the earth's magnetifm. Wlien 
t 1 le t 11 eo tl o I i t e wxs ad j u ft ed without doa rs, and 
t!ie necdlr at .  relt, it was next to inipoflible not 
r o  riorice the esat l i tude with which the needle 
poi~ited to tlie middle of the northern concentric 
arches : i;)on after, tlie grand dome being form- 
ed, it was divided To eviduntly into two Gniilar 
parts, by tlie plane of the Inagnetic meridian, 
that  the circurnItanccs feemed extremely impro- 
bable to be fortuitous ; and a line drawn to thc 
vertex of the dorne, being in direklion of the 
dippiizcy-needlc, it followed, froin what liad been 
done before, that the iuminous beam at that time 
were all pciraliel t o  the dipping-ncedc. It was 
eafily and readily recolleAed at the fame time, 
that former appearances had bcen limilar to the 
prefent in this rcfpcQ, that the b e a m  to the eaft 
and weft had always appeared to decline con- 
fiderably froin the perpendicular towards the 
Eouth, wliilfk thok to the north and rout11 pointed 
dire&] y upwards, the inference therefore was 
unavoidable, that the beams were guided, not 
by gravity, but by the earth's niagnet911, and the 
d i h r b a n c e  of the needle that liad been here- 
tofore obferved during the time of an azrrora, 
feeined to pot the conchiion pafi doubt. It 

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

Soon after this, the author wrote to Mr. 
CroJZhwaite, defiring liiiii to pay particular at- 
tention to thefe phenoiiiena for a feafon, to t:lke 
the bearings, altitudes, tiiiies, &c. of every re- 
markable appearance, and to obferve the point 
to which the beams converged, the bearing of 
the perpendicular beams, the extrnt and bearing 
of the large, northern, horizontal lights, &c, 
Thefe he performed with much readinefs and 
kill, and his obfervations agree Mkient ly  with 
thofe made at Kendnl, though lie was entirely 
unacquainted with the difcovery, aiid conk- 
quently his obfervations could not be warped to 
h i t  the author's purpofe. 

The obfervations on the 15th of February, 
1793, are thofe upon which the height of the 
aurora refis principally,' as none of the others 
were fufficiently well tinied and circumfianced 
to be fubfcrvient to this purpofe, except perhaps 
that on the 30th of March, 1793." 

We 
It m?y-not be improper here to advert to a circum- 

fiance, which, if ti& noticed, may be a means of fuhjeAiiig 
the author, in foornc: degree, to the imputation of plagiarifni. 
T l \ e  advertifements refpeQirig this Work were printed 
ra thr: lath of April, 1798, ir wliiclr the Jifcovery above 

mentioned 
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We fliall now proceed to itate the different 

parts of this eGy, difpofing them into kparate 
EeCtions, as follows. 

SECTION 

mcntioned wae announced as an original one, and never be- 
fore puhlilhrd ; the auihor not knowiug that any one had 
piiblilhed thc mofi d i h t  iatimation of their afcribing the 
phenomcna of the aurora k . c a h  to magnctifm. On the 
I 7 t h  of‘faid month, Georp BkAbecK, of Settlc, an ingenious 
and intelligent young man, a Cuhfcriber to this work, in- 
formed the author, that a n  aiionymoiia perfon, in a certain 
periodical publication, had given ail cfl;cy on the aurora BO- 
re&, in whicli, amongit other conjefiiires, he had advanced 
the opinion that it might b e  occafioned by the earth’s mag- 
netifm ;-lie W ~ R  ic, obliging a8 to t r a n h i t  the author a copy 
of (lie eGiy itfelf, which may be fecn in a work entitled 
M,ithenicitical, Gconrctrical, and Philojof&u’ Drli&, No. I .” 
publilhcd May I, I 7 9 2 ,  under the infpc&ion of il Mr. Whiting. 

The author, who fubfcribce himfelf Amanuenjs, fiates hi8 
ronje&uree to  the following purport, viz. 

I&. H e  fuppofee that magnetic effliivia are confiaotly if- 
fuing from the earth’s magnetic pole in the north, and that 
thefe effluvia, which he confidere of a ferruginous nature, fly 
off in every dire&ion along the magnetic rneridiana ; he then 
conjetiures that the fulphurous vapours, riling from the 
many volcanos in the north, mixing with the magnetic ef- 
fluvia, may catch tire, and fulgurate. 

zd. I-Ic conjetlures that inflammable air having caught 
fire, may receive a magnetic direEtion, by the current of 
magnetic effluvia he fubjoina to this conjeEture, fome very 
jufi obfervatione on the aurora, which we hall have occafom 
to mentibn hercafter. 

3d. H e  conjeEtures that ‘ 6  a highly fubtilized aerial nitre 
‘ 6  always entero into the compofition of an uurora.” 

4th 
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SECTION FIRST. 

Mathematical Pr0poJition.r ncceyary for illuJ2rating 
and confirnting LhoJe concerning the 

. Aurora Borealis. 

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

ALL lines or finall cylinders, whether firaight, 
curved, or crooked, ieen at a confiderable dif- 
tance in the atmofphere, and iituate within a 
plane pafling through the eye, mull  appear 

arches 

4th. T h a t  the aurora, like lightning, may be of an elec- 

5th. H e  a h ,  6‘ May the luminoiity be convcyed OR the 

6th. He conceives the reafon why the aurorii is fo frequent 

tric nature. 

( 8  magnetic emuvia, as the eleOrric on an iron wire ? ”  

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

I kould il~ppofc that thefc conjeliuree, ae far as they refer 
the phenomena of the aurora borealit t o  magnetifm, are ori- 
ginal; and from the time of the pllblication it might be fuE 
peeed  that I received the firit hint from i t ;  thie however 
w a ~  not the cafe, this work being nearly ready for the prefi 
before the 10th of April, arid it wae not till after, that the 
letter containing the effay came t o  hand, which firll furnikhcd 
me with the preceding conjeAuree ; befides, it will be fcen 
that my epinione are, for the moR part, very different from 
thofe fiated above.-It is not meant by this to depreciate 
the merit of the ingenious Amanurn@, who will probably be 
well fatisfied t o  fee that the hppofition of a relation be- 
tween the dutwa l0repJi.r and mapetirm, which *probabll 
firfi occurred to him, io capable of being proved to a dc- 
monitration. 
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arches of, a circle, in whofe centre is the eye, 
bounded by lines drawn from the eye tp the ex* 
tremities O f  the objeas. 

DEmOusfn.+rton. 

T h e  fcmicircle A m  n o t g r s  B P rcprcfents a part of 
any platic palling througli the cye. fuppofcd to be a t  P, the 
Centre i A P B the intcrfcnion of the Faid plane with the 
plane of the horizon ; tlie arch of the Cemicirclr: reprefentr 
the interleBion of the firR metitioired plane with the blue 
canopy or ky 8 MN, Or&, and RS reprcfriit three cylin. 
drical beam, k e n  at a diltance, whole axte are in the 
plane Am n o t q r J B P indefinitely extended. Tho) thr 
objca  M N  being at  a confiderable diltance, as 5 ,  io, WC. 
milre, and quite detached from all objcBs on the carth’i 
turface, it follows, from the principles of opt ia ,  t h t  the 
mind cannot judge with certainty either of the ablolute dil- 
tance of the objetl, or whether the cxtrcmity M o r  N ia 
more diItilnt ; i n  fuch B cafe, therefore, nothing appears to 
the  contrary but that both ends are cqually diltanq and ttmt 
A/IN ie an nrch of a circle in tlie lky, with tlir eye in the 
centre; and this in fa& ie the judgment that is uniformly 
made in the cafe. For it is known to every one, that ce. 
U i a l  obje&rt Rfld objc&u at a diaaacc in the air, IO the fun, 

Y moan) 



i 6 2  On the Awora Borealis. 
moon, !bs, meteors, &c. all npprar at  the fame diltance, 
though nothing can be more difpiopot tionate t h a n  their real 
diitmcrs; tha t  is, they all appeqr n8 if fittiate in t h e  fky t 
hrncc then thc ol>jcR M N  wit1 appcai' as the aich me, 
0 T.&a the arch o t p ,  arid RS as thr iircll r ~ .  %E. D. 

&wollary I .  Hence it may eafily he deduced, 
that  no lime thar is not wholly f i t ua t r in  a plane 
p:iffing t h r o u g h  the eje  can appcar as thc. arch 
of a great circle. 

Carolfm-y. 2 .  Hence  alfo it follows, that  if an 
ohj& appeal: t ( 2  be the arc11 of a g rcd t  circle to 
two obkrvers, To lititate that  thcy two ,  and rhe 
obj,je& are  hot all in the 1iri1r plane, the  objc& 
muli be a f i r i ~ i g h t  line, or f i ~ a l l  cyliiider, be- 
caufe i t  mufi  necriiarilv be wl)olly in two planes, 
an d con i-cq 11 ent 1 y in their coni in on i n t r  r fdtion, 
wliich is a itrajght line (&did, 1 I and 3).  

PROPOSfTION 11. 

Iniagine a cylindrical beam, as AE, elevated' 
in the air, and viewed From a (tation on the 
earth,  at a diltance, as in  the laft ptopofition; 
and fuppofe the beam Fo fituate that a perpenc 
dicular C P  from C to the fide of the cylinden 
B E  may tall below 13, or in  the prolongation 
of EU ; then, I Pay, the beam will appcr broad- 
cTr m a r  the bottom, and nadower  as it  afcends, 
that is, its fides will appear boundtd by the cir- 
cuinferences of two great circlcs, having theiy 
cornmoil interkktion in a line QV parallel to BE. 
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PROPOSITION 111. 

Let there he a feries of cylindrical beams, 
UP', K L ,  &c. equal and parallel to each other, 
all in a plane perpendicular to the hqrizon, and 
at equal diikanccs from the horizon'; and let 
A B  be the inrerf'eltion of the plane with the 
horizon; H v l  its interfdtion with the flcy; C 
the centre of H v I ,  the place of dbfervation; 
and Cv parallel to the beqmg; then, firrt, the 
beanis will gppear to rile above each other fuc- 
Cefively, in the fiy, in fych fort, chat, of any , 
two beams, that which has the higher bafe, will 
have the higher vertex a b ,  except when the 
beams appear to pafs through, or lie wholly be- 
yond the zeriith ; fecond, thefe irbout the zenith 
will appear broadeft, and thok nearefi the ho- 
rizon narrow& 
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DHMONBTRAl’ION.  

Join CD, CF, CK, and CI, ; thcn the lafe X will eppeat 
higher than the bile D by the angle DCK,  and the vertex 
L higher than the vertrx F by the angle FCL, and io on 
for the rslt uf the boame, till the angle rcprefented by FCL 
is equally divided by a line from C to the zenith ; afterward8 
the contrary t a k a  place. T h e  angle under which the dia- 
meter of the beam appeare, being itippofeed h a l l ,  will h 
nearly a8 the diRaiice iiivcrfely, and therefore grenteft at 
the grnith,  and lefs below, iq proportion ap rildiur to tho 
f n e  of elevation, (&E. a. 

PROPOSITION IV. 

Tbe fame Figure remaining; 

If the beatns are equidiltant, and if CMN, 
C v i n  be drawn on each fide of v,  fo as to touch 
the bafes of two beams in M and m, and the 
vertices of the two next beaiiis in N and a; 
then ail the beams included in the angle NCnr 
will appear dirtin&, atid all t hde  below, on both 
fides, will partly cover eacli other, if  opaquci 
but if luminous, the ligbt of the different beams 
being blended, will increak in denfity dawn. 
ward, according to the number of beams croffed 
by a right line from C, 

D E M O N S T I I F I O N .  

The firR part is obvioua, from the elements of geometry I 
and from the priirciples of optics, the diRance of the bcamr 
makes no difference in tlicir apparent brightnefe, uqlcfe what 
ariiee from tho want af pede& tranfparency ia the atmclf. 

~ h c t ~ ~  
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phere, which fomewhat  ohfcures diilarit ohjene ; hence, the 
greater t h e  number rif beams croffed by a rigtit I i r i c .  fiom C, 
the dtnfrr will be t h c  light in that ditdiori. %E. U." 

PRO~OSXTION Y. 

The fame things being fuppofed as i n  Pro- 
pofition third ; let a circle be delcribed through 
the extremities of any one bratn, as I I P ,  to 
touch the horizontal' line in c *  ; arid if CU arid 
c F  be joined, the angle D c F ,  f u b t r n d 4  by tlie 
beam, will be greater than that Fubtended by 
any other beam, as feen from c; and if 1;1) be 
produced to meet the horizon in A, and the 
quantity of the angle DcF be given, the propor- 
t ion  of AD to DF may be determined. 

* To do which, fcc the la& book of Simpfin'a Grenrctt;y, 
p b ,  40. third edit. 



D E M O N  S T R  A TION. 

Draw any line, D KS, to cut the circle in K, and meet 
tlir horizontal line in  S; join FK and FS; then ehe angle 
D K F  = angle DcF (Euclid, 3, 2 1 )  ; and angle D K F  
greater than DSF (Euclid, I ,  2 1 ) .  

Draw o c  perpendicular to the horizon from the c e n t r ~  
of the citde 0,  and b i f t a  IIF by the perpw&cnlar 09. 
arid join OD; thcn, finer the angle D c F  i a  given, D O G  
is given alh, bring = D c F (EucLrI, 3, 2 0 )  ; alfo the an- 
glee G and / / t o  bring right, and angle A given by Itvpo- 
thrfifi, aiigle Goc i a  given alio, and coiifeqlrrntlg Doc) 
and the triangle Doc being. ikxcleo, the angler at n and @ 

are boih given, and angle A c D  alfo, being the, complement 
of Dco; whence i t  will be 

Sine AcD : fide A I )  :: fine A : fide r D ;  
A8id l i n e  Doc : fide C D  :: t i l ie Dco : fide D o ;  
And r d i u s  : fide 00 :: fine DoG : fide DG = 9 DF, 

which givea the ratio of AD to DF. <tE. D. 

Srholiimi. W e  have here fuppofcd tho angle 
A acute; but if  it be taken obrufe, or the ob- 
firvations be made on the other fide of A, tha 
proportion of A D  : DF may be found equally, 
but the greatdt angle tinder which the beams 
appear will be lefs ; thus, if oG be produced to 
0, fo that upon 0, as a centre, a circle may bc 
defcribed to pafs through I; and I), and touch 
the horizontal line in C ; then, the greateft angle 
D C F  will be at C, where the circle touches the 
horizontal line, ac before; 
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6 Z C T I O N  SECOND. 

Phefiomena of the Aurora: Borealc~. 

THE appearances of the aurora come undet 
four d i ffe ren t de rc r i pt i on s , - Fi r It, a horizontal 
light, like the morning ~urorct, or break of day. 
-Second, fine, flender; lutninous Berims, well 
defindd, and of denfe light ; thefe continue +, f, 
or 1 whole minute, fometiines ac relt apparently, 
but oftener with a quick lateral motion.--'l'hird, 

$//hcs pointing upward, or in the fame dire&ion 
'as the  beams, which they always fucced ; thefe' 
are only momentary, and have no lateral 1110- 
tion, but they are generally repeated many times 
in a minute ; they .appear much broader, inore 
diffufe, and of a weaker light, than the beams; 
they grow gradually fainter till they dirappear. 
T h d e  Cometimes continue for hours, flafl~ing at 
intervals.-Fourth, m h e s ,  nearly in the form of 
rainbows ; thefe, when complete, go quite acrofs 
the heavens, from one point of the horizon to 
the oppofite point. 

When an aurora takes plac'e, thofe appear- 
ances feem to hcceed each other in the following 
order :-Firit, the faint rainbow-like arches ; 
fecond, the beanis; and, third, the flafhes: , ar 
for the northern horizontal light, it will appear 
in the kquel to confiR of an abundance of 

p u b ,  
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,$i&es, or beam, blended together, owing to the 
Gtuation of the obferver relative to them. 

Thefe diltinainns, and the terms appropriated 
for them, muR be kept in view, in attending'to 
the fallowing phenomena. 

P W B N O M E N O Y  1. 

The beams of the aurora borcalis appear, at 
all places alike, to be arches of great circles 'of 
the fphere, with the eye in the ci'ntre, and thrE 
arches if prolonged upwards would all meet in 
one point. a 

This ie conf idab lc  to my own obfcrvations, and to a11 
&r.aCCbuRt@ I IIUW fie11 of tlrv ~uroru. , 

PHENOMENON 11. 

The rainbow-like arches all crofs the magnktic 
irieridian at right angles; when -two or more 
ippear at once, they are concentric, and tend t~ 
the niagnetic eafi and weft ; alfo, the broad arc6 
of the horizontal light tends to thi: magnetic cak 
and weft, and is bife&ed by the niagnetic meri- 
dian; and when the aurora extends over any 
part of the hemifphere, whether great or ftnall, 
&e line feparating the illdminated part of the 
Ijemifphere from the clear kart, is half the cir- 
cumference of a.great circie, crofing the magD 
fietic meridiavl at right angles, and terminating, 

, a *  .. I . .  * I  , ia 
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io the magnetic eafi and weR; moreover, tht 
beams perpendicular to the horizon are only 
thofe on the magnetic meridian, 

Thefe have been the uniform appcarancee a t  Kendul for 8 
ferierc of obicrvations palt, an ham been related ; and fiom re- 
rolle&icin, and the notes made iipori former appearancr3, a~ 
weil an from the iiifrieiice to be drawn from the lacer obfer- 
ratione, I have n o  doubt thc whole lilt of the uuror6 were 
aonformable t o  this dekription. 

T h e  accountx from KcJwicA corroborate the fame; tlir hodc 
zontal light is delcriletl act extendiug from WSW. to ENE. 
and its IiigheR part in the middle, or  NNW. or, when pafi 
the zenith, SSE*.-Ati for the vertical Itreamera, their de- 
e1inati;n from the vertical circles being To ftnall, except about 
the eait and well pointn, it is no wonder if there be home la- 
titude in thefe obfervations, when the eye is to judge ; a c  
do not find, liowever, that  this latitude ha8 exceedcd IO' 
from the magnetic meridian, 

T h a t  this phenomenon agrees with the obfkvations made 
i n  EngLnd, France, Germany, &c. in the beginriing of thig 
century, when the aurora firR appeared, we learn from the 
following extra&@ from the TranfaAions of the Parifiar 
Academy. 

1707. March 6, between 7 and IO  in the evening, M. 
t c i b n i l z  fays an aurora lorealis wae obferved a t  Berlin ; there 
were two luminous arche, one above the other, both direEtly 

,northward, 

The hortmtd archee, indeed, do not a l w q i  appear to extend jurt t. 
ehc ma:nctic CaR and wen, hut oken to t U  fhort of, and fomctmes IQ 
firpi6 thore points; the r e a h  io, we judge of  its extent from itu Jinldity 
rbovt. the frnfihle horizon, and the LKht is either fo faint by the great diC 
.tance, or objcfls intervene, ,that we fcldom fee the extremity of the arch, 
wirhin 7 or 33 of the horizon; 'this contra& or rnbrges ita viable .ma( 
a~a&ngjy, when Jw arch J?&& a h a 4  angle with the briirea 
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r e r th ra rd ,  their concavity turned downwnrdR, their clroids t 

psrnllel to the horizon.-l'he vatiation of the needle in 
Gtimtmy, &c. a t  that  time, was vrry little from the true 
north. 
1716. M. Mirnkli defcribcn the horizontal, Iigbte of the 

r Itli, rzth, and 13th of April, a8 having all the Came fitiia- 
tion, namely, extcnc from 45 or soo W. to 35 or 30' eitR. 
of the meridian.-The variation a t  Paris wau then about 
L point wdtcily.  

-Mdrch 17. a raiilbow.like arch was feen a t  BuJ; 
it extended from E. to W. crofing the meiidian h u t t i  of 
the  zenith ; loon after, a hoiizootal light wan ken,  extent 
from NW. t o  NNE.  

-At Rorien, the fame night, a horizontal light wai  
feen ; its extent from IO" E. to 2 s  or 30° W. 

-At' Ncwurtxrk, in Nothghamfiirc, it was feen betwcco 
t he  N W. and ff. 

One  reen at  Copmhugm, Fcbriiary t ,  1707, is faid to have 
extended from WNW. to NNE. 

September 1 2 .  1621. Gurtifit1rfu.r obferved a n  horizontal 
l ight,  at Ai.*, #in Provenre; i t  extended between the fuminer 
tiling and retting.-N. B. 'l'he variation then wa8 a little 
to  the eaftward. 

1718. Mdrch 4. M. Miralrli obfervrd an  horizontal 
l ight ; extent from NW. to NE, but declining about 10' 
more to the weR. 

Thefe ohfervations, compared with thore ieccntly mad+ 
fufficiently itidicatt t h a t  t h e  polition of the Borisontd light8 

and arches, cliangcs with the needle, and is now much mora 
nefterIy than formerly.. 

2 2  It 
* Since writing the above, I find in the Philofophid Tran!iaRionP of r h s  

Royal Society for I 79@, Vola 80. feveral acccunts of the ramhw like arche& 
tn Art 3. Mr. Hly, aRcr d-rcrihinq fcvcr $1 nrclies, fayr, '4 th, p l  s of i111 tha 
(6 complete arches wlhch I have feen had R wfjhn vxriaticn from the polo 
0 of the equator."-In Art. 5.  F r .  Hwcbi+ defcribe8 one k e n  on 
&e l i d  of Pebrnary, 1784, at Kimbchon, (6; miles NNW. of ondoit) to 
have extended h n  ENE. to WYW j and a defcrrption of the fanit 4. 
paylcr ,  mt Worbg c&aWy, t given in Art. 4. 



It fhould, however, be obferved, that this phenomcnon ir 
to  be uuderftood aa gcneruf, rather than univer&l; becauia 
the  horizontal l@h:s, and arches, arc Sometimes interrupted, 
which caufes the aurora to be fern occafionally almoft wholly 
t o  the ea& or  weft of the magnetic meridian ; but on all fuch 
occafions I have obferved the inclination of the hanu inva- 
riably the fame, in the fame quarter of the heavens, as fat 
as the eye could jiidge.---In fa&, if the hori!zcm/af l$h, 
kc. were not interrupted, the zone of light mufi quite fur- 
round the northern parts of the earth, at every appearance, 
which wc arc pretty certain i s  feldom, if ever, the cafe. 

PHENOMENON ur. 
That point in the .heavens to which the beams 

of the uurora appear to converge at any place, 
is the fame as that to which the fouth pole of 
the dipping-needle points at that place. 

Grant isg the triith of the two preceding phcnomena, it 
fillowti, that  the paiiit of convergency milk be in the mag- 
n r t k  meridian ; arid this point, from the befi obfervations I 
c p  malcc, is between 70 and 7 5 O  from the h u t h i  which 
agrees with the obl'ervatiot~u at Kgwick I and it appear8 that  
t he  /f$yhg-neer/!e in 1:rglutirl p i n t s  t o  that  part.-My note8 
u p i i  the aurord for 4 o t  j yeaih pdk itate the  point of con. 
vergency to the h i t i  of the zenith, when a crown w a ~  
fymed ,  and I bclievc the remark has been generally made, 
wherever ttie appearance was fecn and attended to.--K'ircher 
obferved the point zgo h u t h  of thc zenitli, a t  Bcrlin. 

In h p p o r t  of ;he two laR phcnomena I might alio quote 
thc irtgcnioue //mntruenJs whom I havc mentiorled in the in. 
trodu&ion to L h k  cffay ; 11; fdye, $ 6  tha t  the lucid columne, 
6' br radiating flalhen of the uurorrz &urenliJ almofi alwayt 
'6 hoot off from t t r n o r t h  to  thc  fouth, correfponding i n  a 

" &apt[ 
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*I p a t  mtafwe to the magnetic meridian. Aad I W e  
4' conffantly oblervcd" (adde he) the corm&, concourlcl; 

6' or concrutration, if I tilay fo call it, of thcfc lucid r a p  
near the zenith, Eo much to tho ea& of it ac anfwered 

'6 nearly to  the we&ern declination of the common magmetin 
( 8  needlc,--and X tlriuk 1 n e w  oblerved tbc ( ' O T O ~  tu thc 
'6 wefiward of it, 

PHENOMENON 'fV. 

The bcnm appear to rife ahovaeach other in 
hcceGon, fo that of any two beams that which 
has the higher bare has the higher funimit dfo, 
or i ts  fummit nearer the point of concourfc; 
the angle Tubtended by the length of each beam 
is not the ram,  .it being great4 about half why 
from the horizon to the zenith, and lek nbovo 
and below ; alfo the beams to the b u t h  hubtend. 
lefs angles than thofe to the north, liaving the 
fame altitude.-The greateR angle to the north, 
frems to be about 25 or 309; and that to tbc 
fouth 15 or zoo; 

PSr;eNOMEWON V, 

Every beam appears broad& at or near the 
bak or bottom, and to grow narrower as it. 
akends, in fuch fort that the continuation of ite 
bounding lines would meet in the common cen- 
tre to which the h e m s  rend ; yet the furntnit af 
the beam is not flar, but pointed.--lhe high&= 
beams kern about 3 O  broad, +and the loweR IO.:  

Tho 
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. T h e  two laR phenomena are the refulr. of my own obfer. 

rations chiefly; bgt there is fome difficulty'and uncertainty 
i n  meahring the anglee fubtended by the lower brams, by 
rcafon of their being one behind another ; it mult therefore 
be IefK to future obfcrvatione to determine more accurately 
the anglee under which the beame appear in different paiti 
of the hernifphere. 

I_ 

LIECTION THIRD. 

PropoJjions concerning tha Aurora Borealis. 

PROPOSITION 1. 

THE luminous beam of the aurora boreah, 
are cylindrical, and parallel to each other, at 
leak over a moderate extent of country, 

The beams mufi be parallel to each other, from Coro!. te 
Prop. 2, and Corol. 2, Prop. I, $e&. I ; and'froni Phenom. 
1. Hence, and from Prop. a,  SeEt. I, and Pkenom. 5, 
they are cylindrical. 

PROPOSITION SI. 

"he cylindrical beams of the aurora borealis 
are all magnetic, and parallel to the dipping-nee& 
at the places over which they appear. 

From the Corol. to Prop. 2, SeEt. I, and Phenom. 3, it 
followe, that the beam8 are parallel to the IlippinpnrctNc; 
4nd a8 the Seama are fwimminp in a fluid of equal denfitr 
with themfelves, they ate in the fame predicament as a m a p  
retia bar, or needle, fwimming in a fluid af the fame fpecifio 

gravitr 



gravity with ittclf; but  this laR will only rcR i i  quilibrh 
when in t h e  direAion of the d$pinj-need/e, o w i n g  to what is 
called the earth’s magnetiS,n ; a n d  ae the former alia reRs in 
that  pofition only, the effeAs being  limilar, we muR, by the  
rules of philofophizing,  afcr ibc them to the  fame callre.- 

M A G N E T I C  PHEuomRuou, AND ITS BBAMS ARS m v a w B a  
H e n c e ,  then  i t  fOllOWS, that  THB AURORA B O R E A L I S  IS A 

a Y  T W O  XARTH’8 MALGtiIiTISM*~ 

PROPOSITION lISs 

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

This appears from the calculation made from the ohfervr- 
t iona o n  the 1 5 t h  of February, 1793,-but dther obfervationr 
oright to he made at mow &Rant  places, to afcer ta in  t h .  
htiglit with more prcr i f ios .  Poffibly the height may be 
different at  different timest. 

PRO- 

* 1 am aware thnt an objenion may be Itated to tl$j---If the b e a m  
be Iwimimng in a fluid of equal denfity, it will he faid they-ought to be 
drawn down by the anion of the earth‘s magnetifm, Upon this I may 
rhfcwe, that it ia not my bufineL to fhow why this is tjot the cafe, becaufc 
I propore the mngneufm of the beams as a thing demonfirable, and not ill 
@n hypotlirfl* We arc not to dcny the cauk of gravity, becaufe wc cannot 
hew how the cffcCt is produced.--.May not the difficulty hc Icirencd by 
Cuppofing the beams of/+ detifity than the firrounding fluid, 

1. Snica writing the above, 1 find Mr. Cuutndi~ hrr, in Art. 10 of tho 
Phiblbphical Tranfattions for 1790, calculated the height of an irch ob. 
krved at different phse, on the 23d of February, 1784. to be betwixt 5s 
and 71 miles.---But, with dcfercncc, I would remark, that the obfcrvatiorw 
abwe mentioned appear to me better circiimttanced than thoft upor 
Which hie calculath n foaxld, and theredarc thr nfult of &om mcm r) 
k tdid u p s  



PROPOSITXON IV.  

The beams of the aurora are fiinilar and equal 
h their reat dimenfons to. one another. 

9 This  is not capable of ftriA demonfiration, for want of 
&MC 6bfervatioiis it is, however, rendered extrctrnclf 
probable from Prop. 3 and 5,  ScEt. I ,  and Phcnam. 4 atid.50 
-Indeed the phenomena are alrnok irreconcileable to any 
other fuppoGtion. 

I .- 

... ._ 

PROPOSITION V. 

.. The diRance of th.e beams of the aurora from 
the earth's furface, is equal to the length of the 
beams, nearly. 

Allowing the truth uf the laR propofition, and comparing 
Prop. 5, sect, x ,  with Phennm. +, we flrall find the pheno, 
w n o n  t o  agree beR with the fiipydtion of the equality o f  
the diitance and length of the beams. 

-'We have here ful>joined the refult of a calcelation of the 
anglee fubtended by the beams, on three different fup o h  
eone, namely, I%, when the Ierigth-oi the beam's irr eqn f !-to, 
their difiance from the ear th j  ad, when tlie length is buf 
half that difience ; and, pd, when it ic twice the difiance.-r 
The calculatim ir cafily made by inverting Prop. 9, S&. I, 
tnd  fuppolng the point c variaMe, where w t  have the ratio 
;If AD to D F, infiead of the angle DcF given4; the beam8 
are fuppofed to be thofe in the plane of the magnetic meri- 
giant both nor+ and fouth of the zenith, and their bare6 are 
taken et  100, aoe, p0, &c. altitude. The angle FAG ir 
hp'pofed ?a*. . 

When accurate obf'ervationa hall be made, I have no 
doobt tt;; anilea oI;' the 2d fupp&tion wili bg found $ 0 ~ ~  

little, and thofr on the 3d too great. . Angler 
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Schulitrm. It i s  very probable the  rainbow.& nrchrs are 
either a t  t he  top  or bottom of the  Iranrs, and I am iiiclincd 
to tliiiik they are at  the  top, not only becaufc their  l ight is 
faint, but becaofe the  beams fhould be fern a t  a much greater 
diltance than it kerns they are, if t h ry  were 300 miles high, 
or twic'e the  height of the  arches ; and the obfervations on 
t h e  30th of Maich, 1793, Freni to confirm the  opinion of 
the  b a k e  of the beams being 60 or 70 miles high, or about 
half t h e  height of the  arches: 

If t h e  fummits of the  beams b e  rso milee high, ' the i r  
b a k s  will, according to this propofition, be 75 miles high, 
and  the  whole length of the  beams about 75 milee, or, more 

radius nearly, 75 miles x --- A n d  i f  the  diametcr of the fine of 720' 

bale be  of the  length, each luminous benm will be  a cy- 
linder of 7; miles in  diameter, and  75 miles long". 

A a  N. B. 
* If a magnet he rcquired to be made of a given quantity of Reel, it 1s 

fcund by expcrience to anfwer bcA when the length is to the breadth as 
IO to I nearly : it is R remarkable circumitance that the Icngth nnd breidtli 
of the magnetic beams of the uurow fhould he To nearly in that ratio.--- 
Qtry, if a fluid mars of magnctic matter, whcthcr eldRic or incLfi c, were 
fwimmin8 in anothcr fluid of equal drnfity, ;ind aaed on by  nnorlvr m g -  
nct at  a difiancc, what form would the magnetic nlnttcr : i l k l e  ? 1s it 
not probable it would bc that of a cylinder, of proportional dimcnfions u) 
Bc beams of the uurora P 
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N. B. A n  objeEt elevated 75 Englifli milea may be reen 

a t  the diitance of I O  geographical degrees; if elevated 150 

milts, it may be feen 1 4 O  j if 300 miles, 20'. 

PROPOSITION VI. 

That appearance which we have called the 
horizontal light, and which is always iituate near 
the horizon, is nothing but the blended lights of 
a group of beams, or Jajbes, which makes the 
appearance of a large luminous zone. 

T h e  figure to Prop. 3,  Sen. I, reprefents a feries of 
beams fuch as thok  of the aurora, fituate in the plane of the 
magnetic meridian, and C the place of obfervation. And it  
js  proved in Prop. 4, SeA, I,* tliat rhe lights of the diltant 
beams in that plane will be blended, to a certain elevation, 
to the obkrver at C. Imagine a ieries of planes parallel t o  
the plane of the magnetic meridian, with beams h a t e  in 
them likewife; then; from the principles of optics, the 
rows of beams in every two of the planes will appear to 
approach each other, a8 the diitance from the obferver in. 
creaies ; and when that diflance becomes indefinitely great 
they will all feem to coincide ; hence the beams will appear 
blrndcd, both horizontally and perpendicularly, and will 
conl'equently conllitute a large zone of d e d e  light. This  
zone muR appear at right angles to the magnetic meridian, 
becauk it is obferved (Phenom. 2.) that when the beams of 
the ouroru extend over a great part of the hemifphere, they 
are always bounded by an arch eroffig the magnetic meri- 
dian a t  right angle#. 

SECTION 
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SECT I O N  FOURTH. 

Theory of the Aurora Borealis. 

IN the preceding feltion we have deduced 
the nature of the aurorn, merely by combining 
math e ilia t i cal p r i n c i pl e s wit h the p hen o inen a ; 
the conclufions, thcrefore, are not drawn from 
hypothCJr, but from j i i c t s ,  and niufi hold, as far 
as the fa&s are well afcertained, and the prin- 
ciples truly applied.--ln this fcCtion we mean to 
propofe Comething by way of hypotliefis, to ace 
count for thofc: phenomena. 

* T h e  light of the aurora has been accounted 
for on three or niore different Cuppoiitions : 
I .  It has been fuppofed to be a flinie arifing 
from a cliymical eflitrvelccnce of combultible es- 
halations from the earth. 2. It ha8 been iiip- 
pored to be inflammable air, fired b y  eleCEricity. 
3. It has been fuuppofcd cle&ric light itfelf. 

T h e  firft: of thefe fuppofitions I pafs by, as 
utterly inadequate to account for the plienotnena. 
The fecond is preged with a great difficulty how 
to account for the exiitence ofJratn of inilam- 
mable air in the atmofpherc, fince it appears 
that the different elaikic fluids, intimately mix 
with each other; and even admitting the exift- 
cnce of thefeJlrata, it feems unnecegdry to in- 

Aa 2 trod Ll cc 
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troduce t h a n  in the cafe, becaufe we know that 
difcharges of the eleAric fluid in the atinofpherc 
do exhibit light, from the phenomenon of light- 
ning.-From tliefe, and other reafons, fome of 
which ha l l  be mentioned hercrifter, I confider it  
alniolt beyond doubt that tile light of the aurora 
borealis, as well as chat of f ( z l h g  Jai s and the 
larger metcors, is elektric light folely, and that 
there is nothing of combuftion in any of thefe 
phenomena, 

Air, and all elaflic fluids, are reckoned a- 
mongfi the non-condutkors of elellricity. There 
kerns, however, a difference amongfi them in 
this refpea; dry air is known to condu& work 
than moifi air, or Air faturated with yapour. 
Thunder ufually takes place in  fummer, and at 
fucli rimes as the air is highly charged with va- 
pour ; \r\then i t  happens in winter, the barometer 
is low, and confkquently, according to our the- 
ory of the variation of the barometer, there is 
then much vapourized air: from all which it 
feeenis probable, that air highly vapourized be- 
conies an imperfe& condu&tor, and, of coiirfe, 
a difcharge inane along a /raturn of i t ,  will ex- 
hibit light, which i fnppofe to be the general cafe 
of thunder and lightning. 

Now, from the conclufions in the preceding 
feEtions, we are under the neceffity of confidering 
the Leains of the aurora borealis of a ferruginoug 

nature, 
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nature, becaufe nothing e lk  is known to bc 
magnetic, and confequcntly, that there exiits in 
the higher regions of the atmofphere an'  elaftic 
fluid partaking of the properties of iron, or ra- 
ther of vingnctic peel, and that this fluid, doubt- 
lds  from i t3  inagnetic property, airumes the form 
of. cyliiidric beams.--lt fhould feerh too, that 
the raiiihow-like arches are a fort of rings of the 
faille fluid, which encompafs the earth's northern 
magiictic pole, like as the parallels of latitude do 
the other poles ; and that the beams are ar- 
ranged in equidihnt  rows round the fame pole. 
A t  firfk view, indeed, it feems iricotnpatible with 
the known laws of magnetifin, that a quantity of 
magnetic matter fhQuld a h n e  the form of fuch 
rings, by virtue of its magnetifni; but it may 
take place in  one cafe at leait, if we fuppofe 
the rings fituate in the middle, between two 
rows ok beams, fo that the attralkion on each 
fide tnay be equal. AS for the beams, in their 
natural fitate, when not aQed upon by caufes 
hereafter to be mentioned, they riiufi all bc 
guided by the earth's niagnerijii ( I  mean the 

that guides the needle, whether it is in thc 
earth or air I know not), and confequently all 
have their t w i h  poles downward ; but whether 
any two neighbouring beams have the poles of 
the fame denomination, or of diEerent denomi- 
nations, aQing upon cach other, Rill  the effeCt 
will be the faname, and their mutual aAion upon 
each other not d i h r b  their parJleliEm, nor the 

pofition 
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poiition of the rings; becaufe, whether the poles 
mutually attratl or repel each other, is of no 
moment in this cafe, Bnd the attraaion of each 
pole is alike upon the rings, 

Things being thus itated, I moreover fuppofe, 
that this elaftic fluid of magnetic matter is, like 
vapourized air, an imperfeen! condu&?or of tlekhi- 
city; and that when the equilibrium of elcCtricity 
in the higher regions of the atmofpberc is dif. 
turbcd, 1 conceive that it takes there beans and 
rings as conduRors, and runs along from one 
quarter of the heavens to anotlm, exliibiririg 
all the phenomena of the au~ora boreal&.-- I lie 
xeafon why the diffufe flalhes fucceed the more 
intenfe light of the beams is, I concrive, hecaufe 
the elelhicity difberfes the btailis in fonie de- 
gree, which collelt again after the elrQric cir- 
culation ceafes. 

Many of my readers, I make no doubt, will 
be furprifed to find, after having formed a con- 
ception that the relation betwixt the aurora and 
magnetifm was to be explained and demon- 
ha ted ,  chiefly i f  riot folrly, from the obferva- 
tions on the dihrbance of the needle during 
the aurora, that no mention or ufe whatever is 
made af thofe obfervations, in the preceding 
feAicm8. In fa@, the relation above mentioned 
is dcmonfkrable without any reference to rhrm ; 
notwithftanding which, they not only corrobo- 

rata- 
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rate the proof of it, but allnoit efiablifh the truth 
of the hypothefis we are here advancing. 

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

I. When the auroro appears to rife only 
about 5, IO, or 15" above the horizon, the 
dikurbance of the needie is very little, and 
often infenfible. 

2. When it rifes up to the zenith, and paffes 
it, there never fails to be a confiderablc difiurb- 
ance. 

3. This difiurbance confills in an irregular 
ofcillation of the horizontal needle, fometimw ' 
to the ealtward, and then to the wcftward of the 
mean daily pofition, in fuch Iort that the greaten 
txcurfions on each fide are nearly.equa1, and 
amount to about half a degree each, in this placc, 

4. When the autora ceafes, or foon after, the 
needle xeturns to its former Itation, 

Now, from thefe faas alone, independent of 
w b t  is contained in the preceding Eettions, I 

think 
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think we cannot avoid inferring, that there is 
fomething magnetic zoyflantly in the higher re- 
gions of the atmofplicre, that bas a h a r e  at leail 
in guiding the needle ; and that the fluQuations 
of the needle during.the aurora are occafioned 
by fome mutations that then take place in this 
magnetic matter in the incunibtnt atmofphere ; 
for, it is certainly improbable, if not abfurd, to 
€uppofe that the aurora produces this magnetic 
matter, at its commencement, and de?rop  it 
at its termination. Moreover, abfiraaing from 
a chymical folution of the metal, nothing is 
known to affea rhe rnagnetifm afJeel, but heat 
and elefiricity ; heat wealrcns, or dcfiroys it j 
eleericity does more, it foinctimes changes the 
pole of one denomination to that of another, or 
inverts the magnetifm. Hence, we are obliged 
to have: recourfe to one of thefe two agents, in 
Accounting for the mutatious above mentioned. 
As for heat, we ihould find it difficult, 1 believe, 
to afign a reafon for fuch €udden and irregular 
produfiions of it in the higher regions of the 
atmofphere, without introducing eldtricity as an 
agent in thofe produbions ;- but rather than 
make, fuch a hppofition, it would be more phi- 
lofophical to fuppofe eleericity to produce the 
effea on the magnetic matter immediately. Hence 
then were we obliged to form an hypotheJ4 of 
the aurora borealis, without any other faas  re- 
lative to it than the four above mentioned, we 
ought to fuppofe it a phenomenon produced in 

foine 
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wanner by the united agency of magnctifm and 
d e  Arici ty. 

It appears then, that the dihrbance of the 
needle during ail aurora equally countenances 
the conclufions drawn in the iait feltion, and 
the hypothefis adopted in this; and it may be 
accounted for on the hypothefis, as follows. 

The beams of the aurora, .being magnetic, 
will have their magnetifm weakened, deftroyed, 
or invrrted, pro tempore, by the fttveral ele&ric 
fhocks they receive during an nurorrt; or per- 
haps the temporary difperfion and dXuGon of 
the magnetic matter thereby, may confiderably 
alter its influence ; when, therefore, the altera- 
tions on each fide of tlle magnetic meridian do 
not balance each other, the confequence will be 
a difiurbance of the needle”. 

Bb In 
* I conceive that a beam may have its map;nctirm in- 

verted, and rxiR fo for a time, becaufe the repullion, nPidirg 
longitudinally upon it, will only impel it in that dircdion, 
and not turn it round ; j n R  as the north pole of n magnrt 
may be applied to the north pole of a magnetic necdle, 
without turning it round, by keeping the magdePvxaCtly 
in  the fame line with the needle, aiid thus making the needle 
a& upon the centre. A n d  I further conceive, that  when 
the beam is reflored to ita natural pofition of the north pule 
downward, it is effe&ed, not by inverting the beam, wllolly 
a8 a beam, (fot,this ii &er ibferved in an .aurora) but by 
inverting the CoiMtuetit particles, rnihich tnay cafily be ad- 
mitted of a fluid. 
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In fine, the conclufions in the lait feCtion, and 

the hypothefis in this, afford a very plaufible 
reafon for the appearance of the aurora being fo 
much more frequent now than formerly in there 
parts ; if tlie earth's magnetic poles be like the 
centres of the aurora, as the phenomena indicate, 
it is plain the nuiorn mull  move along with 
them, and appear or dihppear at' places, accord- 
ing as tlie magnetic poles approach or recede 
from them ; and hence it  may be prefuined that 
the earth's inagnetic pole in the northern hemif- 
plicre is nearer the weft of Europe in this century 
than it was in the iatt or preceding.-The ob- 
fervations upon the dip of the needle, however, 
if they have been accurately made, feem to in- 
dicate the approach of the magnetic pole to have 
been very little ; the dip at London, according to 
Mr. Cavallo, was 7 i o  50' in 1576, and 7 2 O  3' 
in 1775;  but there is reafon to hfpel t  the ac- 
curacy of the inkruments 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 neceffary here, before the 
~€ubje& is difmiffed, to caution niy readers not to 
form an idea that the elaJic &id of magnetic 
matier, which 1 have all along conceived to 
exi& in the higher regions of the atmofphere, 
is the fame thing as the magnetic Juid or ef-. 

&via of moa writers on the fubjea of mag- 
netifm. 
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netifin, Tliis laft they confider as the efficient 
caufe of all the niqpetic phenomena ; but it is 
a niere hypothefis, and the exifirnce of the 
e@uvia has never been proved My Juid of 
tlrapetic twtter is, like magnetic fteel, a fub- 
fiance poffeilied of the properties of niagtietifm, 
or, if thel'e writers pleaftt, a fubltance capable of 
being aRcd upon by the magnetic efluuia, and 
not the magnetic cfluuia themfelves. 

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

SECTION FIFTH. 

An inveJZigation of the fuppfed efe8 of the Moon 
in producitig the Aurora Borealis". 

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

Bb z any 
* An effay on this Cut+& was fir& publilhrd by the ilu- 

thor in the beginning of I 789, in Mr. Duv@'z M u t h n t k d  
and PbiloJophicaI Rep$tory. 
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any oth'er time ;'this produced the fufpicion thaa 
the z r i d  tides occafioned by the moon might 
have home influence upon it. Granting this to 
be the cafe, it was obvious, the full moon mu& 
have an equal fhare with the new, though tho 
phenotnenon may often be then invifible, owing 
to the light 06 rhe moon,--Having now an 
enlarged li[t of obfervations, we fhall refume the 
fubjc& afrefl~, and examine what countenance 
the obfervations give to the fuppofition. 

In the lift of obfervations we have placed the 
moon's age, both with refpelt to change and 
full ; collating, therefore, the whole number of 
obfervations to each particular number exprefr 
fing the age, we hall have the following feries : 

Days pait change 
and full, 

Days pan change 
and full. 1 8 9 Io 11 12 13 14. 

As the lunsr,&hution is completed in 29; days 
nearly, one half of a lunation is 144 days; hence 
the obfervarions under 14 do not itand the fame 
chance as the I reft, them being only + of the 
number of periods that have a day correfponding 
to this number: the number of obfeervatbns 
ui~dcr it ought. therefore to be iacrdqd  in thc. 

Fatic+ 
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ratio of t to I, or be 12 inftead of 9, in ordar 
to make a fair divifion of the terms of thekrier. 
Now the fpring tides will fall alinoit wholly in 
the f ir i t  half of this period, and the neap tides 
in the lafi.; dividing the terms of the brics, 
therefore, into two equal portions, taking -half 
of the odd intermediate one to each, the ruins 
of the portions are as under. 

Spring tides. Neap tides. 
No. of aurorG. I 44:. 107:. 

Ratio 4 3, nearly, whkh 

It  may be objjeied, that as t i e  latter divifion 
contains the whole of thejcond quarter of tbe 
moon, when its light is Arong, and when it is 
above the horizon all tbe time there is to obfcrvs 
the aurora, the phenomenon is not noticed as 
often as it takes place in that quarter.-This 
may be right, hut it fhould be obfcrved., that tho 
la& quarter of the moon, which is wholly exempt 
from this objecction, falls in the fafame divifion; 
and both the firA and third quarters, conltituting 
the other divifion, are in part liable to the fame 
objeaion. 

i s  favourable to the fuppofition. 

However, in order to determine whether this 
cDbjeAion is of fuch import as to counterbalance 
the apparcst conclufion contained above, it may 
+e proper to find and compare the number 06 

obfervatioss 
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obfervations in the firft and laft quarters only.-= 
This being done, on the principle above ufed. 
the numbers fiand, 

Firft quarter, or fpring tideo. LaR quarter, or neap tides. 
9349 81. 

From which it appears the phenomenon is ob: 
ferved more frequently in the firit quarter of the 
moon, thoigh liable in part to the above ob- 
je&ion, than in the lafi quarter, which is wholly 
free from it. 

Prefuming then from what is done above, that 
thofe periods of the lunar months, when the 
higher tides are in the air, are inofi fubjea to 
thc phenomenon in quefiion, it kopld be ex- 
petled, that thofe times of the dny when ftich 
tides are in the atmofphere, fhould likewife be 
more fubje& to it than others. Now the fpring 
tides in the afternoon always happen in the in- 
terval from 2 to 8 o'clock; confeequently, the 
opportunity of making obfervations upon the 
phenomenon in this interval will @en occur in 
in winter, and never in fummer, owing to the 
twilight.-It fllould feem then, that the winter 
obfervations ought to favour the hjpothefis more 
than the fuinmer ones.--In fa&, we find this the 
cafe. The obfervations in the months of No7 
vember, December, and January, being arranged 
and fummed up as absve,, give, 

Spring 
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Spring. Nelrp. 
404. 24;- 

And thofedin the months of May, June, July, 
and Augufi, give, 

Spring. Neap. 
25:. 2 4;. 

As the tides are higher in fpring and autumn 
than in funimer ,and winter, the phenomenon 
ought, according to hypothetis, to occur more 
frequently in the two former feafons than in the 
two latter. The number of obfervations in the 
different months fiand thus : 

Jan. Fcb. Mar. April May June July Aug. Scp. O& Nov. DOC, 
18 18 26 32 21 5 p ar 23 36 38 g. 

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

Upon the whole, I think it is not improbable 
that the agitations caufed by the moon in the 
very high regions of the atmofphere, which we 
may fuppofe are not much agitated by the tem. 
peits in the lower regions, may have € o m  eff& 
upon the phenomenon in queftion ; and the\fup- 
pofition is evidently countenanced by the feveral 
f& fiated above, 

SECTION 



SECTION SIXTH. 

An inzreJigation vftthe efe& ofthe Aurora Borealir 
on the WeatherJtcceeding it.' 

VAftIOUS have been the conjeEtures on this 
fubjee offered to the confideration of the public : 
fdme aflert that the ourom has no fenfible effe& 
upon the weather; others that it is very fre- 
quently followed by rain foon after. 

In the American Philofophical TranfaAions, 
we find it obferved that the barometer falis after 
an aurora. 

Having a large number of obrervations on the 
aarora, together with thofe on the barometer 
and rain, we are prepared to examine thefe opi- 
nions, and wk do it the rather becaufe if an? 
thing can be afcertained on this head, it mufi be 
regarded as a valuable difcovtry, confidering th& 
prefent very imperfe& itate of meteorologicaj 
prognoitication, 

hinee the fpritlk of 1787 thtre have been 227 
d t M . 0 ~  bbferved at Kcn&aE and ktfwick; 88 of 
the hext fuccceding days Were wet, and i.3gfait-i 
at ~ianda l ;  nu*, in the account Of rain, the 
mean )'eatly.nurfibar bf wet days thtre is fiatcd 
at $17, dnd of timi.& the fair days are 148; 
hence the chances of any one day, t a b  at rani 

dol, 
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&m, being wet or fair, are as there numbers. 
But i t  appears the proportion of fair days to wct 
ones fucceeiing tlie a i m r e ,  is much grehter than 
this general ratio of fair days to wet ones ; thc 
infcrence therefore is, that the appkatance of the 
uurora boreah is a prognofiication offait weather. 

The only objeAion to this hference which oco 
curs to us n s  worth notice is, that the aurorrt 
being from its nature only vifible in  a clear atr 
mofphere, thia circumltance of irfelf is fufficient 
to calt the kale in favour of the fucceeding'day 
being fair, without confidering the nurorn as 
having any influence either direAly or indircltly. 
-This objeQion has undoubtedly fome weight ; 
but upon examininlng the obfervations, i t  appears 
tbat the aurora not' only favours the next day, 
but indicates that a feries of days to the number 
&f I O  or 12, are more: likely to be all fair, than 
they would be without this circumltance. 

Of 227 obfervations; 139 were followed by I 
or more fair days, loo by I or more &c. as under. 

' t  2 3 4 5 6 7 8 g 1 0 x 1  1% 

..qg xoo 69 sz 38 30 01 16 i o  6 a a n  

. According to the laws of chance, the probar 
.bility of any number of fucceGve fair days is 
found hy raifing +$f to the power, whok indeq 
is the propored number of fair days ; t hde  pro- 
babilities bei, k l i i p k d '  by 227 will give what 

cc the 
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t he  above feries ought to have been, ff ';he U+ 

Jrora liad no  influence ; it is as under. 

1 = 3 4 5 6  
92 38 15 6 a x 

From which it appears, there fiould not ha+e 
been more than I aurora out of 227 followed 
b y  6 fair days, and yet in fa& there were 30 i 
whence the inference above made is confirmed.,. 

As tor the different feafons of the year, I find 
the a u m w  is more frequently followed by Fair: 
wrather in fuminer than in winter ; .but the dif4 
finfiion is not very corifiderable. 

' I t  may be obferved that the largefi and moil 
fplendid appearances of the aurora, as they ufu: 
ally happen in rainy and unfettled weather, they 
i r e  frequently fucceeded by I or more'wet days;! 
,but I do not find any of thore very remarkable 
ones which happened on a €air day, was fuc. 
ceeded by a wet one. 

Upon examination of the effeR iof the aurora 
upon the barometer, I find, that finco the .rgtfo 
of September, 1787, there have been 219  obfer- 
vations, and that in -120 of there infiances the 
barometer was rifen next morning, and fallen in, 
99. --This circutnfiance, therefore, corroborarcfs 
the inference before made, that the C I U ~ O ~ L I  'is a 
fign of fair, weather, 

General 



Cpntrrtt Riih and Overvations for judginrg 
of the Weather. 

O'L'WI'TNS'I'AN DlNG we have departed N pretty niucii f rom our original de(ign of 
expatiating on this fubjr&, we think it iiiay not 
be ani% to colleA Ihme of the fid:dc'tS and obfervi= 
tiolis that are diffufed through the work, which 
relate more immediately to the fubjefi, and to 
add 'thereto a few more obfervations. 

i 

I .  The barometer is highell of all during a 
long frolt, and generally ril'es with a N l i .  win$; 
it is lowek of all during a thaw following a long 
froR, and is ofren brought down by a S W .  wind,? 
See page I 12. 

2. When the barometer is near the high ex- 
treme for the feafoti of the year, there is w r y  
little probability of immediate rain. Set. page 1 5  I. 

3. When the barometer is low for the feafon, 
there is kldom a great weight of rain, though a 
fair day in fuch a cafe is rare. See page 1 5 0 .  
T h e  general tenor of the weather at fucli times 
i's, hort ,  heavy, and  fudden Ihowers, with fqualls 
of wind from the SW. W. or N W. 

4. In fummer, after a long continuance OF fair 
weather, with the barometer high, it generally 
falls gradually, and for one, two) or inore days, 
before there is much appearance of rain.-If tile 

cc 2 fdl 
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fall be, fudden and great for the feafoq, it will 
probably be followed by thunder. 

5.  When the appearances of the Iky are very 
proniifing for fair, and the barometer at the fame 
time low, i t  may be depended uphn the appear- 
ances will not continuc 1-0 long. The face of tht 
&y changes very fuddenly on fuch occafions. 

6. Very dark and denfe clouds pafs over with: 
out rain when the barotnetcr is high ; whereas, 
when the barometer is low, it Fomctitnes rain8 
almoft without any appearance of' clouds. 

* 7. All appearances being the fame, the high& 
thc barometer is, the greater rhe probability of 
fair weather, 

8. Thunder is almolt always preceded by hot 
weather, &id followed by cold and fliowery 
weather. 

9: A fudden and' extreme change of tempera. 
ture of the atrnofphere, either frOt11 heat to cold 
or cold to heat, is generally followed by raid 
within 24 hours. 
' 

IO. In winter, during a froit, if it begin t? 
-fnow, the temperature of the air generally rife9 
to 3 z 0 ,  and coritiriiies there whillt the h o w  falit?$ 
a f m  which, if the weather clear UP, expe&fe. 
vere cold. 

I I .  T h e  &ora boreah is a prognofiic of fa$ 
weather. S G  &Cay 8, Sea. 6;' ' '  ' *  ' 

AppadiNa 

i 

._I . * . d  
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~ p p c l l d x ,  contt~t:i?rg atlditionhl N&S, WC. q 
u'gerent parts oftbe Wad. 

PACE 8. 
HE Iiright of Kciidd above the rea was'fci 

fince found, by levelling with the b&irometer, 
that Stroniongate bridge, at Kendal, is 46 yards 
abcve I m e n s  bridge, to which the tide flows; 
though it l'eems the furvey for the intended canal 
&ikt.s rhc height lek: I am not aware of any 
iircumitance that couid lead me into an error. 

:' Mr. Cru/?lJwuife has lately determined, by IC- 
velling with a very good theodolite, that  BaJett- 
thwaite-lobe is 70 yards above the level of the. 
feea, ahd that i)eiweent-/abc, which is io yardi 
below h i s  barometer, i s  76 yards above the level 
of the re?; I make the lalt mentioned lake 8~ 
yards above the level of the rea, from barome- 
trical obfervatiop ; but if I have made an error 
By deterhning Kendul 5 yards too high, the re... 
Cults of our obirvations will bc reconciled e. 

Page 

I T down 2 5  yards, by efliniation only; 1 have 

.' *.The height of the following placer above the level OJ 
the 'lea have been determined as under ; the obfervationo 
with the barometer were made by myfelf, and thofc with 
&e theodolite by Mr. Crflhwaite. 

From b a r n  obi $1- the tIddi* 
Windermere lakc - - - 26 yardr. - 

in  the boundary of Cumber- 87$. 

511 - a 81. 
Mi" 

~ u n n i d r a + ,  barrow of Ronrr, 

land and WcJlmorfunJ 
tutbrr &&8 * - - 1 



Pagc 2cp-The greatefi lieat experienced, >fer 
&e iafi 5 years, at Kendal, was on the i f i  of Au: 
gufi 1792; but the heeat ofthc prefcnt year, 1 j 93, 
exceeded ; the thermometer in the hade  was 83''; 
qm the Rtth, an! 84; Qn the 1 5 t h  of July. 

. Page ag.-There is a great difcdrdance in tbc 
height of Skiddaw, as determined by the obkr- 
vations of different perrons; 1 have remarked 
@hat Mr. CmJbwaite made i t  1050 yards abovd 
nerwenk lake, I And' fince that Mr. Donald made 
k to90 yards above the fea, and 958 above 
Bofenthwaite lake. Mr., Crdtbwaile, by a later 
admeafurement, determines its height I ooo yards 
above &went lake.--On the ~ 6 t h  of AuguRtl 
8793, I attempted its height by the barometerl 
for which purpsk the tbllQwing obfery ation) 
were made, 
&e 3h gam 8. M. the barometer upon the fiimmit 
. of Sdirfdaw, when the proper allowance for tha 

p i t  of the wrcury  in the gekrvoir wae mads, 
fiood at - .- - - - - - - 9 t6.7yinchec 

Mr. CroJbwaite'e barometer at KYwicR, allowing 
for thermal1 diference of the barometers when 
iogether, at the fame time, Rood at - - 2Q.715---. 

dcradhed tharrnomcrer &ow was, in the fhads, - 4 6 O .  
4 detached thermomctrrc blow war, in tho hade, 609 

Now, 
M y  qbferratipns vere taken both in going to and return- 

ing from &&id, and compared with nearly c o t r m p x a q  
obirrrvations at KenJal and KeJ.wirb; N tho former tima the 
air was dry, and at- the latter moi(t: the elevatione were 
found homething leis by the later obfervation8, but the dif: 

wao only a yiaFdiin Ltath/ah and g in Duninail-kariC 
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Now, by applying the theorem at’pafl‘bl, WC 
dnd the elevation ofthe upper barometer aboveth* 
tower 9454 yards ; whence, adding I* yards, 
&t the height of’ Skidhw above Derwenr lu&e =O 
956; yards, and i t s  height above the fea come3 
out 1037; yardk --It had been a good deal d 
rain on the morning of that day, and the doudil 
were jull broken off at the time of the sbimvtt~ 
tions, tlie air remaining ItiH very fofi; fro6 
Which circusdtance I am inclined to think that 
the height abqve determined is rather too little f 
for I have found by repeated obfervarions upon Id 
hili 3 I o yards high, that the heights are found lef: 
by rlic theorcni as the air is fofrer, ,wtFriJpnribm*> 
I think thcrcfore we may conclude Skiddaw to be 
pearly I OQO yards above Dcrwent lakc, agreeable 
$0 Mr. Cro/?hwaite’s lafl meafurnient, till its height 
can be more exaAly afcertained by a repetition of 
oblervations *. - AFTER 
* Mr. CmJAQlldit~ make8 the height of Luhk, a n o t k  

mouiitain in  the ncighbourbood of Kqwicl, to to bc 319 
yards above Derwent /deccl by obfervations on the barometer 
brc above hrtritioricb ‘da’gi I found its hriglrt 312 yaruq 
which, forkhe rcahn dRgneed above, is prdbrlbly too little, 

.I Ht/v+-lbn ie a mountain clofc by the road leading f r o r  
Kendal to Kr/nuirh, about 8 milee from the latter place ; a 
bas always,juRly been oonfidercd higher than S&&auc. & 
the a7th of Auguff I mad+ thc hhWiog~bb~arv$tior# 
determine i t s  height. 
M th 3m P.-M. brmmrter ot’the Ibmdb boneot&’b- 

J$detoahed thermmetcr nt the fummitww - - - - - - +ao&, 
&rfmWtw belaw, to yard6 above Leor6n Ish, - . - - 19439; 

$2 A”dt&hd tht-tWb*W WM * - , .  - - - - - - 
,~ . 
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AFTER I had obferved the aurora horralis to 
to difturb the needle fo greatly; as is related iq 
the addenda to the obfcrvations on that head, I 
sonje&tired, LJ priori, that thunderdtorrns would 
do the Eaine ; accordingly, 1 watched the needle 
for a confiderable time during the only thunder* 
t o m  we had at Kendul in the futnnier of 1793, 
namely, on the evening of the 3d of Augultj  
but, far from perceiving any unufual flu€tu4ition, 
I could not difcover the needle was perceptibly 
difiurbed a11 the while, and it continued at the 
fame itation the next morning. 

On tbe ja te  of Tapozu- in the Atrnfppherc, Wc.- 
See page 134, andjofbllowing. 

AFTER making foms experiments upon the 
iffetks of the condenfation of atmofpheric air, in 
a glafs veffel, by means of a ryringe, from which 
I find that repeated condenfation produces a de; 
pofition of water upon the infide of the glafs, 
and repeated rarefattion rcmovei the fame ; alfo, 

having 
From which the elevation of the upper barometer above the 
lower comes out 869i yards; to  which adding 1.71 and IO? 
we get the height of Hthellyn above the rea = 1050; yard#. 
piit it Ihould be obferved the Rate of the air W R ~  ffill’rnor3 
moiR than when I was upon Skiddaw, and the obiel vation ’at 
top was taken during a fiowrr ; from which it is probable 
the height of Hthtllyn above the rea ia nearly I 100 yatda I 
Mr. Donald makcs it I 108 above the rea.-Abbut zoo y&dr 
&low the4ummit there is a very 4inc fpring, from which..r 
large Rream of water defcenda all the year round, with little 
-riation in quantity at the different Lalous, ae my % oide in=* 
&rprmcd me’; it6 tcmpcroturc’l hund’id bi’38’; ‘ ’ I Is,,, - e  9 
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having made foine experiments upon the effeCt 
of heat on water thrown into the vacuunt ofa 
common barometer, which tend to confirm thofe 
tllc rcfult of which is given at page 134,--I am 
confirmed in the opinion, that the vapour fwa- 
fer (and probably $ ni@ other liquidJ *) ex@ at 
all tirites in  the atmojphere, and i~ cnpnble of bearing 
any known degree 4 cold without a total condenza- 
tion, and that the vapour $0 ex$ing i s  one and the 

Jume thing witb fkeam, or vnpour af the temperature 
of 2 I 2 O  or upwards. The idea, therefore, that 
vapour ' cannot exik in the open atmofphere 
under the temperature of 2 1 2 O ,  unleb chymi- 
cally combined therewith, I confider as erronem 
ous ; i t  has taken its rifc from a Cuppolition that 
pir  prefing upon vapour condenfes the vapour 
equally with vapour preffing upon vapour, a fupa 
pofition we have no right to affume, and which 
I apprehend will plainly appear to be contradic- 
tory to reafon, and unwarranted by fat%; for, 
when a particle of vapour exifis between two 
particles of air, let their equal and oppofite pref. 
fures upon it be what they may, they cannot 
bring it nearer to another particle of vapour, 
without which no condenfation can take place, 
all other circumfiances being the fame; and it has 
never been proved that the vapour in a receiver 
from which the air has been exhaufted is pre- 
cipitated upon the admiffion of perfeQly dry air. 
Hence, then, "ye ought to conclude, till the con. 

D d  trary 
* Dr. Prh$Vcy ObfwPcE in the fifth valume of h i 8  Erpcrb 

ments, page 225, that quickfilver evoporiteo not only ih vacuo 
but when expoled to thc atrnofphere. 
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trary can be proved, that the condcrfation of va. 
pour expfed io the c m m o n  air, docs not in any 
mnner depend upon ibe pl-eJure of the air. 

AN the fat%; however, confpire to prove that 
the ieinpcratirre of the air bears a relation to the 
condenhtion of vapour ; thus, the uttnoR forcc 
wliicli ,vq)our of 2 1 2 O  can exert, is equivalent 
to the weight of 30 iriclies of mercury, and any I 

greater force thnn this, atting upon vapour alone 
of that teniperature, will conderife the whole into 
iwttx ; and, if the teniperature be lek, then the 
utlnoit force or fixing of vapour is Id's, as is in- 
dicated by rhe table in page 134; and 110 doubt 
as the uttnoit force decreafcs, the 'utmoit denfity 
will decrcafe alfo, though probably not in the fame 
ratio. Iicncc, then, atmolpheric air, faturated 
with vapour, i s  fuch wherein the vapour, conti- 
dered abltraRedly from the air in wliicli i t  is 
diffufed, is at its utmok denfity for the ternpera- 
ture ; i n  fuch cafe, if a quantity of atmofplieric 
air and vapour be taken, and mechanically con- 
deliled, a portion of the vapour will be condenfed 
into water, and give o f f  heat;  on the contrary, 
if it be expanded, or, which amounts to the 
fame thing, if a quantity be taken out of a re- 
ceiver, the remainder will have its capacity for 
vapour incrcafcd, as has been already oblerved. 

'I'hough the preRure of the air does not pro- 
mote the condenfation of vapnur, yet when the 
preffurt: is removed, evaporation is promoted ; 
'-or urider the receiver of an air-pump we find 

that 
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that the vapour from the wet Icather rifes as fa[t 
as i t  can be putnpcd out, when 111e rarefaction 
has proceedtd to a ccrtain degree. 

In order the inore to illultrate and confirm 
the notion of vnpour here laid down, we Ilia11 
now attempt to euplain feveral fatis, wliich have 
been cotifidcrcd as involving difficulties, and wc 
believe Tome of tlicm h a w  never been accounted 
for by others. 

Dr. Alexander, i n  his Experinicntal .Ffiy.r, 
page 1 0 2 ,  informs us, that from Totlle rxperi- 
rnents he was induced t o  th ink ,  that  blowiug 
upon the bulb of a tlierinoineter with a pair of 
hand-bellows would cool it, but upon triiil foouiid 
it  was always heated I or more degrees by the 
operarim-Now, if a thermonieter th;ic hiis juk 
been dipped in water of the fame trmperature as 
the air, be blown with a pair of hand-brllows as 
above, it will be cooled fevcyal degrees. 'I'hefi 
two faas  I have proved frequently, from cxpe- 
ment.-Again, I h .  Darwin (tee the note, page 
136) found that air having been for rattle time 
condenfed, upon ruhing out againlt the bulb of 
a thermometer, cooled it fcveral degrees, and a 
dew was depofited upon the bulb. 

T h e  reafon of there apparently tlifcordaiit f;I&ts 

may be explaiiied thus : the condenlation of va- 
pour in a pair of hand.bellows will precipitate a 
portion of the infukd vapour, which gives off' its 
heat to the air ; and thus the teinperature of the 

Dd a air 
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air in the bellows being increared, that of the 
thermonieter, expded to the current, will be 
incrcafed accordingly. In the ,fecoiid infiance, 
the water on the bulb of the thermometer being 
expofed to the current of air, quickly evapo- 
rates, and at the Came tinie abforbs the necePary 
heat from the ,quickf~l~~cr ,  13ut in the third i r i -  
fiance the heat confcquent to the condrnfation 
was fuffered to elcape, wkillt the cor:denfed va- 
poiir or water remained in the air-gun ; the air 
rufhing out was therefore of the farm tempera- 
ture as the furrounding air, and probably a great 
portion of the condenfed vapour remained me- 
chanically mixed therewith ; a depofition of wa- 
ter upon the bulb of the thermonieter was of 
courfe unavoidable, and this being refolved into 
vapour by i ts  expofition, reduced the temperature 
of the thermometer. 

In  the Philofophical TranfaEkions for 1777, 
there is a very interefiing feries of experiments 
fhewing the effeos of vapour in the receiver of 
an air-pump, when the air is exhaufied; the 
,experiments were made by Edward Nairne, 
’F. R. S. upon a pump on Mr. Smeaton’s con- 
firufiion. H e  ufed two gages, one of which 
was the coxninon barometer gage, which was of 
c o d e  an accurate mearure of ihe force or  ela- 
fiicity .of the medium of air or  vapour within the 
receiver ; the other, called the pear gage, from 
its &ape, confified of a glafs tube, capacious in 
the middle, and ending in a narrow ncck, which 

was 
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was clofe; the other, or open end, was, by a 
contrivance for the purpofe, let into a bafon of 
mercury before the air from without was fuffered 
to enter, and upon I its adinifion the quickfilver 
was forced into the gage ; the fpace occupied by 
the air being then compared with the whole ca- 
pacicy of the gage, gave the rarefattion of the 
permanent eldlic fluid or air.--The chief fans 
obfcrved werc the following, 

I. When the pump-place leather was foaked 
in water, and the barrel of the pump well cleared 
of moi'lture, then, after working the pump for 
IO minutes, the rarefaaion indicated by the 
pear gage was very great, and exceeded what 
was obferved in any other circumfiance, whilfk 
that indicated by the barometer gage was often 
not '1;8th part as great as the other ; alfo, it was 
obferved that the rarefaQion by the pear gage 
was /$ every time the experiment was repeated, 
but that of the barotneter gage was always the 
fame at the fame time, 

2. When the pump-plate leather was foaked 
in water mixed with l'pirit of wine, the rarefac- 
tion by borh gages was lefs than in the former 
cafe; but the refults in other refpeas were fimilar. 

3. T h e  effeAs of different temperatures of rhc 
air upon the rarefaQion were as follow : 

Pumpplate leather leitg fiakcd in water. 
Air in the room 46O-barornettr gage 84-pear gage 20000. 

57 .56 -16000. 
Purnp-pf& 

. , t  



206 Appendix, 
Pumpplde Iratbrr being fiaked in waier mi.ted w2bBirit of wine. 

A i r  in the room 46'--Laromcter gage 76-pt'ar gap 8000. 
49 - IZOO. 

4. When the leathers of the p$'on, were foaked 
in water, the two gages nearly correfponded ; 
but the utmofi rarefatlion in this citcurnitance 
was very finall, being, for infiance, 

27 

In one pump - barometer gage 37-pear gage 38. 
l o  another pump 34 3 7. 
5. When the pump, &c. were dry, the baro- 

meter gage was fometinies 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 pump-plate, 
the two gages nearly agreed, the rarefaeion b r  
both being about 600, in damp weather ; but in 
dty weather, and in a ail1 greater dcgree when 
a quantity of vitriolic acid was in the receiver, 
(which was always found to gain weight by fuch 
its expofure) the barometer gage indicated a 
greater rarefallion than the pear gage. 

Thefe fatls, fome of which the ingenious artilk 
who made the experiments ac'counted for, leem 
moll or all of them capable of a fatisfa6tory ex- 
planation upon the theory of vapour we are here 
maintaining.-When the pump-plate leather is 
'foaked in any liquid, and the prefiure is fo far 
diminiflied that the liquid boils, or tu rns  into 
vapour, it is plain the prefhrc can be no furrher 

diminiihed j 



mtaining additional flairs, Wc. !zec/ 

diminifhed ; and in fuch cafe, when the pump io 
wrought, it muft draw each time a portion of 
the remaining air along with the vapour, and 
thus the air in the receiver admits of a diminu- 
tion alrtiofi ad inyfnitunz, and vapour generated 
inltantaneoufly fuupplies the place of the air with. 
drawn ; when air is let in, the vapour in the.pear 
gage is condenfed, and there remains nothing but 
tbc finall portion of air, with its faturating portion 
of vapour, at the top of the gage.-The realbn 
why the repetition of the experiment decreakd 
the rarefaaion by the pear gage, was, that the 
f rquent  condenhtions of air and vapour in the 
barrel of the pump muit have produced a depo- 
fition of water there, by which the effeQ war 
foofier at its neplus #lira; for, when the vacuum 
of the barrel is not perfetl, the quantity drawn 
from the receiver in a given time inuk be lef8 
than otherwife. I have no doubt if the experi- 
ments had been repeated often enough, the lea- 
ther of the piRon and the valves would have been 
i n  eff& baked with water, and the refuk as 
sated in the 4tb fa&: in this cafe, as foon as the 

the air in the receiver is weakened to a 
certain gegrce, workiug the pump does not avail, 
becaufe the vapour in the barrel, together with 
the refinance of the valves, is juf i  fufficient to 
counteta& the fpring of the air within; hence 
the rarefallion by the pear gage is then fcarcely 
greater than by the barometer gage. 

Experience proves that fpirit of wine rifes 
feoner,into vapour than water j conkquently the 

rarefaktior 

. 
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rarefattion by the pear gage, when the pump i s  
wrought a given time, mut t  be lefs than when 
water is ufed. Alfo, it follows apriori, that the 
cooler the circumambient air, other circum- 
fiances, being the h i e ,  the greater mufi the 
rarefaaion be by both gages. 

When by long pumping a quantity of vapour 
is co1leAt.d in the barrel of the pump, I con- 
cciye a portion of it may, during the operation, 
efcape again into the receiver, this will account 
for the 5th fa&:. 

I do not fee how the 6th fa& can be explained 
wifhout fuppoiing that the elafiicity of dry air, 
when greatly *expanded, decreafes in a greater 
proportion than its denfity; it is true that the 
increafe of cold in the reci?iver, and the lefs va- 
pour there is in the air at firft, the more will the ' 
rarefaAion indicated by the barometer gage ex- 
ceed that of the pear gage; for, it cannot be 
reafonably fuppofed that when the rarefaAion' is 
at its utmofi degree, the proportion of vapour to 
air in the receiver is no greater than at firit; I 
conceive, therefore, that the air condenfed in the 
pear gage is always faturated with vapour, u 
perhaps when the vitriolic acid is in the receiver, 
and of courfe its bulk, ccetetir paribus, greater 
than before:. but this alone is not Sufficient to 
account for the obferved differences of the gages. 

THE ENDa 


