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Sty j"THIS translatlon of Arago’s Meteorological Essays forms b

: ’:’;r,the first volume of a translation of all- the ‘principal
o works of th1s dlstmgulshed Author. " -The Introductlong

o r 'j,by Balon von Humboldt Wh1ch is' included in “this .

volume, fully eXPIalnS the- origin and plan of the col- .
By lected ed1t10n of Aragos works ; and it therefore only B
_ »v'remalns to state that Arago s Popular Astronomy isin

,;'j";f""the hands of Admlral Smyth- and Mr. Robert Grant,
- and that the first volume of that Work compr 1smg the’
' ﬁrst and second volumes of the French or1g1nal Wlll N

appear early in November. . Other portxons of Araoro g

/ ;;"'»WOI‘kS will be translated by the Rev. Baden Powell. B
“In conformlty with the clas51ﬁcat10n adopted by M.:
‘;‘ ""‘,'Arago, Terrestrial Magnetism formed. a part of the

: . Meteorologlcal Essays, and is here retamed in the same -

- pos1t1on ThlS Essay appears to have been written for

the most part - anterior to the con51derable advances S

- gWhlch have recently been made in that branch of terres: -

o tr1al phys1cs Tt contams, howeéver, in addition to much e

' 1nterest1ng 1nformat1on in regard to the early views Off' S
; 1ts 1llustrlous author, a résumé - of the results of M

’A2




Sy : ’f i ADVERTISEMENT

Arago s owh magnetmwl observatlons wh1ch occupled a.

. k‘f,f.".large portlon of his- tune and thoughts between the

. years 1820 and 1835, The ‘deductions from these
L observations are now for the ﬁrst time made pubhc, and
e are. due to MM ‘Barral and Thoman, who, at M. Arago s

e 1equest undertook the labour of their calculation.

Sean reqmre ‘some addltlonal notxce “An-. 1ndex 6 the

L ‘iof the general index.

‘The fallure of M. Arago’s health and sight. havmg

prevented him from 1ev1smg the Iissay on Terrestrlal

~ Magnetism ‘as fully as he appears to have done some of S
i vthe others, the Editor of thls volume has added a fewj-
 notes to partlcu]ar passages Whlch ‘appeared to h1m to s

- Editor’s notes will be found in page 504., at the close '
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BY

. BARON ALEXANDERVON HUMBOLDT.

IN these few p'l.ges I fulﬁl too conﬁdently perhaps, and'

WlthOllt duly con51der1ng the: ‘measure of my ability, a mourn-‘ il

“ful duty Inv1ted by the kind regard of a family who are gL

“dear to me, ‘to prefix a short introduction to the collected'
works of the illustrious man Whose frlendshlp, durmg nearly
half a century, has contrlbuted to the happiness of my life,

‘some apology may seem to be required for having acceded "
" to this Tequest ; I offer none, however, because I have felt

that nelther modesty, nor the claims of other hterary occu-- o
7 patrons, can have any- place . when asked to lay on- this
/vrecently closed tomb the homage of my %dmlratlon and_'

hvely gratltude s ,: : LT

: ~M..Arago and T'were fe]]ow members of the Academyk" o
ek of Scrences ‘of the French Institute ; ; the mtrmate relatlons )

mamtamed between us throughout a long series of ye'lrs, v
hls pleasmg and constant habit of conversing with me and . =~
wrltmg to me concerning his labours and his” scientific pro-‘ '

Jects, aﬁ'orded me the most favourable opportumt]es of . ob- E

: servmg, T will not say the development of the facultles of

: * his_powerful mind, but their progresswe apphcatron to the
e great discoveries which we owe to him. . Without intending - -

= to write either a Euloglum or a Blographlcal Notice, I pro~ = =

a -

pose, therefore, to- avall myself of the 1cqua1ntance w hlch I




'axviii* ) HUMBOLDTS INTRODUCTION

i :kthus possess Wlth all the materlals whlch have been br ought

“together in the collection - of M Arago’s works, = I Would"} SN
~recall the vast extent embraced by the labours of a- smgle' =
man in the different branches of human knowledge, and. -
'/how, amidst this variety- of ob_]ects, his mind -tended ever s
‘towards_-the- same leading aims, .e. generalisation of views,
" ‘the  connection of phenomena which' had long appeared to .

stand alone, and a_nearer approach to the less access1ble

: ."reglons of natural p}n]osophy "The action of forces mam-ﬁ;r :

-fested in light, heat, magnetlsm, and electrlclty, as well-as "~

in"the combinations and decompos1t10ns of chemlstry, belong

“to'the series of mysterious effects on which the brilliant dis- -

- coveries of the 19th century have shed an unexpected lllu-f’:;f,"

‘ mlnatlon ~In the field of these glorious - conquests, M

‘ 'Arago has taken his place among the great physwlsts oft L
~our age. At once ardent in dlscovery and’ circumspect in~~ -

. regard to conclusions which might be beyond the ]egltlmatek‘"
" reach of partial results, he especially delighted in indicating =

" mew paths by’ which the- desired goal: mlght be more and - -

more nearly apprmched ‘and . in Trecognising - 1dent1ty of
“cause in phenomena appatently most diverse. When we .

" rise from the consideration of the method followed- by M.

Arago to that of the powerful faculties which he exercised, : Sy
" we’ canilot ~measure their extent “without - astonishment.: S
SN While to scientific men he moved back the hmltlng bound-' S
. aries of the study of Nature, he had, at’ the ‘same ‘time, a

marvel]ous aptitude for the diffusion of kng orledge alread'y;,,b.\lj».
o %qulred Thus’ no kind of influence was \vantm«r to: hlm, o

5 and the authority of his name equalled its popu]arlty S
It was-five years after my return from Mexico, durmgf

k ,whlch mterval I had had the inestimable advantage of work- . _‘
"~ ing with M. Gay-Lussac, with-whom I had travelled in = .
- Italy, SWltzerhnd and Germany, that I bécame acquamted S

e with M. Arago on his arrlval from Algiers in July, 1809,
 Heé had travelled along the coast of Africa in.the month of
) 'Aucrust, 1808 after having been long a- prlsoner in a




J:{,. .%'1‘0 ARAGOS WORKS SN ,'xut'l\,z :

'»Spamsh c1tade1 at the couclusmn of 1mportant trlgonome-'“
“trical operatlons for the connection of the: Balearic Is]ands »

s :with. the continent.. o B
"My attention’ had long been drawn to M Arago, not-‘_i PTE

, "v‘only from his. havmg been dlstlngulshed by the - ¢hoice

~+ which; on the strong representations of .Laplace, the Bureau o
o des” Longltudes had ‘made of him' to proceed to- Sp’un for.

"‘the purpose of terminating, in conjunction with M. Biot, : -
o the. French arc of the meridian; but also, and more espe--

\;'; cmlly, by the opinion of the most. illustrious of geometri-

mans,—-—the author of the ¢ Mec‘tnlque Ana]ythue, — L'l-f;’ e

‘grange, with whom, I had then the honour of being on inti-

" mate terms, and who, with. the sagacity which characterised ~

-l his Judgments, had recogmsed the gre’xt and early de-~ -~
' jveloped ‘powers of the young: pbllosopher He had been: " -

struck’ in him from-the first with that faculty of penetratxon‘
'_;,whlch in complex prob]ems discerns, and rapidly and clearly

- ~Jays hold of, the decisive point, and had often spoken of

~him to me as a young man of- extraordinary promise. This- '

“divination : of - L‘tgrange, who was generally so sparing of
o pralse, has remalned in: my ‘memory as a tltle of honour~

g Worthy of record. : :

. When M. Aragos arrival _on the _coast of France was:c i

;made knowntat Arcueil, where T was' then hvmg in the en-. D
. joyment of the friendship of Berthollet and- Laplace, I wrote = -
to congratulate him before he quitted the Lazaretto at Mar- -

. ":,sellles, and - this was the first letter which he received in i

;Europe after having been exposed to so many dangers and
S uﬁ”ermgs in preserving the fruits of- his observattons. I
recall a: fact of very little moment, — but I do:so because

'IIM Aragc, feeling .the charm which friendship gives: to life, i

’ 'preserved a. long-continued and " llvely recollection of ‘it, and' :
~“dated from thence the origin of our subsequent intimacy. B
In September, 1809, at the- age: “of - twenty-three, M.' ‘

”;Arago was’ elected ‘a  member. of the Academy of Scxences

‘by 4«7 votes out of 52 - He succeeded Lalande, whose rare 5

a.2
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L rﬁe’rita attacked \Viﬁh,~tbo‘ much levity during"‘h"i‘s‘ Ion‘g'}'VScién“f-fﬂ "

- -tific career, has-since his- death been ‘universally recognised. -
- It was not alone M. Arago’s arduous astronomical and geo- -
" desical .labours which the Institute desired to recompense .

by his election : the attention of. scientific men: had also - -

~ been drawn.y to several -important. optical -and. physical in-

_ vestigations: In concert with M. Biot, M. Arago had de-
'(‘te'r'niined the wéight of atmospheric air relatively to that of
mercury, and had measured the deflection undefgdne by) a oo

ray. of light in the different- gases. Thenceforward the = -
".:ptism»‘an(l ;the"r'epe"ating circle Wei‘e',c'apableff‘offfurnishing i
- data respecting the proportions between the cdnst“itivjetit‘.f‘:fif

parts of the atmosphere, and even of showing how ']it'tle!j"

those proportions vary.  Suchis the admirable mutual con.

" nection " which’ links- together diﬁ'erept»natufaliphen’(imeﬁa,‘?,/";Q?

~ that it has long been poséible for the geometrician’ to-prove g

to the chemist, solely by the measurement of an angle of re- ‘

~fraction, that atmospheric air contains less than twenty-seven -

or twenty-eight per cent. of oxygen. .

- " The'velocity of light had been 'td‘M.\Aragokthe“ subject -
of a no less ingenious investigation in physical ast'fon'o'm)‘r:.‘ R
By the application of a prism to the object-glass of a tele-
scope, he had proved not only that the same tables of 're,-,,’
fraction ‘mayserve for the light which proceeds from the ~ -
sun and that which comes from -the fixed ~stars; but alsoa .-
fact which was already éﬁfﬁcient to cast, great ’doubts'oﬁ;t‘he?:; :
- emission ‘theory, viz. that the rays of light coming from;thet,x{
- fixed stars-towards which the earth is moving’,; and the«rayg o

“of light éoming from the fixed stars from ‘which VsheLis»‘xr

receding, are refracted by exactly the same quantity. . In .
~0rderi,ito'reconcile this - fact (obtained from very delicate ob- - N
~ servations) .with the Newtonian hypothesis, it would- have  ~:

- been. necessary, to_admit that luminous bodies emit rays of -

all velocities, and that it is only rays of a certain ‘velocity
- .which are visible, 7.e. that they alone produce in_the eye
~the:sensation of light. , R
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In cons1der1ng the kmd of researches to Whrch M Arago

-‘_,had addicted himself- even before he qultted‘France, we may Bety

- remark in: the first i instance an extreme predilection for every-

: thlng relatlng to refraction; 7. e., to the p'rth of lummous rays, - et

5 and the causes which alter their velocity. ~ This. predl]eCtIOH,

“as- Arago hlmserf has. often-told- me, took  its:. rise from:

¥ y-:the assrduous perusal of ‘the works on Optlcs of . Bouguer, % ':» ‘
" Lambert, and Smith, which had very early fallen’ into" hls

k‘*iihands ~Can I fail to remark how great an influence must -
~-have been exéraised on M. Arago’s mind, during the three

’:r»}years employed by him in geodesical operations, by the
- aspect of Nature, fertile in the plains, wild and often grand
- on the summits of the mountains; by the colour of -the agi= 7.

‘tated waters “of. the .ocean ;. by ‘the varying helght of -the-

et clouds’; by the: mlrage over. the arid shores, and in the strata-
" of ‘the atmosphere in which the night- SJgnals appealed to -

be multiplied, and ‘to' be alternately elevated and depressed

o and general]y by the life passed in the open. air, beneficial i in.
.80 many respects ; in -enlarging his sphere of thought,” and:

;V.'/'fstrmuletmg his - imagination, and excmng his curiosity;
. amidst the continual perturbatlons occurring in the, never-

?‘theless, ‘SO regular, succession of phenomena ? A traveller-t ©
“whose: life ‘is devoted toscience, if - susceptrble to the im-: -

fpressrons of grandeur in " the scenes:of- Nature, brrngs back

~~from distant-and adventurous rambles not on]y a ‘treasure ..

Zof recol]eetlons, but what is still far more precious, — a dis-

p\o‘Sition to enlarge the horizon of. his contemplations, and-

. to: consider a great number of ob_]ects at once, and In: their

““mutual: relations. " M.: Arago-had a marked preference for . N

kf,..ﬂl the- phenomena -of ‘meteorological optics; he was espe-"

: ‘crally fond -of investigating the laws \Vhlch regulate the
- perpetual variations of the colour of the sea, the intensity

".b’of reflected light on'the surface of c]oud@, and the play of -

o t’_‘ltmospherrc refractions.- S .
S IE T mlght here permit myse]f to- enter into some- detalls,

. ‘,'I would recall how . greatly the young. astronomer had been i

a3

-
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Tt struck by the facility w1th whlch When seated ona mountam

chiff: descendlng abruptly to the water, his eye could penetrate v

to the bottom of the sea and discern its rugged inequalities. . - -~

~ This simple observation led h1m at a. subsequent period into
~ highly interesting discussions concerning the ratio of the llght )
~ reflected -at an acute angle from the surface of the water to

' that which comes from the bottom of the water ; it also led{,ﬂ e

" him to the i ingenious idea of suggesting, for the dlscovery of

_shoals or rocks under water, the use of aplate of tourmaline; =

~cut parallel to the axis of double refractlon, and placed before.-

‘the pupll of the eye in such a posmon as to eliminate the rays - '

_ reflected from the surface of the water under an angle-of -

37° and consequently, completely polarised. - As said by
- himself in the instructions drawn up for the Voyage of-cir--- -
‘ cumnawgatlon of” the Bonlte, this ‘was an attempt to 1ntro-fu o

" duce polarisation into the art of navigation. -
The number and variety of DL Arago’s 1nvestlgatlons, :

~ directed equally to terrestrial and celestial physies, will .
render an-account of his life, When 1t shall be. attempted, a’
-very difficult task. In all these we find the same: penetra.- . o
. ting spirit, the same ardour in scientific advance, and at the. -
" same time the same temperate reserve in the formatlon of -

'conJectures It has been said elsewhere, and Just]y, that M.

~ Arago had derived from his thorough study of mathematies, =
- that strictness of method and security -of view, which hei" v
‘ brought both’to his own experimental researches and to the

- appreciation of those made by his contemporaries. The public’

U’;fbeheve that generally speaking they have a right to feel a .

little mistrustful as to the solidity of researches by-the same - ;

author on a considerable variety of subjects; the pre- T
sumptuous expression of * universal knowledge,” is hlghly o
dangerous, besides being always misapplied. Bacon, Newton, S
~ Leibnitz, 'and Cuvier, possessed .very varied, bwssuredly ORI
- mnot universal, knowledge. By the extent and variety of his
~ knowledge, M. Arago takes a place by the side of the most, e

o emment men of whom science can boast..

3
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. .~ Inorder to placc ina true llght the merlt Df men WhO\{"? -
e }nve left behind . ,them a brlght track to mark their passage” - Er

amongst us, we. should fix .our attention first on the’ most
+~salient points in ‘what has been effected by them, The great
f'.ffdxscoverxes of M. Arago_belong to the years 1811, 1820,
"\"",and 1821.. They relate to- optics,:to. phenomena in physwal '
astronomy, to electricity in motion, ‘and to the developmentr
- of magnetism by rotation. To indicate them more specifi-
“ cally, they are, — 1st, the discovery of coloured or chromatic
p()lamsatzon 5 2ndly, the preciSe observation of the displace- '
ment of ‘the fringes, caused by the encounter of two luminous

5 rays, one of which passes through a transparent plate,-as. \
ot glass, for .example,— a phenomenon which indicates a dimi-

L in direct opposition-to the emission- theory ;-3rdly, the. first
observation of the property of attracting iron filings possessed
~~~’~.by the wire which conducts electricity in Oersted’s experi-

' nution of . veloclty, or a retardation while in progress, and 1s .

ment, otherwise called the reophore of the pile; the happy . '; S

~idea of causing the electric current to.pass:in a helix round a

Leyden jar -as by a voltaic pile; = and, 4thly, rotation
S { magnetzsm
~:+.The discovery of chromatic polarlsatlon led M. Arago to~
; f’} invent the polarlscope, a photometer, the. cyanometer, and:

- needle; and to_ _magnetise- it -as well by the discharge of a~

o apparatus of varlous kinds used in studymg different optlcal B

~ phenomena. . It was by-experiments on chromatic polarisation
*that previously to 1826 M. Arago showed by physical evidence

o that the light of the sun proceeds, not from an incandescent” : o Eh

T ‘f‘sohd or liquid mass, but from a’gaseous: envelope. Having -
~ foundthe means' of dlstmrrmshmg direct from reflected light, -
it was p0531b1e to- ascertain thatin the light which: proceedst'

" from the tails of comets a portion is polarised, and that that:

£ light must therefore necessarily be supposed to-be,- in part at -

e least,'borroyyed Chromatic pol’trisation also furnished M.
o Arago with a means of recognising that the diffused light of
J the atmosphere is in part po]arlsed by reflection, and that by
e a4 ;
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‘suécéssiveljexérhininé the -atmospheric strata at different
" heights and in different azimuths thereis discovered a neutral -

point in regard to polarisatioh, situated in the sun’s vertical.
plane, and about 30° above the point opposite to that luminary.

This point, which is called neutral, because there is no sensible -~
. polarisation at it, differs:from the two other ¢ neutral points” .
of Babinet and Brewster, which were discovered Tater. . < < .

In this fine series of optical investigations T havea stil

" to ‘speak of two subjects which have been in a very gre\at:'\:‘ : :‘ ‘v )
‘degree- elucidated by Arago and his constant friend Fresnel,: - -

himself a master and discoverer in several departments: of *
optics ; they are subjects whose importance cannot be denied,
since they touch on the great phenomena of ¢nferference and

diffraction.. The first of these is the scintillation of stars, A

~ aphenomenon which the illustrious Thomas Young; to whom S
we owe the fundamental laws of - the interferences of light, . -
had thought inexplicable.  The scintillation is always accom-. -
panied by a change of colour, and of the intensity of the -

L light. . - The luminous rays-from the stars, after- having. = ‘

- traversed an -atmosphere in which- there are always strata
differing in_temperature, density, and humidity, ‘and, con-

sequently, in refracting power, re-unite to form an image, .
vibrate in accord or disaccord, and either reinforce or destroy - e
 each other -by.interference. I take pride in recalling that ="~
‘extracts from this fine thed‘l;yﬂ of - scintillation were publislle(j;f'~v R

for the first time, in 1814, in the fourth book of my:
“ Voyage aux Régions Equinoxiales du Nouveau Continent.”
The " memoir itself, .which is full of curious . histprical— ;
researches, is one ‘of the principal ornaments of - the- collec-
“tion:of the works of my illustrious friend.  Other extracts.

relating to the same subject, but taken from more-recent -

manuscripts, _belonging to the year 1847, have been inserted

in the astronomical part of my work entitled ¢ Cosmos.” "+ -~

- The Interference of light, respecting which, Grima]di'(‘of o

- Bologna) had already - obtained some vague glimpses about -
~whe-second half of the 17th century, hds given‘o‘cca's'i’on‘tdj

€
‘

-“kv" ~~
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= the énundiation. of a fundamentaI truth whlch has a]readyl o
~ been. often proclalmed viz., ¢ That under certain conditions -
: 'hght added to light produces ‘darkness.” . No- doubt " there':

is " inscribed - in -these few words the vmtory ‘of the-undu- -
latory over the emission theory, but this victory could not-
be: regarded as-assured -and -complete until supported by .
g ,‘fs1mple experiments which could not be re_]ected As'T have -

: *already said, M. Arago had discovered, in 1818 the re-
-~ ‘markable effect produced in-the phenomena of interferences
~ by-a- wvery- thin. plate; placed in -the path of ‘one -of . the

" two interfering rays. - There' then oceurs a dzeplacement of N
f-*ﬂw fringes, and a retardation in the light, which moves " -
"~ more. slowly through a denser substance. < The property
. of two rays of light to destroy each other by interference
’?'bemg once established,”. says M. Arago, in: alludmg to’ other:
. _experiments- made by him coxgomt]y with Fresnel, ¢is it not "
- yet far more extraordinary that we should be able at plea-

- sure to take from them that property, and that one ray should -
+lose:it for the moment only, while another, on the: contrary, «
shiould be deprlved of it -for’ ever after 7

: duratlon of the electric spark (1885), had succeeded in using -

~'When. Mr. Wheatstone, in his fine experlments on the

- »with great success his ingenious rotatory apparatus, M. Arago e
1mmedlately percelved ‘the . poss1b111ty by: applymg the same .l

J»prln(‘,lple of rotation; of measuring, by angular-deviations, the
- difference of the velocity of light in a liquid and in air. He -
gav‘é an account of the experiment which he propoéed tomake
-+ to the Institute towards the end of the y year 1888.""Aided by
an experlenced and skilful-artist, (the y younger Breguet ) he

o succeeded after ‘many-changes in, the apparatus, in reahemg R

~ his- pro.]ect.f TIn the course of the trials for this purpose," E

- ¥

- M. Breguet ‘had succeeded in causing an axis to turn eight
" thousand times in a second, when relieved of the ‘weight of
- -the mirror which it carried. At last,-in 1850; all was ready,

“and: the apparatus, with its:various: improvements, could  be e

‘ "made to, Work ; but -the great and sad alteratlon uhlchf"
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i M Arago s slght had, almost suddenlY’ undergone, tOOk |

- from him the hope of himself engaging in the observatlons.;r“‘
“In anote presented to the Institute, on the 29th of -April, -
. 1850, he announced this, saying, with a.noble snnphclty,:ff“ :
© “My. pretensions: must be limited to having propounded‘.l
“the 'problem, and- pubhcly ‘proposed certain - means - for, . 1ts; o
resolution. - In the present state of my eyes, I can only ac-
company with my best wishes the experimentalists who - =
- shall be willing to follow up my ideas, and add a fresh proof ... -
in favour of the undulatory theory to those- Whlch I have .-
deduced from a phenomenon of interference, too well knownf

to physwls’cs for it to be needful that I should recall it here.

- M. Arago had the satisfaction of seeing his wishes fulfilled, -

- Two experimenters, equally distinguished by their talent amd
by -the delicacy of ‘their observation, M. Toucault, to whom-
we owe the physical demonstration, by means of the . .pen--

dulum, of the earth’s rotation, and M. Fizeau, wko has de- . -

. termined by an ingenious method the velocity of hght in the

atmosphere, succeeded, after adding some further i improve- o

ments to the means proposed by M..Arago, in resolvmg‘

the question, in the sense which is subversive of the emission

théory.  MM. Foucault and Fizeau presented the results
~ of their labours to the Academy of Sciences, the: former
_ ‘m May, 1850, .and the latter in September, 1851.

If I have dwelt at some length on the principal researches o
of M. Arago on light, it has been because it ‘was the sub‘]ect* Lo
" to which he devoted himself with greater perseverance than =

_to any other,  for an interval of more than for ty years. . His-
. discoveries in- electrxcxty and: magnetism, however. 1mportant' :

they may be in themselves, only. occupied hlm, compara-{ .

tively speakmg, transiently. - The attraction-exercised on iron

filings by the reophore wire joining the two poles of the ’

-+ Voltaic pile,-and the magnetisation effected by the employ- -

- ment of a wire coiled as a helix, either. contmuoubly or.with -
interruptions and changes of direction, had been observed by L

N M. Arago previous to the admirable labours of Ampere, a'r‘ld e

»
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theqe observatlons had already glven a hvely 1mpetus to elec-‘,, o

- tro- -magnetic researches.
Rotatzon-]lfa_qnetzsm was dlscovered by M. Arago durlng

. f,‘a visit which he made to England, together with myself, for = o

" the purpose of comparmg the length of the pendulum:con--
_]omtly with-M. Biot. ' The results of our:observations I were:

" mnot so satisfactory as we could have. desired ; but M. Arago,‘ -
~‘while engaged with me on the slope of Greenwwh Hill, in

 determining the magnetlc lntenslty, by the ‘number of vi¢

~_“brations performed .in a_given-time by a dipping. needle, -
~ made the-important remark, which was excluswely lis own,

* that a ‘magnetic needle which has been set in motion, comes

' to rest sooner when placed in proximity to other substances,
~ - metallic or non- metallic, than when at a distance. from: them.

* From this first: remark, rendered fruitful: by ingenious com=

' binations, he was led in 1825 to explain the phenomena pro-

~ ‘duced by the rotation of disks 'wtmg on needles at rest, as

f iwell ‘as the influence Whlch water, ice, and glass exercise o

‘ on* magnetlc needles.  The -excitement of magnetlsm by
~ motion became a: subject of warm' discussions between Nobili,

Antlnorl, Seebeck, Barlow, -Sir John Herschel Babbage,

and ‘Baumgartner, which lasted for six years, or ‘until 1881;
_when' the brilliant discovery of Faraday linked all. the phe-w

'_"nomena of- magnetlsm by rotation to the fruitful’ prmclples
“fof mduced currents. Such is the character of the onward

progress of ‘the sciences at those. periods, unhapplly too .
~short, in which they advance with a rapid step, in.which = -

ideas tend towards increased generahsatlon, and the minds
‘of ‘the''students ‘ of nature are gradually rising tOWaldS a
0 hlgher order of conceptions. :

~In’ tracing the present sketch of the more 1mportant of

M Arago’s labours, and of the influence- which' they have

;‘i-i exercised, I have availed myself; in addition to my-own re-" |

co]]ectlons, ‘of those of two. men- devoted to his memory.:

M. Auguste de La Rive, the celebrated Genevese professor, .
~‘and M. Barral, a chemist and physicist of rare merit, hold- * . -

TO ARAGOS WORKS. = e xxvu,f,’ i
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ing an 0ﬂ101a1 etatlon in the. instruction gwen at thé Ecole

Polytechnique, of which establishment - I- pleserve a per-
- sonally grateful recollection from having long Worked there
"“under the direction of M. Gay-Lussac. s T
- After the general view above given, I have stlll to enter
into some details: respectmg thé distribution of the materlals
~of which M. Arago’s collected works will consist. But I
" must first premise that it will be difficult to follow any very -
determinate order, so close are the links which unite the:
different sciences, and which new discoveries are mu]tlplymg
- daily, and so uncertain.are the limits which.divide them. -
I also find- myse]f constrained to mcreased 1ndeﬁmteness, ,
from -the circumstances of . my bemg at a distance from ’

France (whlch ‘was-long to-me, as it were, a second.: father- :

land) and of not havmg M Arago’s. manuscrlpts before me. ‘

I divide the labours of my illustrious frlend gencral]y 1nto
Cosix .groups. -

.

lst. Laterary and Bw_gmpb?cal P(Wt S
1 beheve 1 am a just exponent of the public vowe, amldsti
al] the dissimilarities of opinion, when I extol in M. Arago’s

T Eloges Academlques, > the critical care given by hlm to

: mqulry mto the facts, the nnpartlahty of his Judgments,

" the lucid clearness of ‘his sc1eut1ﬁc expomtlons, ‘and a fervour
which increases in proportlon to the ‘elevation’ of the: SubJLCt
The same qualities dxstmgulsh the different discourses which

~ were pronounced by him in the political assemblies, Where s

N

-pled so eminent a place, and the reports ‘which were. dra\vn

’up by him for the purpose of ‘causing:due honour to be pald
" to'science in the persous of some’ celebrated inventors, R
In order that the merlts of the men whose life and labours

e from the nobleness and purity of his convictions, he occu~ . -

he proposes to traceand to chalacterlse may be Justly ap-- '

~ préciated, M. Arago generally begins with a sketch of ' the -
.- state of knowledge at the period when their career com-
menced He brought to'this work no less patlence.hthanv;.,

Y




"*l ardour, and lnﬂconsequence ‘his eloges are of hlgh 1mpor-

© tance * for - “the - “history. - of “science, “and. partlcularly for. =

TO ARAGOS \vomcs. ‘; o xxix e

" the hlstory of great dlscovenes. -Profound - conthlons, ac-- L

oulred by long and- arduous researches, have sometimes. -
o rendered h1SJlldgments severe, and have caused ‘him"to be -

cxposed to. unjust criticisms. . The dlscovery of -the decom- . ot

: k;,,posmon of water, for: mstance, and the’ invention of the'
hlgh pressure steam engine whxch ‘has so powerfu]ly seconded
“the dommlon of man over nature, are facts in regard to
"~ which, .as_in. regard to many ’, others also, sentlments of
natlonahty are not.the only cause of the @ alvergence of: oplmon

' exrstmg among scientific men. )
A zealous defender of  the claims of: mtel]eet M. Arago,

in. his: ¢&loges, often leads us to feel how much elevation ‘of "

moral character ‘dignifies -and ennobles mental Iabours. ~In

< his’ e_xpos1t10nsof the prmmples of science, on which he knew =~ -

"'We]l how. to shed an admirable and persuasive clearness, -
the style of the orator becomes the more expresswe, ‘the
greater the simplicity and prec1s10n which it offers ;- ;- insuch’ o

- passages he. att'uns What Buffon - denomlnated la vérité du,

S stylg.vv .- Lo T LT s

}Qnd Part relating to Ash'onomy and C’elesz‘ml P}Lyszcs. . B

G ;_Operatlons for the measurement of the French arc of the» )

: " merldlan in its most southern part, executed conJ01nt1y with
M Blot.-—rlgure of the earth.—Investlgatlons relating -to ;
_the ] precise determination of the diameters of the planets.—

~.':New ocular micrometer, and new. prismatic te]escope different -

- and- autumnal equinoxes ; dec]matlons of southern and.cir-
' cumpolar stars 3 absolute posmon of the pole star in 1818 ;
‘ - latitude of Paris ; parallax of 61 Cygni (conjointly with. M

M'tthleu) — Geodesical operations made on.the coasts of |

. ,_from that of Rochon.—Summer and winter solstices ; vernal = -

~France and of Lng]and CODJOlnt]y with M Mathleu and withi - 5 A

Enghsh men of science, for determmmg the-difference of lon- -
gltude between Greenw1ch and Parls.-—Reseal ches on the" ’
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dechnatlon of some stars of the first and second magmtudeq, :
. made conJOInt]y with MM. Mathieu and Humboldt. —Photo- - =

“'metric researches on the comparative mtensny of the: llght of A

different heaven]y bodies, and of the hght proceedmg from. ‘

the margin and from the centre of the sun’s disc. ——Inten51ty e

- of .the'light in different parts of the moon. ——-Varnblhty of
the ashy-coloured hght of the moon’s disc.—Polar regions =

- of the planet Mars.—Bands or “belts” of Jupiter and -

Saturn.-—Light of Jupiter’s satellites compared to that of -
the central - planet. ——Physwal constitution of the sun and of R

" its:different- envelopes.—Light emanating from the gaseous

parts ‘of the sun.— Singular phenomena presented by total :

eclipses of the sun.—Reddish protuberances showing-them-

selves on the contour of the moon during a-total echpse of :

the sun. —-Rays of - polarised" hght in the light of “comets.—— . <5
Cause of the scintillation of stars.—Tables of refraction.— ;

. Irradiation.—Effect of telescopes on the visibility of stars
"V'Q‘kfdurmg dayhght — Considerations respecting the  diffused
_ light of the- atmosphere.—Velocity of hght proceeding from "
ey the stars towards which the earth is moving, and from the o
stars from which she is recedmg —Velocity of transmlssmnt e
of rays of different colours.—Means furnished by the phasee, S
~ of Algol for measullng the velomty of transmlssmn of the L

. frays of light.

The ¢ Popu]ar Astronomy, whlch contams the exp051--

tion of the different courses of public lectures delivered by M. . i

Arago, from 1812 to 1845, in the magnificent theatre of- the R
Observatory, “and which were “attended by all classes of -
' society with the most lively interest, will be the prmcxpal or-.

nament of this second part’of his'works. ~In readmg the' :
 treatise entitled ¢ Popular Astronomy,” many pleasing-and, - o

“at the same time melancholy recollections will be awakened .

in the minds of those who had the good fortune of bemg
~ present at the lectures given by M. Arago, and of admlrmg
‘the manner of their delivery — so 51mple, S0 persuaswe, S0 .
' nfragmg, and awakening so much regard for the speaker

: 7

%
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'III . Optical Part.

. Difference in the nature of the light émanating from
‘incandescent bodies, “solid or gaseous, — Means of "distin-
guishing by the f)olariscope polarised from ordinary light.—
Constant relation between the proportion of polarised light .-

‘éexisting in the transmitted or refracted pencil and that

- which exists in the reflected pencil. — M. Arago also found,

- in conjunction with M. Fresnel, that polarised ‘rays do not

_ exercise any mutual influence. when their planes of polar- ' _
isation are perpendicular to each other, and that consequently .. -

* they cannot in such case produce any fringes, although all the

~‘».co>ndkitions required for the appearance of that phenomenon,
in~"§ther cases, shall have been- scrupulously fulfilled. —
Treatise on photometry, founded on the  theory of undu-

- lations,'(an investigation at once experimental and theoretical, .

gredt part of which was contained in seven memoirs pre-

sen"ted’ to the Academy of Sciences in 1850). — Refraction

-of luminous rays in different gases and under different

~angles. — Memoir on. the possibility of determining  the
refracting powers of bodies from their chemical composition. -

*‘%Investigati011s on the affinity of bodies for light, made

‘conjoin_tly\' with M. Biot.-,—-Chromaticvpiola‘risatioh 5 its varied

-~ applicability ‘in. celestial and’ terrestrial physics.— Circular

. (votatory): polarisation, or phenomena of colorisation, dis--

- covered as early as 1811 by M. Arago, in plates of quartz,
cut perpendicularly to the axis of the crystal ; *(the white

~ray which traverses presents the most vivid colours when

looked at through a doubly refracting prism).— Reflected
and transmitted coloured rings.— Application of double re-

- fraction to photometry.— Formation of photometric tables,
“showing the quantities of light reflected and transmitted by a
p]até‘of glass, for inclinations comprised betwéén 4° and 26°,

“and continued up to perpendicular incidence by a particular

- process.— Estimation of the loss of light which takes place

‘
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by reﬂectlon at the surface of metals, and demonstratlon of Qo
the important fact that there is no loss of light in total or -

‘ “\entlre reflection. — The law of Malus, called the law qf ﬂze» i
cosine, on the division. of po].arlsed light, which Was\at ﬁrst P

- only an _empirical mode of. i‘epresenting z;q)pe'é,rances',”~ was -

demonstrated “experimentally by M. Arago, for the.case in- i
Whlch the polarised- pencil traverses either a doubly refract: "

ing prism or a tourmaline cut p'trallel to its axis. (The

polarimeter of M. Aracro, employed in these kinds of ex-

periment, was so delicate that it indicated unequlvocal]y the

presence of an eightieth part of polarlsed light in a pencil of -

-

rays. In all these experiments relating to photometry, the

* experiments and calculations were made by MM. Laugier and - o
“Petit under the direction of' M. Aracro )—Demonstratlon of -
" the: poss1b1hty of constructmg an mterferentlal barometer,;i’f

thermometer, and refractor.— Views respectmg the measure-

ment of mountains by the polariscope, and of the helght of S

' clouds by the aid of a graduated polarlmeter. :

IV EZectro magnetwal Pcwt

-

Discovery of the property of attracting iron ﬁhngs pos-’ ,

- sessed by the reophore, or current-bearing wire JOllllnﬂ‘ the -~
poles of the pile. — Magnetisation - of a needle by means ofv

- the passage of the electric_current in-a. hehx, consecutwe: R
- pomts resulting therefrom. —Rotation- -magnetism, by. s whlch e
. it:was made certain that all bodies are susceptlble of
“acqulrmg magnetlsm, a fact already. divined by William

Gilbert, and rendered. probable by the ingenious experlments

of- Coulomb —Observatlons of ‘the horary variation ‘of  the o

‘magnetlc dechmtlon at Paris from 1818 ; secular- ch‘mge :
of the same: phenomenon — Discussion respecting. the move-

ment from east to. west, of the nodes or points. of mter-
section of the magnetlc with the geographic equator. —

Perturbations, occasioned by the influence of polar : auroras, .

in the march of the horary variations of thedmagriletircudec]i;- e
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~ nation at places. where the polar aurora is not visible.— '
SimnlteneitY'of perturbations ‘of the . declination (magnetic
storms) proved bv ‘corresponding observations ‘at Paris and -
- Kasan, at Paris and Berlin, at P.ms, ‘Berlin, and the mines
- of Freiberg in Saxony. —_Observation of the deflection by
f;the approach of a magnet, of the jet of- llght which unites
‘the two charcoal points of the conductor in a closed electric
V'jcurrent analogles which this experiment preeents to the
_phenomena. of the aurcra . borealis. — Discovery in 1827 -
- of the horary variation of the magnetic inclination and force.

V Part 7'elatmg to Jlfeteorology and the - General
= S Pmnczples of Atmospkemc Pkyszcs
Determlnatlon of the spemﬁc Welght of atmospherlc an,

: ade conjointly with M. Biot.— Experiments made with
= M. Dulong, for the purpose of establishing that Mariotte’s
law undergoes no essential variation up to. the pressure of
‘ twenty-seven atmospheres, and” much - beyond — Dangerous
- experiments made with the same physicist (M. Duloncr),

'yon the elastic force of steam at very high temperatures..
. -—Table of the elastic force of steam, and . corresponding
'temperatures.—Formatlon ‘of halos, and- ‘polarised hght
which halos reflect. —-Cyanometer -—Optlcal researches on -

‘ ,the _causes.. ‘of the colour of the water of the sea and of
- uvers.— Cold produced by evaporation. — Researches on
" the - “quantity of rain falling at different helghts and at
, dxff'erent places. — Explanation of the i injurious effects which
. have been attributed to the moon under the name of “the
¢« lune rousse.” — A very extensive memoir on - thunder,

and’ different kinds of lightning, enlarged by numerous

- additions dictated by - M. Arago, ddring his last - illness,
fto a learned and devoted secretary, M. ‘Goujon, a young

e astronomer attached to the Paris Observetory, who in the .

same manner Wrote the ¢ Astronomle Populaire ” to the die-
: b ‘
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tation “of - ‘his " illustrious - master. — ‘Experiments ~on the
velocity of sound, made in 1822 between Montlhéry - and
‘Villejuif, - conjointly - with - Messrs. Gay-Lussac, - Bouvard,

Prony, Mathieu," and Humboldt, ass1sted by the artlllery of
the Garde Royale. .

VI Purt 7'elatm_q to Plzyswal Geoymphy

W Level of seas.—Thermometrlc state of the globe —
Temperature of the surface of the sea in different latltudes,'
~and of the sea water in successive strata’down to the greatest'
f_depths. — Currents of warm and cold water, — The waters
of - the “ocean compared to .the qtmosphere ‘above - them in
‘Tespect to temperature. — Colour of the sky and of clouds
at different helghts above the horizon. — Neutral point of
‘polarlsatlon in the atmosphere. — Use of a plate of tour-
‘maline cut parallel to the faces of the prism,. for seemg -
vshoals and the bottom of the sea. -—-Temperature of - the
air at the North Pole.— Mean temperature of the mterlor '
of the earth, at depths accessible to man ; (observatxons nnde
: ‘on_the temperature of wells, bored to different depths, have N
‘“‘*\»««-""f'onducted to the law of the increment of heat in descendmg

helmhc~surface of the earth)

Such is the outlme, _very incomplete, 110tw1thstand1ng the -
vast treasures. “which it contains, — of the labours of M.
‘r'Arago They. have raised him to -the rank of one among\‘

- the most eminent men of the nineteenth century His name PR
) w111 be honoured wherever respect for services rendered to. -

science, -a just - sentiment of - the dignity of man’ and. the i

mdependence of thought, and the love. of pubhc hberty‘ ‘
.- are preserved But it is not alone the authorlty of a mighty -
o \mte]lect whlch has glven to M. Arago the popularlty whlch
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he énjoyed:' the conscientious  zeal which failed not.when

" death approached, the. desperate efforts to_fulfil up to. the
““last moment the most mmute duties, have contributed to the
’honour in which his' name is held.. Nor ‘should the charm
of his- diction, the amenity of his habits and manners, and

the kmdlmess of his- character. be forgotten. Capable of - :

- the most tender devotion, the vivacity of his ardent mind
and disposition always tempered by its natural sweetness and
kindness, M. Arago enjoyed, in the midst of an intelligent
and affectionate famlly, the peaceful happiness of domestic

life. In the surviving circle of those most dear to him
“M. Arago found all that a touching assiduity, the exercise of

mtelhgent foresight, and the most tender and inventive zeal

-~ could offer to soothe and alleviate during the slow exhaustion E

of his strength. He died surrounded by his sons,—a sister,

Madame Mathieu, Worthy of the tender affection of such a
‘brother, — and a niece, Madame Laugier, who gave to him:
,the most unremlttmg and devoted care, and who, at the last,

_moment, showed no less fortitude in grief than she had done
Inobleness in her entire and touching self-devotion.

- At a distance from M. Arago’s bed of suffering, I cou]d
* “‘only testlfy from afar my deep affliction. Even the certainty

‘of the near approach of this loss' could ot lessen - its
_bitterness, As a last homage to the- memory of him who

‘has been so recently taken from amongst us, I subjoin here
~ a few lines which have been already pub]lshed elsewhere :—
-« That which characterised this man of unique mould was
- not alone the powerful genius which originates new ideas,
,andrren,ders fruitful those already attained, or that rare luci-

* dity which can describe recently discerned and complicated

- ‘departments of discovery 4s clearly as if they had been the
'r/long acquired possessions of human intelligence ; it was also

~the engaging combination of the force and elevation of an im-

. - 'passioned character with the affectionate sweetness of a more
- gentle one.” T am proud of thinking that, by my tender devo- -

L ) .
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tion, and: by the constant. admiration” to whlch 1 have given
expressxon in all my works, I have belonged to him’ for

forty-four years, and that my name Wlll sometlmes be pro-
nounced by the sule of hls great name. ‘ ‘

' ALEXANDER VON HUMBOLDT. .

4 Potsdarﬁ, November, 1853.




METEOROLOGICAT, BSSAVS,
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'THUNDER AND LIGHTNING.

1 Have often been 'consulted on' the subject of lightning con=
ductors, by architects charged with the care of public buildings ;

by officers of the corps: to which rlghtfully appertains:the con—“ i

“ struction of powder magazines; by the commanders of ships both
of war and of commerce; and by a great number of citizens
- of all classes of society. I may therefore be permitted to affirm
- that, generally speaking, physicists by profession are the only
persons who have a truc and exact idea of the preserving pro-
" perties of this kind of apparatus. - If lightning conductors are
+ asked for and erected, it is simply out of deference to the-
 decisions of academies: Every one desires, by this means, to
~shelter his own responsibility under the Zgis of Science; but
as to an entire conviction of the efficaciousness of the ‘method,
* this, Ithink, will be rarely. found." - Some~do not go beyond
“doubts, and" wait before pronouncing an’ opinion until real
demonstrations shall be offered to them, instead of mere ana~
logies. - Others, comparing the apparent insignificance of the
preservative with the vastness of the possible damage which it
- is designed to avert, declare that it is repugnant to their. reason
Tt admlt that a slight metallic rod can suffice to shelter a great .
g edifice, or a majestic ship, from the dreaded thunder-stroke.  In
~“their view, these rods, which shoot up into the air with such

. high-sounding names and lofty. pretensions, are really quite in-

efficacious either for good or for evil. Others give themselves-
up to an opposite set of ideas, and attribute to' these metallic .
7 rods a powerful but injurious action.” They say that it is deli~-
- berately calling down the thunderbolt on the buildings on which -
such rods are elevated, creating a peril which would not others
o : B :

-
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- wise have existed, and endanoermv at the same tlme, ad_]acent
" - houses, by inviting the descent of the storm-cloud which might
* else have passed on, and discharged its contents harmlessly ata.
distance. : .
Frederick the Great of Prussia tacitly ranged hlmself among -
those hostile to Franklin’s invention when, Whllst -yielding to
public opinion and to that of the Berlin Academy by permitting
- lightning conductors to be erected on his barracks, arsenals,
and powder magazines, he expressly forbid their belnn' placed
~ on the palace of Sans Souci.
The doubts and difficulties alluded to have struck deep root
- in many minds. In reflecting on the best means of eradicating
them and augmenting the number of énlightened partisans of
the use of conductors, it occurred to me that it would be 'ldVlS-
able to separate observation altogether from the01y, and that
_ the safest and most reasonable proceedmrr would be to amlyse
the well- authenticated effects of lightning, and to try to deduce -

from them" general inferences, without borrowing anything e

analogically from the electric experiments of physmal philo-

sophels I thought it, in short, advisable to become, in, the o

ﬁrst instance, the exact historian of even minute details- rel'mnrr
to the metepr itself, being ready afterwmds, if it appeured de-

_“sirable, to seek amongst phenomena which on a far smaller scale

either surround us in ordinary life, or which we have learnt to -
‘produce in-our laboratories, for points of contact or comparison .-
which might prove more or less fruitful in inferences.  This |
was the plan of operation which I had formed for myself When

T first announced. the pubhca‘mon, of a notice- or:memoir on - -

the phenomena of thunder. - I imagined that all the requi-
site_elements. would -have been found in modern treatises on
7 physms, and that I was’ only engaging in a short. work, and
incurring merely. the obhgatlon, first, of ‘collecting- fa.cts, con-
‘stant in their occurrence, definite in their features, and havmg

“well-marked distinctive characters;-and next, of co- ordinating ~

" them according to a particular’ arrangement and method suited -
to the object Whlch I had in view. So far from this proving to. . -

be the case, I have been obliged to have recourse to the original =~ ‘

~ authorities for my facts, and to look over many hundred Volumes -
* of .our Academy of Sciences; of the Journal de Physique, of -
" the Philosophical Transactions of London, those of Berlin, .
- &e. &c, ;. and to do the same by.a multitude of other works,
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memmrs, narratwes of voyages and travels ancient and modern; -
&c.; written for the most part without method, clearness, or

,‘deﬁmte object; in short, to read everythmnr that might offer the
- hope, often dlsmppomted of discovering among a thousand use- -

“less det‘uls one fact or- remark Whlch mlght be avmhble for

o sclence

Some persons, I am aware, have been of oplmon thafc I was
comm;ttmrr a grievous error in selecting such a ‘subject ‘for one
of my “N otices;” because they considered that it had been
utterly exhausted by Franklin and the numerous physicists who

.. had followed up or emulated his researches; and more particu-
- larly by Justly celebrated Academic Commissioners who had been
- from time to time appomted both in Paris and London to report

) ofﬁclally, for'the information of the:authorities, respécting the
-use of ‘lightning - conductors. Far from having been led to
concur in this opinion, the effect of my: own laborious inquirieé :
~has been to make 1me dissent from it more and more. :So far
from the question having been prekusly exhausted, I consider
that after all the 'pains whlch I have myself taken, the most
‘to which I can pretend, is to have supplied for the future history
of -thunder and lightning a sort of “canvas,” to be gradually
filled up, by the arrangement in their appropriate places of ‘
facts with which meteorology has still to be enriched.. Not- -
. withstanding the many observations, forgotten or overlooked, -

. ~which T have been-able to bring again to light, and to group in

systematic order, it is' by:the vacancies st111 requiring to  be:

filled up, and ‘which 'so-far from dlsgmsmg, I have desired to

- point out, that I "deem my memoir may prove more especmlly'

- serviceable.’ May it be the means of inducing travellers and
- . meteorologists to regard this formidable meteor as arich subject =~ =
- of study! The fulﬁlment of this wish would amply repay- the - -

: tlme a,nd care. Whlch I have bestowed on the subJect

CHAPTER i. .

DEFINITIONS

o IN conformlty with usage I- should w1sh to begin this notxce
thh ﬁmng the signification of the words foudre -and “ ton-
i ; n 2
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- merre” (thunderbolt. or lightning, and thunder). “But 'goodv
definitions are not always attainable either by all persons or on-
all sub_]ects I will, therefore, take legal definitions, or those
which-the French Academy has recor(led in its new dictionary.

« Foudre, Le feu du ciel, la matidre électrique lorsquelle
g'échappe de la nue en produlsant une vive lumiére et une
violente détonation.” - o

' Lightning.  Fire from the sky, electric matter escaping from )
a cloud and producing a vivid light and violent explosion. -

"¢ Tonnerre. Bruit éclatant causé par T'explosion des nuées -
8lectriques.” : SRR R
* Thunder. The loud noise caused by the ‘e‘xplosionA of_ elec-
tric clouds. . : .
- It may be very true that persons dlﬂ"i()lllt to satisfy, or- seru-
pulous in such matters, might- still find something to- blame in
these few linés.’-f'"l‘hevaould be entitled to ask - whether the
learned, technical, and modern word electricity is suitable in
the definition of a phenomenon as old as the world, and which

had been known as the cause of so many fatal accidents before
‘ physmal philosophy had caught the first glimpse of any of the
rudiments of electrical science.* Fault’ might also be found
with what is problematical or theoreticalin both.the deﬁmtlons,
for instance, with the words “ explosion des nuées,” which can
in no way be attached to any of the eight or ten hypotheses
which have been proposed to explain_the rolling of thunder.
But what result could be drawn from such-reflections ? possibly -
that the honourable authors of ‘the ‘dictionary had in.the’ case
before us been less happy than usual. - Well, then, it would
still have to be shown whether anything better could have been"

' doné Suppose we should say that the ¢ foudre,”  thunderbolt,” * -

 or.“thunder and lightning,” is “a meteor or meteorological
* phenomenon, which, When the sky is covered by a- partlculfu
kind of cloud, manifests itself by a sudden dart or flash of light,

followed, after a greater or less interval, by a noise more or less .

prolonged »" Such a definition would escape most of the eriti- -
cisms noticed above, inasmuch as it contains nothing hypothe- -
- tical, nothing borrowed from the modern experiments of phy-
_ sicists; nothing which is not the result of simple and direct

“observation ; but perhaps on reflection other objections might - :

" be found: . We have, however, to remark in’particular that the
word ““tonnerre "— thunder,” the direct signification of ‘which
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i IS, noise, an exploswe or rolling n01se, 1s 80 often taken for the
- equivalent of the word ¢ foudre,” (as in the expressions; “le ton- -
‘nerre est tombé,” “fmppe de tonnerre,” “feu du tonnerre,” &e.;)
‘ _}—that the two. expresblons have come to be employed indiseri-
minately; even in cases Where ‘some confusion, or, at least want-
~of clearness. of style, may be occasioned - thereby Our-best
authors do not commit this fault; as may be shown by the *
often-quoted phrase of one of our greateét prose writers: “ Le
ciel a plus de tonnerres pour épouvanter qu’il n’s de foudres pour
punir.” (Heaven has more thunders to alarm than thunder-
‘bolts to.punish.)

CHAP IL
o EXTERNAL CHARACTERISTICS OF STORM OR THUNDER-
' CLOUDS.

IN ordinary discourse clouds are regarded as a symbol of
varmbmty and vagueness of form. Changm or “change-

. ful as the clouds,” is a-proverbial expression. Yet we are about‘

. to examine, with those who make meteorology an object of
’ study, whether the clouds in the midst of which the thunder-
“bolt is born and nursed, from whence issue dazzling jets of

“light and detonations- louder than those of artillery, are: not
: dlstmgulshed from ordinary clouds. by ‘some peculiar features,

. constantly attaching to them, and easily recogmbed

-~ Among these dlstmctlve features I will mention in the first
instance a kind of ¢ fermentation” to which storm clouds appear
to- be -exclusively subject. ~ An English physicist; Forster;

" compared -this fermentation to the movement observed on the

surface of a “piece of cheese full of mites; which seems agitated

~ . in every point, without ever materially changing its place i

~When in calm weather we see that there begin to rise some-
what rapidly, at some point of the horizon, very dense clouds;
‘resembling heaped-up masses of cotton, terminated by a great
number of well-defined rounded. contours, almost as sharply
~marked as would be the summits: of dome-shaped mountains -

" ¢overed with snow; when these clouds appear as it were to

i,exp‘md or swell out, diminishing in number as they mcrcase m
. B3 , : -
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" size; when; notwithstanding all these changes vof - form, - they,
" remain constantly attached to their first base ; and finally, when
these contours, which at first were so numerous and so distinct,’

have gradually melted into each other so completely, that. the ..

whole presents the- aspect of only one single cloud, then, ac-
" cording to ‘Beccaria, we may announce with certfunty the
approach of a thunderstorm. , o
To these: prehmxmry phenomena there succeeds, stlll on the
horizon, the apparition of a very dark cloud which seems to
touch'the earth and connect it with the clouds which have _]ust
been described. The dark tint spreads gradually to the higher
clouds; and it is worthy of remark that it is at this stage that =

their general surface, or at least that which is seen from the ' :

plain, becomes more and more uniform. From the highest.’
parts of this single and compact mass, there spring long branch- -
like clouds,. whlch without- detaching themselves from it, gra~
dually Overspread the sky.. - . :
At the moment when. these branches bemn to be formed
there are usually seen numerous scattered hovering, small.
white clouds, very distinct and with very well defined edges, to
which * the - celebrated physicist of Turin gives-the name of
ascitizi, -or -additional, or subordinate, clouds. ..Their move- .

~ _ments are sudden, uncertain, and irregular. They .appear. to

be under the attracting influence of. the great mass of cloud :
and gradually, one after another, float towards it and join them-
selves to it. i These. ¢ ascitizi”. had already been remarked by -
Virgil, who compared them_to tufts of awool. < They: are'the
white patches which are seen to interrupt here and'there the -
uniform dark surface of a great storm cloud. : '
- When the great dark cloud has increased so as to pass the
zenith, and overspread the greater part of the sky, the observer
“sees. beneath it many small ascitizi, without being able to: dis-
“cern where they come from or how they hayve formed.. These
ascitizi appear torn or rent, or as. it were. racmed frwments of
cloud. - They.throw out- here and. there’ lontr arms. .- Their
march is rapid, irregular and uncertain, except tha,t it is always“ —
horizontal. “When. in: their opposite movements . two of ‘these
~clouds happen to approach. each .other, they appear to extend
towards each other their-irregular- arms ;- after having almost -
- touched, . an evident 1epu1s1on t'mkes the place of the previous
» apparent attraction, and the same drms which had been out-
stretched to meet, now turn away from each other.
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. The above remarks are the substance of what has been said
: l on the subject by an author (Beccaria), who lived .in-a country
(the ‘plain around l‘urm) almost entirely: surrounded :by: high
- mountains. In order to judge how far they apply. genemlly
and how far only locally, we ought to- be able to compare with
them the- descrlptlon of the: commencement; progress,: and full
development of a.storm in a country without mountams. ;
.:No’one will doubt that there:is something Jocal in'some of
the circumstances attendant on the formation and development :
“of storm clouds, in reading the following description, given by
M. Antoine d’Abbadle, of thunder-clouds of frequent occurrence
. 1n Abyssinia. : : .
‘ ¢ Storm-clouds in ]]thlopm have,” he says, alwaye a plain
"' or uniform surface on their inner side, and a checkered surface
on their outer side, and are, generally speaking, far from. being
" very dense; sometimes, clouds in*;which strong  manifestations -
- of electricity take place ‘are so thin that stars’ can be" seen
“through them.” M. d’Abbadie remarks further that these
clouds have a tendency to cluster round lofty peaks, by whlch
they appear to be attracted.
~Let us add to these different remarks that storm—clouds are
,often diverted from the direction in which the wind would carry
‘them to follow the course of rivers. Mr. Sturgeon mentions
* having' often- observed this to take plaee at the Junctlon of the
Thames and Medway. : = S
In all ‘that Beccaria has said of - the gradual dlsappearzmce
of the many and great undulations in} storm-clouds as ‘they rise -
from. the horizon to the zenith, he spoke only of their under
‘surface; ‘as ‘alone visible from his observatory at Turin. 1
~should be unable to speak of their upper surface, if 1 had not
~ thought of consulting on the subject officers of the Etat
Mzgor, formerly puplle of the Tcole Polytechnique, who hav-

‘ing been recently engaged in covering the Pyrenees with their . o

rxdmn"a.ble net-work of tnangulatlon, were likely to have had
~ frequent opportunities of seeing thunderstorms beneath them. t

* St Lambert, in his poem « Les Saisons,” bemns the descrxptlon of a
Ahunderstorm by two lines, in whlch he speaks of clouds rising from two
- opposite points of the horizon :— ~ ;
s % On voit l’homzon de deuv. pomts opposes
Des nuages monter dans les airs embrasés.”

L ('
: ,Is he describing a local phenomenon ?

1‘ T have to “address my especial thanks to two officers of lnfrh ‘merit,
B 4



 thunderstorm which has not, I think, been mentloned by any =
previous meteorologist. He had remarked that during great.
‘heats, there take place suddenly at several points of the lowest -
stratum of clouds upward rushings, extending vertically like -

5
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. From ‘them I learned, that even when a. stratum of clouds

appears perfectly smooth and uniform on its under surface, its
upper surface. cons1s‘rs Who]ly of hlgh protuberances and deep
cavities. © - SER .

Captain Hossard pomted out to.me one sign precurswe of a

rockets, which may brmg distant p"tI‘tS of the atmosphere into
direct communication.* : -
Franklin went further than Beccaria in one respect he con-
sidered that a single large cloud cannot become a thundercloud ;
that when this appears to be the case, an observer placed in

- the ‘horizontal prolongation of the lurge cloud : from whence

lightning and thunder issue, would always sée beneath it ‘a series

“of very small clouds one above another ; the lower ones some--

times approaching very near the carth.
Thus, according to Franklin, two conditions are requ151te for

a cloud to ploduce thunder and lightning : it must itself be
large, and there must be moreover small clouds interposed be- -
tween its under-surface and the earth. - But is it quite.certain’

that lightnings never dart from a single small cloud ? - I pl/O-

‘pound. the -question simply as one . of fact, not at all as a
‘question of theoretical possibility. Well then, to'the question = -
:of fact; most meteorologists have replied with the American
phllosopher, in the negative. = I’ may 01te, for.i 1nstance, the great

Captams Peytier and Hossard, from whom I have received notes equally

- remarkable for exactness of observation and for the knowledge in physical

‘science implied in them. ] ‘
* Captain Peytier has noticed that in certain localities the thunderstorms

~which buist on the mountains seem to have for their germ, if I may use the
expression, fragments of clouds formed over, the low. country, or detached
from a wide- spread canopy of clouds which had prev1ously overhung the

surrounding plains. - He remarks; that an observer placed on one of the
peaks overlookmfr Roussillon - or Gascony—on the Canigou or the Pic du’

Midi de Bmorre, for instance,—would see in the forenoon, some : hours

after sunrise, clouds form over the plains, often rising rapidly and clustering
sometimes round one and sometimes round another of the mountain’‘sum=

- mits, where they usually give birth to a thunderstorm. On:mornings

when the plain was already overspread, fragments of the pre-existing clouds
would become detached here and there, some earlier and.others later, and -
when a considerable number of such fragments had gathered round one of
the summlts of the chain of mountains, the storm would burst