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TO THE READER.

£ SINCE the date of this pubhcatmn, I have shghtly changed SN

my opinion from the theory as at first advanced, Whlch was,

* . that partlcles of water were expanded By keat,.and takmg up

E electrlclty in accordance with .their expanded- surface, were 2 :
‘buoyed up -into the air by their electric coatings; and that”

" ~when - condensed, and their capacity for electricity thus

- *‘reduced, they were still buoyed up by it so-long as the non- 2

conducting’ condition of the atmosphere prevented the escape ,

of the surcharge thus acquired.

. -I'now hold, and I believe on good glounds, that pamclas o
- of water do not expand with heat, but become coated with ) A
eleotnclty in accordance with their temperature, and are - .
‘ rendered more or less buoya.nt in accordance with fthve‘
electricity so acquired ; and thus, that particles of vapoﬁl;‘

and steam are simply particles of water enveloped by their

- coatings of electricity, and that the expansive power of steam
is from the intense force alone with which electricity is"

_attracted to the partlcles of super-heated water.

G‘r. A. ROWELL.
1872, S
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"ON THE CAUSE OF RAIN

ITS ALLIED PHENOMENA.

Introductory Remarks.
1. Or all the ordinary phenomena of Nature, there are
none which attract attention in so great a degree as those
connected with rain, and the causes producing it. The
most careless observer of natural objects must sometimes
have his attention arrested by the glorious appearance of
the clouds, when reflecting the rays of the setting sun, or
'by the more softened effects’ of an early dawn. The
beautiful arrangement of cirrus or cirro-cumulus clouds
in a “mackarel sky,” or the magnificence of cumulus
- clouds, when piled - like snow-capped mountains to an
enormous height, cannot fail to excite the admiration' of
every observer ; while the sublime and sometimes terrific
phenomena of the thunderstorm will arouse feelings of
awe in the most indifferent, and bring down the proudest
among mortals to a feeling of his insignificance in the
great system of Nature. . And when we consider how im-
portant all meteorological changes are to man, as regards
his health, sustenance and comfort, it is not surprising
that all should feel interested in them. The first question
with most persons daily is respecting the weather; and
whenever any excess occurs, either of heat, cold, rain,
hail or storm, the memory is racked to find some remi-
niscence of a similar state of things: every change of
the weather is more or less noticed by all, and I believe
that most persons have a vague idea of some means by
RowkLr. B



2 " Introductory Remarks.

which such changes may be accounted for, or a lurking
desire to obtain some such knowledge.

2. To those who make a study of meteorology, it is a
never-failing source of mental enjoyment; as it is not only
the most magnificent of its phenomena which is attractive .
—every phenomenon is so: the evaporation of a drop of
water, the formation of a cloud, or the fall of a rain-drop,
may be subjects of interest and for reflection; a deposit
of hoar frost or rime affords some of the most beautiful
objects for examination, and the microscope opens another
source of delight in the brilliant crystals of snow. .

3. The desire to acquire knowledge on these subjects
is shown by the many persons who impose on themselves
the task of registering the state of the barometer, ther-
mometer, &c., and of noting down all unusual meteorologi-
cal phenomena. These registers have led to important

,results, as regards the knowledge of barometrical fluctua-

tions, and in affording data for ascertaining the mean
temperature of places, the construction of isothermal llnes,
and a knowledge of the general distribution of heat over
the earth. Observations on the hygrometer, the force of
vapour, &c., have given like data as to the diffusion of
vapour in the atmosphere, and other points of importance

_connected with meteorological investigations: but on the

cause of spontaneous evaporation, the formation and sus-

pension of clouds, and the general phenomena connected
with the fall of rain, I believe that at present there is no
established theory. Many theories have been advanced
from time to time, yet scarcely any two works of a scien-
tific character give the same, unless with some important
variations.

4. T have no idea that the theory T propose will be fully
adopted ; still 1 ‘hope it may prove a step in the right
direction : at all events, I believe the ground is not pre-
occupied by any other which can or will be generally re-
ceived ; and therefore, as I 'have (although under unfavour-
able circumstances) devoted many years to the study of

. meteorological phenomena, I trust it may be found worthy

of consideration.. I may be thought rash in venturing



Introductory Remarks. 3

opinions on subjects which have engaged the attention of
s0 many eminent men, or be charged with presumption in
doing so; but I hope to be excused on this head, and in
some degree ‘secure the attention and sympathy of -my
readers, by simply stating the circumstances under which
I have been led to bestow so much time-and attention on
these QubJects, and to adopt the views I now .seek -to
advance.

5. T cannot . say at’ whqt time T ﬁrst began to. thmk
about the ‘causes of meteorological phenomena ; but from
my - childhood one of - my -greatest delights was :tc -watch
the lightning ‘and listen ‘to the distant thunder. This
{desire grew upon me, and on summer evenmgs I generally
contrived to get into some open place in hopes of seeing
lightning ;-and there 1 have often watched -a storm till it
- has approached so near and become so heavy that T have
been too terrified to stay, and almost afraid to run home.
While still a schoolboy, a neighbour, knowing my pro-
pensity, lent ‘me a book which made the thunderstorm
still ‘more interesting. This book (Lovett’s Philosophical
Essays) was written to prove the-fallacy of some. of New-
ton’s views on'gravitation; it contained much that I could
not understand, but it gave a very clear and detailed de- '
scription of many electric experiments, and especially.those
on the electricity of the- atmosphere; by Franklin, Nollet;
Romas, &c.; and an account of the death of Professor
Richimann. by a stroke of clectricity from an atmospheric
electric apparatus. -For a time my attention was almost
entirely devoted to this book, and those parts on electricity
I learned almost by rote.

6. Bringing the .knowledge I-had thus acqulred to be’tr
on.the phenomena of :the storm, I was first puzzled to
- account for the electric state of the cloud: from: the ex-
. periments given it appeared. that when -a pith ball or any

similar object was- brought into contact-with a.charged

conductor, it acquired a like electric condition, and no

further exchange of electricity could take place between

them, till some-change had occurred in the electric state

of one or the other of those bodies; while the particles of
B 2



4 . Introductory Remarks.

the cloud which had arisen from the earth’ had; somehow
or other, become so electrified as to give off electricity to
the earth from which they had risen. ‘ :

7. T endeavoured to find an explanation of this point,
by reading all I could meet with bearing on the subject;
but so far from obtaining a satisfactory solution of the
question, I was still further puzzled to account for the
ascent of vapour, and the suspension of clouds in the air; .
water being so much heavier than the medium in which it
was suspended. From that time, to theorise on the cause
of rain and its allied phenomena, became with me a ruling
passion ; it has been the leading subject of my thoughts
by day, of my dreams by night, and during several
periods of ill health, when incapable of physical exertion,
it has afforded me a never-failing source of mental re-
creation. In fact, so much has my mind, at times, been
engrossed by these subjects, that I have often determined,
during the harass of business, to think no more about
them ; but the first flash of lightning, or peculiarity in the
weather, has brought them back to my mind as vividly as
ever, and my thoughts have been occupied as before. '

-8. The theory I now hold occurred to me while still
young ; and from that time, every meteorological pheno-
menon I have seen or read of, I have endeavoured to ac-
count for on that theory, and all have seemed to me fairly
explicable by it.

9. One of the first ideas which occurred to me in refer- - '

ence to the theory was, that it would be possible to cause
rain; but I felt assured that by giving publicity to such
an opinion, I should only subject myself to ridicule; and
although fully convinced on the point, the fear of being
laughed at kept me tongue-tied on the subject, not only
when a boy, but for years afterwards.

10. 1T was upwards of thirty years of age when I at-
tended a lecture on Light by the Rev. Baden Powell; at
the conclusion of which, after speaking on the benefits
arising from mental recreation and scientific pursuits to
persons of all ranks of society, the Lecturer stated his
opmlon that the observations and rescarches of many per-
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sons, which might have led to useful results, were often’
lost to the world, from diffidence in the individual or the
want of encouragement or advice ; and expressed his will-
ingness to forward the views of-any person, howevey hum-
‘ble, who was interested in scientific pursuits, or had any
useful object-in view of a:scientific character. I felt at
~the time as if personally spoken to, that every word was
. addressed to me alone, and at once determined to call on
the Rev. Professor and explain the theory and opinions I
had formed ; yet, still afraid that my proposition for caus-
ing rain would be looked on as ridiculous, or something
worse, it was some months before I could summon up
courage enough to call; but on doing so I was kindly
received, my statement was listened to with patience, and
I was then advised to commit my ideas to writing, and
submit them in that form for further consideration. '

11. Up to that time I had never written a note on the sub-
ject ; and being unused to composition on that or any other
subject, it was some months before I commenced my task: -
however, one evening I did commence, and after writing
a few paragraplis I felt so assured that my views were
reasonable; and became so interested in my subject, that
I did riot cease writing till T had completed my statement.
I left it the next morning for Mr. Powell's perusal, who
returned it to me, and, to my great surprise, with a note,
advising me to send it to the London and Edinburgh Phi-
losophical Magazine for insertion. I had never contem-
plated giving publicity to my opinions, and it was with
some hesitation I adopted that course. It did not appear
in the Journal, but, still favoured by that gentleman, it
was read at a meeting of the Ashmolean Society, and at
a meeting of the British Association at Glasgow in 1840
after which (1841) I published it in a pamphlet, together
with another paper on the Aurora and Magnetisma,

12. I was now enabled to pursue the study of the phe-

TR - : )

a* Conjectures on the Cause of Rain, Storms, the Aurord and
Magnetism’: with a Suggestion for causing rain at will.—Cambridge, ,
1841. '



6 Introductory-Remarks,

nomena of rain; and more especially of the aurora and
magnetism, under very favourable circumstances in com-
parison with my previous position ; -the use :of the library
of the Ashmolean Society being afforded me, and many
Members of the Society offering the use of such of their
own books as I wished to consult. I have not béen able
to avail myself of these advantages so fully as I could
have wished, or devote so much time of late to these sub-
jects as I would gladly have done; but by the aid thus
afforded I have acquired a knowledge of many facts bearing
on the subject of this Essay, which"I hope will.enable me
to set my opinions forth in a much- clearer manner than
heretofore. : But with all these advantages .1 have seen.
nothing to cause me to deviate in the least degree from
the theory I adopted many years since, and which was
given in my first pamphlet on these subjects ; .on the
contrary, every new fact which has come to.my knowledge
has tended to increase my conviction of the correctness of
. my early opinions. ‘ :

13. It is now nineteen years since my first paper-was
read, and since thedt time several others have .been sub-
mitted to.the Ashmolean Society, in the reception of which
I'had good cause for satisfaction. . At.the meeting .of the
British Association in Oxford, in 1847, T read two lengthy
papers .fully explaining my views: on.that occasion the-
section was ‘well attended; I was listened to with atten-
tion, and afterwards congratulated on their reception, by
several gentlemen who till that time were strangers to me.
I may further add, that every. paper I sent to the Edin-
burgh New Philosophical Journal was: published in that
periodical, some of them being copied into others. Several
of my papers I have-also had printed for private distribu-
tion, and copies have been forwarded ‘to very many per-
sons who seemed to take a leading part in meteorological
investigations. -

14. Thus the theory I propose, and the opinions I seek
to advance, have been before the public in various forms
for many years; but I am not aware that they have ever
been controverted, except on one point of minor import-
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ance,  and even -on that I was' enabled, within: a  few
months, to prove that my: opinion was correct. I am well
aware that all this does:not amount to an admission of
the théory, but believe this statement will show that I am
not rashly endeavouring to:obtain for my opinions a fuller
consideration: than has-hitherto-been: bestowed on- them,
and- that-I-am: not very blamable, if T-have ‘been:led to
think them worthy of more notice than they really deserve.

15. As I am.well .aware -that I'am deficient in many
qualifications - for writing on-a question embracing' so - wide
a-field as'that of the Cause-of Rain, it -may be necessary,
for the:information of. those of ‘my readers:to-whom I am
unknown, to state the circumstances-under which-my in-
vestigations of - these subjects were: carried on: Torty
years-since the education of -youth-was in general very
inferior to that of the present.day; mine was. only that of

“(at that time) a common: school, the teaching in which

extended no further than:to ordinary arithmetic, writing,
and reading; and from this I was taken, when under ten
years of age, to attend.on .an aged grandfather. From
that time I had no chance of improvement, except from
self-education, and even for that.my resources. were very
limited. . I. may therefore say with truth, that. my books
were of Nature’s printing, .and the storm and.its. phe-
nomena my field for study. Of the higher. branches of
arithmetic. I know. nothing, or of any language but my
own;. [ have therefore none of- the advantages which a
knowledge of mathematics confers, and all foreign. books
are in a measure sealed to me.

16. -I-make- this.statement in deprecation. of extreme
criticism, as the arguments.in my Lssay may. be impro-
perly put, the style may be defective, many important
facts may be unnoticed which a writer on the subject
ought to take.into consideration, and I may have miscon-
strued the writings of. others. On these points, therefore,
I claim some:forbearance; but with respect to the ‘theory
I propose T ask no favour;: that must- stand-or-fall ‘on its
merits : my only request: Is, that it may he judged of in all
its bearlngs )



' respects.

8 ; Introductory Remarks.

. 17. It may be necessary for me to offer a few remarks
as to the originality of my opinions, as some time after the
publication of my first pamphlet it was pointed out to me
that in the early part of the present century captain John -
Williams had proposed a similar plan for causing rainb;

and since then I have heen informed that the theory on
the cause of evaporation, &e. is, in many respects, similar
to one advanced by Henry Eeles, esq. in 1753, and pub-
lished in the Transactions of the Royal Societye. It may .

be found that none of what I advance is new, but on this
head I care nothing. It is'certain that if such a theory
was proposed it was not adopted, and ail I have to say on
the subject is, that whatever opinions I put forward as my

own have been borrowed from no one; they are those I
adopted when very young, and at a time when I had no

chance of seeing the works mentioned; and I can assert,

that in writing my various papers I have consulted no 7
book or person except so far as regards facts<,

On the insufficiency of ewisting theories.

187 Although no-theory on the cause of evaporation,
rain, &c. has been generally adopted, several are given in
our Encyclopedias -and works on meteorology, and as
readers often adopt the views given in such works (some-
times w1thout thinking on the subject themselves), it is
necessary for meto show the 1nsufﬁcxencv of those theories,
to obtain a fair consideration of my own. A great objec-
tion to one and all of ther is the want of simplicity. I

b Climate of Great Britain. London, 1806.—This gentleman’s
proposition went further than mine, as it was not only for pro-
ducing- rain when wanted, but also for preventing rain when not

- required.

¢ See Phllosophzcal Transactions, vol. xlvil. p.524, and vo]
xlix. p.124.—The theories, as far as regards evaporation, are
very similar, but after that there is little resemblance.

d To my friend Mr.W. Luff, of the Cornmarket, I am indebted
for several calculations, which have greatly assisted me in- many
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know of no published theory on evaporation in any such
works which, even if it does not fail on some important
point in feference to that subject, will account for the
formation and suspension of clouds, the cause of rain, the
electricity of clouds and other allied phenomena, without
the aid of some other separate and distinct hypothesis as
the phenomena vary ; and nome give that clear and ready
explanation which may be fairly expected if a theory be
correct. But it may be well to go more into detail on
some important objections, which seem to me fatal to
the theories to which I alludee.

19. The theory most generally adopted is, that evapora-
tion is caused ‘by the particles of water absorbing heat,
which becoming latent converts them into vapour,: and
their specific gravxty bemg thus reduced they are rendered
buoyant in air.

20. That heat is thus absorbed durlng evaporatlon is
certain, and so also that, all other circumstances being
alike, evaporation is accelerated by an increase of tempe-
rature: but that heat is the only, or even the principle
cause of evaporation at atmospheric temperatures, is ques-
tionable on many points.

21. On this and "the following theorles it ‘is- assumed
that water, in'the process of evaporation, undergoes some
peculiar change (becoming gaseous), and mention is made
of visible and invisible vapour as differing in some import-
ant points. . Water, when converted into steam at high
temperatures, may undergo some important change; but
that it does so during evaporation at .moderate tempera-
tures is assumed without proof, and it is probable that
vapour, when invisible, is so from its being so diffused.
But I will waive this part of the question for.the present
(161), and proceed to the consideration of other points
more 1mmed1ately bearing on the theory in question.

- ¢ I here beg, once for all, that T may be excused if I seem pre-

sumptuous in advancing my own opinjons, or dogmatical in refer-

ence to others ; my object is to have the theory fairly canvassed ;

and this I hope to attian by throwing it fairly open to criticism.
RoweLL. _ ¢
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- -22. One fact that tells against-the ‘above theory is, that
evaporation-will go on with considerable rapidity from ice,

.even when the temperature of the surrounding air is many

degrees below that of freezing : this is shown by the rapid

disappearance of snow during severe frosts, and has been

proved by experiments. Newly. plastered walls will be-
come dry in sharp frosty weather, and even wet cloths, if
hung- out. under similar conditions, will, as is commonly
said, freeze quite dry. .- 7 ’ o
23. “ Experiments on the evaporation of snow are by no

‘means numerous. Howard mentions a case wherein the

vapour_from a circular area of snow of five inches dia-

‘meter, amounted to 150 grains from sunset to sunrise
in January, and 50 grains. more by the. following evening;

the gauge being exposed-to a sharp breeze on the house- »

top. An acre of snow, under such circumstances; would
have evaporated, in the course of 24 hours, the enormous
quantity of nearly 64,000,000 grains of moisture. - Taking
only the portion evaporated during the night, a thousand
gallons were raised from the surface referred to. We may
hence see why a moderate fall of snow sometimes entirely

(disappears during a northerly gale, without the least sign

of liquefaction from the surface.” . R
- “ Gay Lussac proved  the.evaporation of ice to go:on at
two degrees below the zero of Fahrenheit’s scale.”—From
the Encyclopedia Metropolitana, article Meteorology.

“ Mr. Holdsworth tried several experiments on evapora-
tion from ice at Lake Winipeg, 52 north latitude. He
suspended, under a shed, a piece of ice about two inches
thick and 20%s weight, from November 28 to February 14,
when it -had lost 17 ounces; the thermometer.had not,

.during that time, been less than 90 below the freezing

point of Fahrenheit.” . . . .. = .

4. It is quite unnecessary, as far as regards the gene-.
rality of my readers, for me to offer any proof of the ab-
sorption of latent heat by ice in melting, but it may not
be so to all. I therefore give the following, thinking it
best to err on the right side. : : » :
25 Tt was proved by Dr. Black that 140° of heat are
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lost, or become latent, durmw the meltmg of ice. This
was shown by a variety of “experiments, but a- descrlptxon
of one will suffice. If any quantity of water, say 1ib, at
the  boiling  temperature, 212°, be mixed with an equal
quantity of water at the freezing temperature, 329, the re-
sult will be 2ibs at the'medium’ temperature 1220.- Bat if
a pound of water at 212° be mixed with a pound-of snow
or crushed ice, as near as may be of the temperature of
320, 140 degrees of- heat will be lost, absorbed, or become
latent in the ice in melting, and the result-will be 2ibs of
water at the temperature of 529, instead of 122°, as in the
first case. Thus water is'ice which has absorbed 140> of

“heat, or ice is water which has lost that quantity.:

" 26."Now as ice requires 140 degrees of heat to convert

it into water, it is difficult to conceive how particles of ice;

when surrounded ‘by a freezing atmosphere, can absorb
enough heat, not only to convert them into water, but to

- make them upwards of 800 times lighter than that fluid;

which they must be to render them buoyant in alr, even
in its lower stratum. :

" 27. Again, the great helght at which clouds have been
seen tells against the theory.. Clouds were seen far over
head by Humbolt when at'the greatest height he attained
on Chimborazo; and also by Gay Lussac from*his greatest

elevation during "his celebrated- balloon' ascent. - These

clouds could not have been-less than 5 miles above the
level ‘of the sea; and being wisible vapour, must, on my

-theory, have been condensed into water. - Now' as water

at that height is about 2700 times heavier than the' air

. (116), and the temperature ‘of the air some 20 or 25 de-

grees below zero, it seems obvious ‘that the ascent: of
vapour, and its ‘'suspension at such height, cannot be
accounted for on the hvpothems of' the absorptlon of la-
tent heat.

" 28. It -may be obJected that 5 mlles is an extreme

_ helght for clouds; it is so, but as in a great degree: they

would be invisible from moderate heights, we have ‘no
proof that they do not’often attain that elevation ; aid a
theory, if correct, should meet all cases:: Howevcr, take 3
A c2 '
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miles, which is not an extrabrdinary height, and the objec-
tion is still, I believe, fatal to the theory, as there the- air
is 1716 times lighter than water, and its temperature as
low as 9° of Fahrenheit; while the expansion of  steam
from boiling water is not more thon 1800 times.

R9. In fact, the suspension of clouds is difficult to ac-
count for on any of the theories under consideration ; .for
allowing that water, by the absorption of latent heat or
any other cause, is carried up in the state of inwvisible
vapour, and ‘is in that’ condition buoyant, even at great-

‘heights, it could not remain suspended when condensed

into visible vapour; there must then be some agent- to
support it, which is in a measure independent of heat or
cold, as it is certain that the higher the clouds, and con-
sequently the colder and rarer the medium in which they
are suspended, the less is the chance of their producing
rain. And we often have clouds in very severe frosts
without snow or rain. L
30. Another theory given in a popular treatise on the
subject is, that the molecules of water when at the surface
and released from the influence of those below, after ab-
sorbing the necessary latent heat, acquire a state of polar-
ity, and thus becoming self-repulsive, fly off into space in
the form of vapour, diffusing themselves “in the same
manner that one gaseous body is diffused through an-
other.” ' s coo
8l. The evaporation from ice, and the suspension of
clouds at great heights, tell against this theory in like
manner as against the preceding, to which it is very simi-
lar, while the change of vapour from the invisible to' the
visible state, and its aggregation into clouds, is more diffi- -
cult to account for on this than the foregoing theory ; for
so long as the particles of vapovurf retain their state of
polarity, and remain self-repulsive, they could not form
clouds; and if they change from that condition, they could
not remain suspended in air, . , ,
32. Lvaporation has been explained as a gradual solu-
tion of water in air, as sugar or salt is taken up and held
in solution in water: and rain as similar to the precipita-
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tion of those solids when the solution is too strong or its
temperature is reduced.  This comparison hardly holds
good, as sugar, salt, and such soluble substances differ but
little in weight from water, while the difference in the
specific gravxty of that fluid and the. atmosphere in' its
densest. parts is about 860 times. - The theory, however,
has had powerful advocates, but the fact, that evaporation
goes on with the greatest rapidity in vacuo, seems to be a
direct .contradiction to it; the heavy rains which some-
times occur cannot be accounted for as a precipitation
from' such a solution: and the theory fails in accounting
for the suspension-of clouds at great heights, and other
phenomena connected with the subject.

83. Another theory, which has been supported by many
eminent men, and which still has its advocates, is, that
water in evaporating, takes the form of hollow spherules
filled with very highly rarified -air, and they thus become
buoyant in the atmosphere. In this theory much is-as-
sumed and hypothetical: of the formation of these vesi-

* cles we have no proof; and if it were possible that air

could be so rarified as to be buoyant when thus enveloped

in so heavy a capsule, it must be condensed on rising into

the air, and "the vesicles could not then retam thexr form
and remain suspended. ‘

84.- Again, microscopes - will magnify to full a thousand
diameters ; therefore an atom of water cannot have a dia-
meter of the 200,000dth of an inch, or it would be visible
(72); now as a particle of water must be expanded to up-
wards of 800 times its bulk to float in the lower parts of
the atmosphere, and twice. or thrice as much to float at
the heights where clouds are seen, it is difficult to con-
ceive how vesicles can be found of such extreme tenuity ;
or if so,.how they could retain that form under the pres—
sure of the denser air.

35. 1t is true, that we have the hxgh authorltv of S‘ms-
sure in support of this theory, who states, ““that in one of
his Alpine journeys he saw vesicles float slowly before
him having greater diameters than peas, and whose coat-
ings were inconceivably thin.” I am not aware that any
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other ‘person has ever observed a like phenomenon, and
with all due respect to that great man’s memory, I think
he may ‘have been deceived by appearances When the

“eye is more than usually humid, such an appearance  of

vesicles. may at any time be produced by looking at the
flame of a candle or other bright object with' the eye
nearly closed ; and such an effect may have been produced
by the glare of the sun’s rays reflected from ‘the snow:
the coldness of the air may have added to the effect, and
if at a time when the mind was otherwise occupied, it may
have passed without further consideration, especially if the
phenomenonwas in accordance with a pre:adopted theory ;
for I believe all persons are too ‘apt to be satisfied with
first impressions if they coincide with their viewsf, = -

' 86. A theory which at one time had its supporters is,
that the vapour of the atmosphere is owing to the ascent
of hydrogen and oxygen gases to great heights, where, by
the agency of e]ectrlutv, they are converted 1nto water,

f A curions circumstance once convinced me of the readiness
with which we may be deceived by appearances. 1 was one¢
night returning from the country, when I picked up a glow-
worm; and thinking my warm hand would injure it, I placed it
on my hat, intending to take it off .again‘ before I- entered
Oxford. After a while I took off my hat, and looking care-
lessly around it missed the glow-worm, and supposing it had
fallen off, I thought no more about it. Some time after this, I
was suddenly surprised by the appearance of an extraordinary
meteor, which, as I raised my head to look at it, passed with
great velocity right across the zenith, in a stralght line as far as
I could see it by throwmg my head backwards; but when there,'
the course of the meteor became very eccentric, turmng about in
every direction as I ‘moved my head to look at it; and tlien, but
not till then, I discovered that it was my glow-worm’s tail just
protruded over the edge of my hat above my eyes. But so com-
pletely was I deceived, that had the light been w1thdrawn before
it had left the straight line of its path, I should have believed
that I had seen a most extraordmary meteor, lamer than the
moon, and far brlghter
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and fall as rain. On this theory 1 need only observe, that
its fallacy is shown by:the now known laws of the diffa-
sion.of mixed gases, and the suspension of clouds is alto-
gether inexplicable on it; in fact, I believe it is now so
little thought of, that I should not have ‘alluded to it, but
that not long since T-heard a public lecturer, after exhi-
biting the formation of water by the explosion of the mixed
gases, describe it as an illustration and conﬁrnntlon of
that: theory

- 87. Havmg brleﬁy stated the various theorles on evapo-
ration, and shown some objections which seem to tell
against them, it would be tedious to go over-all the points
connected with the subject in. reference to each theory;
but I believe that if fairly considered with regard to the
most striking of the phenomena and the causes producing
them, if the theories are not contradicted by facts, they
will fail in affording a satisfactory explanation.

38.. To the question of the suspension of clouds 1 have
already alluded, but there is one theory, put forward in a
popular and interesting treatise, on which it may be well
to make a few remarks. To account for. the suspension of
vapour, after its change from an invisible to a visible con-
dition, it says, “ The only, explandtlon yet given which is -
. consistent with the known facts is, that the watery partl-
cles are suspended by their adhesion to ‘particles of air,
just as water is suspended from any solid body. This
force upholds the watery particles when they are bereft
;of the self-bustalnmg power of elasticity or mutual repul-
sion.’

39. That mmute partlcles of water are kept up, or
rather retarded in their downward course, by the pressure
of the air, is not only probable but certain ; but that these
particles, which are from one to upwards of two thousand
times heavier than the medium in which they float, can
>really be held up by adhesion to particles of that medium,
is not only. doubtful but seemmgly impossible.

40. The theorv gene1 ally given on the cause of the pre-
~ cipitation of rain is Dr.Hutton’s, which is, that as the
_amount of vapour or moisture which can be suspended in
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a given quantity of air increases as the temperature of the
air is increased, but in a greater degree, therefore two
bodies of air, when saturated with vapour, but of unequal
temperatures, say 50° and 70°, would hold more vapour
in suspension than could be suspended in the same air if
mixed and at the medium temperature, 60 degrees ;. con-
sequently, there must be a surplus of vapour which would

" be precipitated as rain.  On these grounds it is supposed

that rains are the result of the mixture of such bodies of
air, and consequent preecipitation’ of surplus moisture. -

41. This theory is attractive from its ingenuity, and
may be considered as sufficient to account for moderate
rains, but it totally fails when applied to such rains as are
noticed hereafter; and the theory which fails in explaining
the cause of rain in one case cannot be adopted with pro-
priety in another. - ’ R :

42. Again, the meteorological registrations of the storm
of September 22, 1856 (hereafter described), which com-
menced near Glastonbury, and passed by Oxford (nearly
over the Radcliffe Observatory), tell strongly against the
theory ; for although the heavy clouds almost swept the
ground, and during the five minutes the storm was: pass-
ing the rain was as much as the tenth of an inch, yet the-
thermometer does not appear to have been in any-degree

affected by the storm or heavy dash of rain. .

43. The electricity of the atmosphere has been attri-
buted to various causes, but none seem to have been satis-
factory; and in some meteorological works the question
is in a great degree avoided. Friction of the air against
the earth has been assigned as a cause; and also the
meeting and friction' of different.currents of -air. The
latter opinion having been most generally adopted, but
purely, I believe, on hypothetical grounds; as I am not
aware of any means by which electricity can be developed
by currents of air artificially produced, and the experi-

~ments of Beccaria, both on this point and on the effect of

winds in lessening electric intensity, tell directly against
that opinion. : D
44. In all works on the subject the electricity of the
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atmosphere seems to be" considered’ as a- matter of minor
or secondary importance in the production of meteorologi-
cal phenomena, and almost as if arising from accidental
circumstances, instead of being (as' I hope to show) the
- principal agent in producing them. The fluctuation in the
barometer in calm weather, previous’ to or during rain, is
i fio way explained that I am' aware of: and the forma-
" tion of such large hailstones, or rather pieces of ice, as
sometimes fall- during heavy storms, is not fairly accounted
for. But these questions will be discussed: hereafter

On the Materiality of Electricity.

45. In the foregoing chapter 1 have objected to the

‘different theories on the ground of their want of sim-
plicity, and also their insufficiency in explaining the various
phenomena connected with the subject without the aid of
some other separate and distinet hypotheses; and have
also given as a rule, that a theory, if correct, should meet
all cases. T of course expect that my views will be tested
by the same standard, and. believe the theory I propose
has the merit of simplicity ; and so far from requiring one
" hypothesis for evaporation, another. for rain, and so on, I
hope to show that the phenomena of evaporation, the sus-
pension’ of clouds, the cause of rain, hail, lightning, and
the local winds of temperate regions, may be fairly ex-
- plained by it.
" 46.. The theory is, That the atoms of water being so
minute are, when completely enveloped in their natural
coalings of electricity, rendered so buoyant as to be liable,
even when- in their most condensed state, to be carried off
by slight currents of air; but if expanded by: heat, their
capacity for electrwzty being increased by their increase. of
surface, they are then rendered buoyant at all times, and
are buoyed up into the air by their coatings of electricity ;
when, if condensed, they:become posz‘tively electrified, but are
still buoyed up by the electricity, till,-on the escape oj the
surcharge, the particles Jall as rain.

. 47. This is ‘the theory in-brief; it is dependent on cer-

‘RowEeLL, ’ D
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tain propertles which have been generally attrlbuted to
electricity ; i.e. that it occupies space, has no weight, and |
diffuses itself over the surface of bodies. But as these
properties are now disputed by many, and few persons
fully agree on all points as to. the nature of that-agent, it
is necessary for me to state, at some length, what 1 believe
its properties to be; as otherwise there will be but little
chance of my being understood. S :

48. 1 am fully aware that I am entermg on this part of
my subject under great disadvantage. T have been unable
to investigate the abstruse points on which discussions on
the subject now secm to turn, and the more minute and
difficult experiments connected therewith have been be-
yond my reach; the few I have tried being of the most
simple character. If therefore I run aground with my
arguments, I trust the reader will set my bark afloat
again, rather than swamp it at this point; or in other
words, will endeavour to see the end I'aim at, if I do not
treat the subject so clearly as is desirable.

49. The theory of electricity which is taken as the
foundation of the theory I propose is (I believe the Frank-
linian), that it is a material fluid (or anything else we

.please to call it), which is impelled with intense force to

distribute itself equally over the surface and in the pores
of all.bodies (not gases), and that all electric phenomena, -
be it attraction, repulsion, or induction, are attributable to
this property of electricity.

50. By negatlve or positive I would be understood as
medning minus or plus its natural condition, and not as
distinétive of two kinds of electricity. Yet a body may be
in a positive state of electricity, as regards the natural or
normal electric state of the earth, but negative with re-

“spect to any other body more highly charged than itself.

A body may thus be more and more positive as its charge
of electricity is increased; but by the term surcharged, 1
would in all cases imply a charge i in excess of the general
electric condition of the earth.,

51. One of the leading properties of electricity is, that
no body can have more or less than its natural share of



On the Materiality of Electricity. 19

that fluid, unless the body so circumstanced be kept in-
that condition by some force; and when such is the case,
the electricity is intensely impelled to restore the eth-
brium which is thus disturbed.

52. If the equal distribution of the electric fluid be
undlsturbed no electrical phenomenon is exhibited ; ‘but
if from the effects of friction, expansion.or contraction of

‘surface, or any other cause, a body 4 acquires more, or

loses a portion of its natural charge of electricity, then it

. attracts and is attracted more or less by all other dissimi-

larly electrified bodies surrounding it, from the impulsive
force of the electric fluid, on either side, to regain - its
equilibrium ; the energy of the attraction being in propor-
tion to the difference in the electric condition: of the va-
rious bodies. - ‘ -
. 53. The apparent repulswn of bodies s1m11ar1y electri-
ﬁed either positively or negatively, may be explained as
owing to a like cause. Thus if a body 4 were free to
move, it would place itself in the centre of the forces act-

ing on.it; then if another body B, in the same electric
~state, be brought near to 4, these hodies, being equally elec-

trified, would have no electric attraction for each other, but

- the force acting on 4 would be cut off on the one side by,

the approach of B, and 4 would be drawn away by the
forces “still acting in the opposite direction, and not from
its being repelled by-the electricity of B.

54. Or thus, if a globe be either negatively or positively
electrified, it will attract and be attracted, more or less, in

- evéry direction ; now if the globe be so fragile, as that this
. attraction is sufficient to. separate it into minute frag-

ments; these, having no attraction for each other, would

" be attracted apart by the influence of surrounding objects, -

and not dispersed through any repu1s1ve force -amongst

“themselves:

55. L.am: anxious to be understood on: this pomt as I

‘have no idea of any repulsive property in electrified bodies

beyond the extent of their electric coatings when  sur-

charged.

- 56. The phenomena of 1nduct10n 1 beheve to be thus:
D2
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if a positive charge be given to any hody, and more than
a natural amount of electricity be thus brought within a
certain- space, all surfaces in the neighbourhood of the
charged body would have their natural" attraction for
electricity reduced; this effect lessening as the distance
from the disturbing cause is increased ; consequently the
electricity would recede more or less from these surfaces,
and a negative condition be thus induced. Or if the body
be brought into a negative condition, there would then be
2 minus quantity within.the same space, and electricity
would be impelled ‘towards that point, and restore the

-equilibrium ; but if this were prevented by the interven-

tion of a non-conducting body, then a positive condition
would be induced in the neighbouring bodies. :

-57. That electricity is material, and occupies space, is
disputed by many, including some of the leading electri-
cians of the day; yet many, with myself, do hold that opin-
ion, and (although with some diffidence) I will endeavour
to show that I have some grounds for doing so, the truth
of which is in fact the ground of the theory I propose.

58. By those who hold the former opinion it is con-
tended that electricity is only a force. I confess that I

really do not fully comprehend what is meant by a force;

I will therefore, in addition to what I have already stated,
endeavour to explain what T mean by being material. If
to exist and to be here, there, or somewhere, and at all
times to occupy space, is to be material, then I hope to
show that there are fair grounds for believing that elec-
tricity has these properties: but if it is necessary that all
matter must be ponderable, and subject to the ordinary
laws of gravitation, then electricity may not be material.
59. That it is necessary for the purposes of nqture that
gases and all ponderable matter should gravitate towards
the centre of the earth is obvious; but if electricity had
been ponderous in that sense, I believe it could not have
been the important agent it now is in the operations of
nature; its effects seeming to depend on its tendency to
grayitate (if I may use the term) to the surface of all

‘bodies, and the intensity with which it is impelled to

-
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the restoration of any disturbance of its equal distri-
bution. AR

-60. One ground for assuming that electrlclty occupies
-space is, that a body may be charged with electricity
under the pressure of the atmosphere, but no charge of
any consequence can be retained on any body in vacuo, or
in highly rarified air: this seems to show that electricity is
sufficiently gross to be pressed on and restrained by the
pressure of the atmosphere, and consequently, that elec-
tricity occupies space.

61. The effects of lightning, or the electric spark, seem
to show that something passes; a certain degree of inten-
sity being obviously necessary to overcome the resistance
of the air, therefore there must be something to be re-
sisted. The effects of electricity in motion tends to prove
the same, as its passage is free and rapid through con-
ductors, if of sufficient capacity; but if too small, they
are heated, fused, or dissipated, while non-conductors are
_ invariably more or less damaged. And when we see the
destructive effects of lightning, it is difficult to conceive
how such can be produced unless by the passage of some
material agent.

62. It is admitted (I beheve generallv) that. the electric
spark is the effect of the compression of the air, from the
rapid passage of electricity through it; the intensity of the
light being in accordance with the density of the air in
which it is produced. This may be advanced as another
proof of the materiality of the electric fluid, as it is seem-
ingly inexplicable on any other supposition than that there
must be something material to produce the compression.
The same argument holds good respecting the currents
of air produced by the passage of e]ectrlclty from pointed
conductors, &c.

63. From all I can learn on the subject, those who
deny the materiality of electricity attribute all electric -
phenomena to a change in the condition of the molecules
of matter, or a sort of polarity induced in the particles of
the bodies affected ; so that the passage of electricity (as
it is generally termed) is not in fact the passage of any-
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thing, but rather a current of changing conditions: there-
fore to-electrify a body is simply to change the polarity
of its particles, and consequently, electricity is not a ma-

terial element, it occupies no space, and the weight of a

body cannot be affected by its being electrified.

64. The foregoing opinion is, I believe, chiefly supported
on the following grounds; i. e. that electricity cannot be
proved to occupy space; .that.no difference can be de-
tected in the . weight of a body when charged with elec-
tricity or not ; that its passage thfough metals and other
dense conductors tells -against its being  material; and
that its intense velocity can be more readily accounted
for on the supposition of a change in the polar condi-
tion, or vibration, of the molecules of matter, rather than as
the passing of a material fluid. There may be other im-
portant points connected with the question, but these, T
believe, are the principal, and on them I will venture a
few observations. : :

65. That electricity cannot be proved to occupy space,
is no proof that it does not; and to give much weight to
that argument, it is necessary to show that the question
can be tested by the means adopted for the purpose. I
believe that no satisfactory test can be applied, and that

. such an amount of -electricity cannot bhe insulated as
-would suffice to settle the question. For although the

effect of a discharge of electricity may be great, the agent
producing it may be restricted to a small space, and there .
are (I believe) good. grounds for this opinion.  The light
from  a flash of lightning, or an electric spark, may be
brilliant and dazzling, but these are effects, we do'not see
the agent producing them. . The charge from a large bat-
tery may be passed through a card, but the perforatlon

will be very minute.

66. A heavy discharge of llghtmng may be carried off
harmlessly by a small but good conductor. A bell wire
has done so for many yards, where the lightning has been
destructive both before and after taking to that conductor.
During the investigation directed by the Board of Admi-
ralty as to the effects of lightning conductors, prevxous to
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adopting . the plan probosed by sir William Snow Harris

for the protection’ of ships from lightning, it was stated
that “ a copper rod -of half an-inch diameter had never
been known to.be fused or heated red hot by an atmo-
spheric. discharge of electricity ;> and there can be but
little doubt that a conductor of twice that diameter might
be carried through a powder magazine, and the heaviest
hghtnmg stroke passed off harmlessly by it.

. A short time since a. farm house near the Wood-
stock—road station was struck by lightning; the effects -
were singular, one of them being the  perforation of a
bandbox, of near.a foot in depth, containing a silk dress,
and other articles.. There were holes in the wall showing
the effects of the lightning, but the holes where it entered

‘and passed out of the box were so small that they escaped

notice, till ‘on the dress being taken out a few days after
the occurrence, it was found to have been perforated
through all its folds, as if a hot knitting-needle had been

. passed through the box and its contents.

68, These cases, and others which might be adduced,
show that however destructive electricity in motion may
be, its real sphere of action may be within a very small

. space, or rather that the agent producing such effects may

be small in magmtude, and therefore inappreciable to
weight or measure.
69. To this view it may be objected, that if electricity

- be material, and yet occupies so little space as to admit of

no admeasurement, it must be insufficient to produce the
effects T attribute to it as the principal agent in meteoro-
logical phenomena. But I will endeavour to show that a
coating of electricity, far too slight to be really measured,
would be quite sufficient for those effects, if it possesses
the properties attributed to it on this theory.

70. I have already (84) taken the 200,000dth of an inch
as the extreme diameter of an atom of water : now although

" water is 860 times heavier than air (116), a particle of

that fluid would be rendered freely buoyant by an- enve-
lope of imponderable matter of 4% its diameter in thick-
ness, as that would increase its bulk 1000 -times; conse-
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quently there would be a buoyant power of 1000 to 860
the gravity of the atom of water. ’ o
~ 71. It is by no meéans certain that the surcharge of an
electrified body is ever equal to its usual coating ; 1.e. that
i a body when surcharged can have double its natural quan-
14 tity, and such a surcharge would far exceed the require-
' ments for this theory : but even if it could be so, I cannot
conceive how the effect of such an extremely thin coating
could be ‘measured. The attempt to ascertain the space
| occupied by the electricity must be made under the pres-
sure of an-atmosphere, as it could only be known'by the
amount of air displaced by it, and the slightest change of
température might affect the pressure of the air, and more
il - than counterbalance the effects of the minute quantity to
l be measured. Again, the clectrified” body must have at
least a surface.of conducting material ; it would therefore
1. be impossible to ascertain in what degree the electric
i charge might enter the pores of the conductor, which
' pores may be inaccessible to particles of air, and thus the
electric matter might occupy space, without displacing the
air pressing on the charged surface. .
i ’ 79. And even if these objections have no weight, still it
; , seems’ impossible that the presence of such a mere film:
| could: be ascertained, or any displacement - of air by it be

i rendered evident : as the coating from a square yard would
only cover a square inch to the depth of the 84th part of

i an inch, and as the real diameter of particles of water
| may be hundreds or thousands of times less than- that
adopted for this calculation, the coatings of electricity

necessary to render them buoyant may be almost infi-

‘ nitely less than the quantity here given. That this is not:
| " an exaggerated idea’ of what may be the extreme minute-
' ness of a particle of water, is-shown’ by the’ following ex-

tract from Ehrenberg, who' states, that ¢ hie has grounds .
for believing the walls of- monadal stomachs to be from-
about the 4,800,000dth to: the - 6,400,000dth of a line:in*
diameter,” that is;. from. the 57,600,000dth to: the’
76,800,000dth: of an inch in thickness; and if living ani--
mal matter can be of such extreme tenuity, what may
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ticles of water of- whxch it s probably in part com-
posedg‘?

g On tlze Magmtude of the Ultzmate Partwles of Bodzes
: By Prof. C.C. Dhrenberg

 Extraordinary Minuteness of the Infusoria.—My observa-
tions, in regard to the smallest _organic parts, have enabled me
to ascertain the followmg “smallest magnitude, as actually exist-
ing and dlecermble by the senses:

« By means of the microscope, 1 saw dlstmctly monadee in.
Whlch the greatest diameter of the body was from %" ‘to
7o of a line.  This, which is the sm'ﬂ]est of known animals,
I have ‘named Monas termo, is the same as. that described by
Otto F. Muller, under this name. In the largest individuals of
thlS amma] I was able, by colourmo' the llquld to discover in
some, the larger, six, in the smaller, four Qacs or stomachs, and
in some of them the. stomachs did not occupy the. half of the
whole ammal Such a stomach of the Monas termo therefore, if
the animal is only +% part of a line in size (if there are only
four stomachs which occupy the half of the. ammal), 18 rrtoo
part of a line in magnitude. We observe in the forepart of these
animals, as in all the monades, a violent projection of still smaller
" bodies than itself, as soon as these come near to it, hence these
" have probably a- wreath of ten or twenty feelers around the ante-
rior mouth openmg, as in the Monas pulvisculus, and the other
still larger monades It is. probable that each of the stomachs
whlch are filled in our experiments with colouring matter, con-
tain more than one atom; if each stomach contains three co-
loured atoms, this affords a proof of the existence of red and
dark blue particles of colourmg matter ﬂoatmg in water, with a
magmtude of s¢dvv part of a line, ws4'vvv part of an.inch in
dlameter, and if the same objects are calculated according to the
qmallest ‘animals we have observed which are o5 of a line in
magmtude, and sometimes. contam four coloured points_in the
~ hinder part of the body, these latter parts, which are no longer
mdmdually dxstmgmshable, even by.a power of 800, but are dis-
tmgulshed inthe aggregate, havea magmtude of 55 bov of aline, or>
Frovoo of an inch, We may also notice the fineness of other parts -
of these living organic beings. The small stomachs of the monas ap-
"pear isolated in the body, and sh'trply bounded.” In Iarger infusoria

RowEeLL. o E7
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78. With respect. to the Welght of electrlclty, I have
'\lre'tdy stated that I do not consider it necessary for the.
truth of the theory that electrlclty should be ponderable,

L

which are 2", or upwards; in diameter, we see these receptacles
as distinct bladders, and there is no reason for assuming another
structure in the coloured cavmes observed in the smallest of the
monades i in our expenments If we assume the thickness of the
walls of the stomach as + of 1ts dlameter it amounts in the Jll onas
termo, having a diameter of oles”, where the stomach appears
as-the 4th part. of the, measurable length of the whole animal,
consequently m—u—n”’ in 'diameter, to Trdous of @ lme or
Tv¥vos of gn inch, and as there is reason for. supposing that
the walls of the stomach contain vessels, it aﬂ'ords a still farther
minuteness, of atoms. But magmtudes even smaller than these
may be pointed out. In the Polygastric. mfusorza there is an .
ovarium. The grains of this ovarium are as 40 to 1 in ‘the fe-
male of the Kolpoda cucullus, in others as 80 to 1; and they ap-
pear to increase in finencss as the body dmnmshes in magnitude.

Is it not probable that it is only the transparency and the impef-
fection of our. microscopes that prevents us from observing a
similar ovarium in the monades, which are similarly. organized,

so that it cannot be overlooked that there may be young monades
contained in the ovum, or which have escaped from it, in which
the diameter. 'of the whole body. measures only cobva to
sotoo, and which also are provided with stomachs, which,

according to the same relation, will have a diameter. of from
Tacoor 10 weolvuo. P The walls 'of these monadal stomachs
will be about gv4 oo’ t0 Txodoss in diameter. '

* By the kindness of Professor Ensler of Berlin, I have been
enabled to make many observations with a solar microscope. On
viewing the Monas atomus, strongly filled with indigo, I disco-
vered in the intervals the shades of smaller monades, which could
not have amounted nearly to zoles’”s but which were quite invi-

‘sible in the water when examined with Chevalier’s microscope,

perhaps on account of their transparency. Whether these bodies'
were the young of the Monas atomus, or independent species, it
follows that 7ol is not thc limit to a size of organic forms
\Vl’llCll can be distinctly scen, —L(lmburgk New Phil, Journal
Octobcr, 1832. ‘
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“and T believe it is'not subject to the ordinary laws of gra-
vitation. - But be this as it ‘may, the foregoing c'llcuhtlons'
will show the nnp)ohftblhty of its weight belng ascertam— :
“able,’ ‘and-there would also be a difficulty from’the 1ttract-
“ive or 1nduct1ve eﬁ'ects of surrounding- obJects on the
“charged body to be weighed.

74. The passage of electricity through dense bodies tells

but- little against-its materiality, as "the pores of metals,

: 'dthough too small for the admission of air or other gases,
"may freely admxt the electric fluid ;- and the freedom with
“which it pervades metals may be owmg to the absence of
air, which is one of the. greatest “opponents of electrlc

“motion. :

75, There is something analogous to this in"the fact
:that a vessel already filled with gas will receive an addi-
“tion” of gas” of ‘another kind, without* compressing that
“already in it ; the one gas being as it were a vacuum for

gas of another sort.

76. 1t is probable that metals are the best’ conductors,

not from their attracting or having an affinity for elec-

: tricity, but from their offering the least resistance to its
passage ; therefore a’ good conductor may be“a -sort of
vacuum as far as regards electrmlty ‘With thls view of
the questlou, it is not su1pr1smg that " electricity should

“take a course through an enormous’ length’ of good con-
ductors, 1ather than force a passage; even for a very short

“ distance, through a bad one; as water will run through a

long pipe, if of sufficient dimensions, although formed-of - -.

* slight materials. o
- 77.An experiment: of Dr. Fal aday s has been mentloned
" fo me several times as a proof of the non- materlahty of
'electnclty, which is, that'small Leyden jars of glass have
been electrlcally charged and" then hermetwally sealed
“but when examined a year or two afterwards; they have
“'been found to have no charge whatever remaining in them.
I do not think this proves the non-maternhty of electrl-
cxty, for although glass may re31st the passage of electricity
* to’a very high degree, it is stlll poss1b1e that' it may be
slowly permeable by it; as vessels may be made of mate-
L2
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'rlals which w111 hold water well, but not altogether pre-

vent it passing away, perhaps 1mpercept1bly, in the coutrse

- of time.

78. Many are 1ed to doubt the materiality of electr1c1ty,
from the inconceivable velocity with which it passes
through air from one body to another, or through solid
conductors still all rates of speed are but comparatlve,
and when witnessing the destructive effects of hghtnmg,
it seems to me more difficult to look upon them as the
effects of a mere change of condition in, or undulatlon of
the molecules of the bodies affected, rather than’ as caused
by the passing of a material agent, even with- such’ extra-
ordinary velocities. And the seemingly instantaneous effect
produced’ through solid conductors of great ]ength, such
as the Atlantic telegraphic cable, may be owing in some -
degree to the forcing onward of electricity already, and at
all times, within the conductor as water, if forced into a
pipe already filled, will at the same time drive out an
equal quantity at the other ‘end of the pipe, be it ever so
long "This seems to me a more probable way of account-

* ing for the phenomenon than to suppose the whole of the

molecules of the wire to be vibrated or polarized from the
effects of a battery at the one end of it. ' '

79. Looking at the subject in all its bearmgs, the in-
tense velocity of electr1c1’cy in motion cannot be admitted
as a proof that it is not material, and the followmg re-
marks by M. Arago show the doubt and uncertainty in
which the question is involved. ’
~ 80. “From the earliest times it has heen known that
sound was’ not ‘material. Thus, Aristotle knew perfectly
well tbat it was produced .by s1mp1e undulatlons of the
common air. At the present time, this result may, with-
out scruple, and with a single modification, be extended to
light ; for light also is the consequence of the undulatory
motion, not of air, but of a certain very rare and very
elastic medium which pervades the universe, and which it
has been agreed shall receive the name of ether.”

81. « Are we to range the thunderbolt, whose presence
is almost always manifested simultaneously with light and
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sound, in the same category ? Though free to declare my-
self the decided partizan of the theory of the undulation
of light, T must avow [ remain completely undecided on
this other point. When on the one hand I consider the
observations of Mr. Wheatstone as completely established,
and when I direct my attention .to the incomparable velo-
city with which ‘the thunderbolt traverses the afrial re-
gions, and the solid ‘bodies which propagate it at the sur-
face of the earth, I feel myself but little inclined to regard
it as composed of an agglomeratlon of material molecules,
or a mass of minute projectiles, and the idea of undula-
tions seems most readily to comport with such extraordi-
nary velomtles But no sooner, on the other hand, have
I reached those’ conclusmns, than the prodigious mechani-
cal effects produced by thunderstorms, and the transport of
the heavy substances thereby effected, rush to my recol-
lection. Then all my uncertainty returns, and the undula-
tions of the thunderbolt appear enveloped in ten thousand
difficulties.”’ Edmburgh New Phil. Journal, vol. 1i. p. 81.:
- 82, On the question of electricity coating the surface of
bodies few remarks are necessary, as I believe it is gene-
rally consldered as proved, that the capacity of a body for
electricity is. in proportion to its surface, rather than its
solid contents; although it may pervade the pores of all
bodles also.

83. T have no idea that what I have advanced will prove

L thet electrlclty is material ;" my object has been to show

that there is no proof that it is not so; and that it mw
occupy space, although we have no means to prove it:
therefore that the theory I propose ought not to be re-
- jected on that ground alone. I fear I have not rendered
my meaning so clear as I could wish to do, and I would
gladly have avoided this part of the sub_]ect altogether, but
for ‘the fact that the question has often been asked me,
How can electricity have a -buoyant power, and be the
cause of the ascent of vapour, when no difference can be
detected in the ~weight of an mqulated body when charged
or not? '
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On the Connection of EZ@Ct’)ZCZtJ with Mcteoroloqzcal '
Plenomena.

84. Before I attempt to show. the adaptation of the
theory to any particular phenomenon, it may be well to
direct attention to the general connection of electricity
with meteorological phenomena, and that (apart from any
theory) it is developed in all cases.

85, I‘rom the time”of Franklin the electricity of the
atmosphere has attracted specml attention, and I shall
have to allude to the observations of many persons in
“reference to the sub‘]ect But of all' the experiments and
‘observations. on atmospherlc electricity which have, at va-
rious perlods and in different countrles, been carried on
by so many eminent men, none seem to have been con-
ducted ‘with greater care, patience, and perseverance, than

~ those of the celebrated Giambatista’ Beccaria, Professor of
Natural Philosophy in' the University of Turin,  His ob-
servations were not confined to one locality ; he was care-
ful in selecting lofty and open situations, where his ex- -

- periments would as far as possible be unmﬂuen_ced by
neighbouring objects, and he seems to have had no theory
in view which could bias his conclusions. The experi-
ments are very numerous, and many of them have special
bearing on the subject of this Essay. The results could
most readily be exhlblted in an cpitome, but as that mlght
be considered partial, I prefer giving extracts from his
book. These I have placed together, and for eonvemence
of reference the numbering of the paragraphs is’ given
from his work, in addition” to the running number of
this Essay. : .

86. On the. questlon of the electrlc condxtlon of the
atmosphere during clear Weather ‘he dwells at considerable
length (408), and says (412), “ Ever since I began to ob-
serve the atmospheric electricity during serene weather,
the whole series of my observations has confirmed it to
me, that this electricity is constantly of the excessive, or
positive kind;” and he further states, that during the
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many years he carried on his observations, he only met
with six instances of defective (negative) electricity ; that
" on each occasion.he saw clouds at a distance of a peculiar
form, and shows that these six cases were évidently the
result of induction ; as he says (417) that these instances
were similar to those in which, * though the sky just over
head may be’ clear, dark thick clouds, which draw near to
the place of observation, send an electricity which is found
to be al’cemately excessive and deficient.”. :

87. With respect to the presence of electrlclty in the
atmosphele, Beccaria shows (422) that ‘it is only in con-
‘nection with ‘the vapour floating in-it, " and says (429),
« Whence we are to conclude, that the quantity of electric
ﬁre which is exerted in the atmosphele during’ clear
weather i is’ proportioned to the quantity of moisture con-
tained in it.” - He shows also (430) that fogs give off elec-
trlclty, and (433) states, ¢ that he finds by experience that
all the vapour, or moist effluvia whatever, which are
anyhow brought to rise in the atmosphere, or which swim, .
or ‘descend in it, are affected by the aérial. electricity, in
‘their absolute as well as relative motions;” and concludes
this part of the subject thus: ¢ The natural electricity of
the atmosphere durlng clear weather resides chleﬂy in the

vapour diffused in it.” ’ '
- 88. As to, the opinion that the frlctlon of the air.is" the

cause of the development of atmospheric electricity, he

condemns it in"toto (435), and devotes sixteen paragraphs
‘to support the proposition that, ¢ the friction of the winds
‘against the surface of the earth is not the cause of atmo-

sphemc electricity ; and that tempestuous winds used to .
‘lessen the electricity in clear weather.” * The remainder of
‘the extracts (441) relate to ‘the electrlclty developed durmg

the deposit of dew. ‘

-89, The intimate connection of electuclty mth the more
striking of meteorological phenomena is obvious, for not
only. do thunderclouds produce electric effects,” but all
other clouds do so in proportion to their density, or prox-
imity to the earth, as shown by their effects on inductive
- rods, clectric kites, &e.  Hail-storms are génerally accom-
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panied by lightning, and rain and snow are often found to
be electric.

+90. On the question of the electrunty of clouds, many
are of opinion that they differ in their électric state, and
that some are positively and others negatively charged and
even ‘that the condition of the same cloud may vary from
the one to the other of these electric states. Mr. Cross
describes the effects of a passing thundercloud as exhibit-
ing alternate signs of negative and positive. electricity,
and supposes the clouds to be disposed in concentric and

voppontely electrified zones, the electric-intensity decreas-
ing from the centre towards the edge. - I have only an

opinion to offer against that gcntleman s very extensive -
practical observations; but I cannot conceive the possi-
bility of such. opposite conditions. existing at the same
time in the same cloud, or how the electricity.could accu-
mulate in the cloud so as to strike off to the earth, ‘whlle

- the opposite electric conditions exist within it.

91. .On the theory 1 propose a cloud can only be sus-

pended by its. positive charge of electricity, and I believe
that all the negative effects of clouds may be: 'tccounted for

as inductive. :

. 92. The effects of a thundercloud seem to be in accord- .
ance with the generally acknowledged laws "of electric
action; as ohits’ approach as a ‘body-highly charged .
positively, it may give negative signs by induction, while
from the same cloud when over head, especially if it be rain-

“ing heavily; the electricity passmg off to the earth may pro-

duce positive effects; the signs again becoming negative

“from induction as the. cloud passes away. The signs may
“even vary while the cloud is over head, and: must do so
.to some extent ; for a certain degree of intensity is neces-

sary for the electricity to overcome’ the resistance of the
air, therefore the ‘electricity accumulates in the clouds till
a flash of lightning takes place, which must at the moment
affect the electric tension of the cloud, and cause its effects
to varyh. ' ‘

. b Such varving effects seem. to have been felt by the writer of
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93. Other clouds may at times give negative mdlca-
tlons, but all ﬁxed atmospherlc electrlc apparatus, be’ they

the follovung account who appears to have been almost in the
_very cloud :from’ whence the. thunder and llghtmng was pro-
duced — , : , .
“ Observatwns on a Thunderstorm, by L. Blesson, MaJOX‘ of .-
Engmeer Berlm

* On ascending a mountain, which rises rather more thcm 2000
feet above Teschen, I encountered a storm, concerning which the
following particulars are not without interest. The wind blew
from the south, and, shortly after T commenced my ascent, enve-
Joped the upper part of the mountain in clouds. The oppressive
feel of the air seemed to announce atcoming' thunderstorm, but
hitherto neither thunder nor lightning had occurred. The nearer
I approached to the clouds, the darker was their colour, but stiil
the sun shonebrightly upon Teschen. The clouds, as seen from
below, which exhibited a remarkable rotatory motion, appeared
sharply bounded, and I was therefore surprised, when I came near
“to them, to find, as usual, only a gradually denser and.denser
cloud, which speedily wet me through. A particular rotatory
wind .appeared to pi'evail in this region (above half-way up the
mountain), occasioning a piercing cold, which was the more
striking, as contrasted with the sultry heat and . stillness below
the clouds.

.« had hardly entered the denser part of the cloud, where it
was so dark that I could with difficulty distinguish an object at
-my foot—(I name this dark, because 1 do not know any other
expression for it; it is not, “however, want of- light; we have a
~ white veil before us, which is constantly moving with a rotatory
motion, which we cannot compare with ‘anything else). I was
~ scarcely in" the cloud before T felt throughout my whole body a
" kind of expansive tension, which was excessively oppressive, and
- seemed to affect the walking of my companion, a poodle dog,
" even more than it did myself. The hair appeared to bristle up,
and it seemed to me as.if something was drawn out of the whole
, ’ot' my body. But this electric tension was of a very different
character from that of an isolator. I bent down, in order to see
the ‘grass that surrounded me, and on which no dew was ob-
RoweLL. r '
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~wires or induction rods, are so slightly elevated in com-
parison with-the generality of clouds, that it seems impos-
sible to decide by them alone whether the effects are

inductive, or indicative of the real condition of a cloud.’

All the observations of Becearia, to which I have alluded,
show that the_ normal electric condition of atmospheric
vapour is positive; I believe that no one has ever found

served, when I was suddenly enveloped in a bright sea of light,
with a yellow lustre, and perceived, along with a violent noise,
a sudden cessation of the former tension. -The noise may be best
compared with a distant dull cannon-shot, only more continuous
and louder, or may be compared with the explosion in a 'mine;
but no rolling was heard. - The grass was in wmotion, but I was
too much surprised and confounded to make more particular ob-
servations. The convulsive motion of -the-cloud ceased for a
moment, but immediately began again, and with ‘it the tension
was renewed. During the moments of rotation, the vaporic par-

ticles appeared to be arranged: in rows into fibres, which moved °

still more violently amongst each- other, and after the e}éplosion
all was’ again- calm, and a mere fog or cloud was visible. My
poodle dog was the first object of my attention; it seemed to me
to be thicker than usual; and his hair bristled up; I stroked it
several times, and saw it bristle up under my hand.- A new flash
of lightning took place, and I could distinctly perceive, notwith-
standing the light, that the whole body of my dog glimmered

with a pecualiar lustre, the hair, formerly bristled up, now fell
flat, and he sunk down on his knees.  This was a consequence

of the stronger streaming of electricity from him than I expe-
rienced, and which: seemed, as it ‘were, to draw me from: the
mountain. ’Altﬁpugh during the tension, .the feeling of drawing
out was continuous and always increasing in intensity, still it was
strongest at the moment when the ‘electrical discharge - took
place; the hair bristled: up more, ‘and T felt 'something, as ‘it
were, passing from: out my interior, and instantaneously all was
past, and the hair flat again. On’the next flash-of lightning, I
noticed the appearance of the grass; on the discharge it appeared
shining at its extremities; it became erect when I felt the tension

increasing in my body,/but became gradually wet,.and then sunk’

down again.”—Edinburgh New Phil, Journal, January, 1833. .
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‘negative signs from a cloud when at a moderate height
_.over an electric-kite, whatever may have.been:the. indica-
tions from the.cloud when approaching the kite; and the
following extract tends. to.show the probability that the
negative effects of clouds are at all times from induction,
and not from ‘the clouds actually being negatively elec-
trified.

.. 94, ¢ During a penod of three years and seven months,
viz. from January 1844 to July 1848, both inclusive, elec-
trical readings were taken at the Kew Observatory, at each
even hour of Greenwich mean time, as well as at sunrise

* and sunset. .. This long series of observations amounts to
- 10,526 readings. . Of these 10,176 were positive, 324 were
negative, giving 31 positive to 1 negative indication. .. The
gréat majority. of instances.in which negative electricity
was exhibited were characterized: by two very interesting
features. At Kew one of these features was the falling
of rain,:in.most instances heavy, and the other the occur-
rence of. cirro-strati, and occasionally of cumulo-strati,
which clouds were considered. to have contributed their
quota to the development of the electricity observed.
Although the small number of observations did not fur-
nish" data sufficient to determine a diurnal period, they
pointed ouf @ connection between negative readings and @
prevalence of clouds, when there was no rain; for.though
negative electricity is generally, it is not always, accompa-
“nied by the falling of rain, nor is all rain 1ccompan1ed by
- negative electricity.”

. 95. “ The observations of M. Quetelet at the Royal Ob-

servatory at .Brussels, from August 1844 to December
- 1848, gives the like results, as ¢ during . the whole period
included in the régister, the electricity was observed to.be
negative_only twenty-three. times, .and these. indications
generally either preceded .or: followed rain. or storms.’”’—
Noad’s Manual of Electricity, pp. 188,190,194,
. 96. No really satisfactory knowledge of the electric con-
dition of clouds can be obtained unless by the aid of .cap-
tive balloons, by which conducting wires could be. carried:
up to the clouds themselves; although experiments with
F2
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kites (being of an exciting character) have, from the time
of Franklin, been carried on with considerable success in
various countriés, and by many persons of eminence in
scientific pursuits. = As these experiments are' pretty well
known, it may be unnecessary to enter into detail on the
sub_]ect, still T think it ‘'may be well to refer to some of
the results. Of all such experiments none seem to have
attracted so much attention, or to have been of such an ex-
citing character, as those of M. de Romas: and a fair con-
sideration of them will show, in a strong light, the proba-
bility that electricity is an important agent, rather than a
minor result in meteorological phenomena; that the accu-
mulation of electricity to such a degree cannot be attri-
buted to the mere friction of air on vapour; and I believe -
few persons could have witnessed such effects without being

convinced of the materiality of the electric fluid, or, at all

events, doubting its non-materiality.
97. <M. de Romas, Judge of the Presidial Court of
Nerac, in Aquitain, was the first who used a wire inter-

‘woven in the cord of an electric kite, which he made seven

feet and a half high, and three feet wide.  This cord was
found to conduct the electricity from the clouds more
powerfully than an hempen cord could do; and being ter-

.ymmated by a cord of dry silk, it enabled the observer (by

a proper management of his apparatus) to make experi-
ments without danger to himself. :

98, '« By the help of this kite, on the 7th of J une, 17 53
about one in the afternoon, when it was raised some 550
feet from the ground, and had taken out 780 feet of string,
making an angle of near forty-five degrees with the hori-
zon, he drew sparks from his conductor three inches long
and a qu'u"ter of an inch thick, the snappmg of which was

“heard about 200 paces. Whilst he -was taklng these

sparks he felt, as it were, a cobweb on his face, though
he was above three feet from the string of his kite; after
which he did not think it safe to stand so near, and called
aloud to all the company to retire, as he did himself about
two fect. v
'99. « Thinking himself now sccure enough, and not
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being incommoded by -anybody very near him, he took
notice of what passed amongst the clouds which were im-
mediately over the kite, but could perceive no- hghtmng
either. there or any where else, nor scarce the least noise of
thunder,. and. there .was no rain at all. ' The wind was
west, and. pretty strong, which raised the kite 100 feet
higher, at least, than in the other experiments.

100. ¢ Afterwards, casting his eyes o1l the tin tube,
which was fastened to the string of the kite, and about
- three feet from the ground, he saw three straws, one .of
which was about one foot long, a second: four or five
inches, and a third three or four inches, all standing erect,
and performing a. circular dance, like puppets, under the
tin tube, without touching one another.

- +1101. ¢ This little spectacle, which much delighted seve- -
ral of the compary, lasted about a quarter of an hour;

after which, some drops of rain falling, he again perceived

the sensation of ‘the cobweb on his face, and at the same
time heard a continual rustling noise, like that of a small
forge bellows. - This was a further warning of the increase
‘of ‘electricity ; and from the first instaunt:that M. de Ro-

mas perceived the dancing straws, he thought it not adv1s-
. ‘able to take any more sparks, even’with -all -his precau-
tions, and he again entreated :the :company to spread
" themselves to a still greater distance.

--102. “Immediately after this came on the last act of
the entertainment, which M. de Romas acknowledged
made him tremble. The longest straw was attracted by
‘the: tin tube, upon which followed three explosions, the
noise of which greatly resembled that of-thunder. Some
“of the company compared it to the explosion of rockets,
‘and others to-the violent crashing of large earthenjars
: fagamst a pavement. -It is certain that it was heard even
-in the heart of the city, notw1thstandmg the various noises
“there.

-108. “The fire that was seen at the mstant of the ex-
ploswn had the shape of a'spindle eight inches long and
“five lines in diameter. ~But the most astonishing and
diverting circumstance was produced by the straw, which



38 On the Connection of Electricity

had occasioned the explosion, following the string of the
kite. Some of the company saw it at 45 or 50 fathoms
distance attracted and repelled alternately, with this re-
markable circumstance, that every time it was attracted
by the string, flashes of fire were seen, and cracks were
heard, though unot so loud as at the time of the former
explosion.

104. “ It was remarkable that from the time of the
explosion to the end of the experiments, no lightning at
all was seen, mor scarce any thunder heard. An end
was put to these experimerts by the: f'xlhng of the kite,
the wind having shifted into the east, and rain mixed with
hail coming on in great plentya”—-—Gentlemans Muagazine
for August, 1756, p. 378. \

105. The following interesting'account of a s1m11ar kite
experiment by Mr. W. Sturgeon is.taken from the Lon-

" don and Edinburgh Phil. Magazine for Dec. 1834 :— On
Saturday the 29th of March I had a very favourable op-
portunity of demonstrating experimentally to my friends
at Kirby Lonsdale, that an abundance of the electric fluid
usually - attends  hail and ‘snowstorms. The wind " was
pretty brisk, cold, and from the west by north, nearly the
whole of the day. -There were several hail showers, each
of which, with a simultaneous”increase of wind, became a
complete transient storm. ™ During three of - these hail-
storms I floated one of my silken electric kites,! \with a
wired string of about 300 yards long, and msulated in the
usual way by means of a silken cord. ,
- 106. “ The kite was elevated in each experiment about
ten minutes prior to the arrival of the hailstorm, and the
electric state of the atmosphere. ascertained, which was
found to be so exceedingly feeble that not the slightest
spark ‘could be observed. As, however, the cloud from
which the hail was falling approached the kite, the fluid
from the string presented itself in brilliant sparks to. the
knuckle; and during the transit of the cloud, became so,
abundantly discharged to a wire presented to the string,
that it struck in rapid succession through a stratum of six
inches of air; and through three inches of air, it presented
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a splendid continuous stream of electric fire. As the cloud
receded from the kite, by advancing in its. agrial course,
‘the electric discharges became less and less brilliant, and
continued to diminish in splendour and energy with the
recession of the passing storm, ultimately vanishing alto-
gether by the emergence of the klte from the eleetrlc in-
fluence of the cloud.

107. “ These appearances were exhibited in each experi-
ment, but the display of the-electric fire was the most
‘magnificent in the second, which was the fiercest hail-
storm of the day, and happened between two and three in
the “afternoon.  During an early part of this stormthe
electric. fluid made a continuous rattling noise down the
kite-string (in consequence of the wire being broken in
several places), and darted from the reel at the inferior
extremity, to greater distances than in either of the other
experiments. In one instance it struck over a stick a
yard long, to the hand of a young man named Croft,
~ who was presenting it to the kite-string. Although the
remote end of the stick was in connection with the ground
- by means of ‘a very wet string, and consequently a consi-
derable discharge must at the same time have- pftssed down
the wet string ‘to the earth, the shock was so violent as to
make Mr. Croft reel and nearly fall; and I have some
reason to suppose that it has left an impression on his
memory which time will not speedily obliterate. The
kite-strings, however, broke soon afterwards, and conse-
quently the experiments, on that occasion, terminated very
- abruptly ;> and unfortunately at a time also when the fire
was streaming from the string in the greatest abundance,
- and with ‘a degree of splendour better imagined than

described.” o

108. The foregoing - relates to the electricity of what
may be called %ail showers: to its connection with the
- more destructive storms I need scarcely allude, as my ob-

ject here is only to show that electricity plays a part in all
* meteorological phenomena; and the following shows that
this is the case in- a phenomenon which I should have
thought might bave been attributed to heat alone.”
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109. The subjoined extracts are from a letter in the
Phil. Mag., vol. xxxvii, On the dust storms of India, by P.
Baddeley, esq., dated Lahore, April 18, 1850, « My obser-
‘'vations on this subject have extended back as far as the hot
weather of 1847, when I first came to Lahore, and the re-

-sult is as follows :—Dust storms are caused ‘by spiral co-

lumns of ‘the electric fluid passing from the atmosphere to

‘the earth; they have an onward motion—a revolving mo-
- tion, like revolving -storms. at sea.” —My idea is, that
‘the phenomena connected with - dust storms are iden-
~ tical with those present in waterspouts and white squalls

at sea, and revolving storms and - tornadoes of all kinds;

-and that they. originate from the same ‘cause, viz..moving

columns of electricity. ~ ‘
‘110. ““ In 1847, at Lahore, being desirous of ascertain-

-ing the nature of dust storms, I projected into the air an

insulated copper wire, on a bamboo at the top of my house,
and brought the wire into my room, and connected it with

-a gold-leaf electrometer and a detached wire communicat-

ing with the earth. A day or two after, during the pas-
sage of a small dust storm, I had the pleasure of observing
the electric fluid passing in vivid sparks from one wire to
the other, and of course strongly affecting the electrome-
ter. The thing was now explained ; and since then I have,
by the same means, observed at least‘sixty dust storms
of various sizes, all presenting the same phenomena in
kind. T have commonly observed that, towards the close
of a storm of this kind, @ fall of rain suddenly takes place,

-and instantly the stream of electricity ceases, or is much

diminished. :

111. ““The sky is clear, and not a breath moving ; pre- -
sently a low bank of cloud is seen in -the horizon, which
you are surprised you did not observe before; a few se-
conds have passed, and the cloud has half filled the hemi-
sphere: and now there is no time to lose—it is ‘a dust
storm, and helter skelter every one rushes to get into the
house in order to escape being caught in it. :
-+ 112, “The electric fluid continues to stream. down the
conducting wire unremittingly during the continuance of
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the storm, the spark ‘oftentimes-upwards :of ‘an inch in -
length and’ emitting a crackling.sound ; its intensity vary-
ing upon the force of the storm, and, as before said, more
intense during the gusts.” ot :
-113..% Many ‘dust storms occur at Lahore in-the Pun-

‘Jaub geneérally. during 'the hot and dry months, as. many
as seven or nine in one month.:

114, ¢ The instant the wire is involved in the electric
current marked by the column of dust, down streams the
electricity. I have sometimes attempted to test the kind
of electricity, and find that it'is not invariably in the same
state; sometimes- appearlng +, ‘at other tlmes —, and
changmg durmg the storm.”

On t/ae. Cause quvapordtion, Rain, Hail, Storms, &e.
~115. Assuming that electricity occupies space, has no
Welght and coats the surface of bodles, I will now endea-
vour to, show that the theory proposed (46) will afford a
 fair explanatmn of the causes productive of rain 'md all
" its allied phenomena.
+-116. Before “entering into particulars respecting the
various phenomena, I would direct attention to the fol-
lowing table of the comparative weight of water and air at
different elevations above the level of the sea, and the
temperature at such helghts

g | Tenpgmis | Doty W e

5miles | —250Fah| 03163 | 2719 times

14 .miles | — 8o 0-3981 2160 ......

13 miles . + 9o, 05011 1716 ......

12 miles- - - {4260 - 06309 | 1363 .

I miles 4 430 0:7943 1083 ......

S Levelofthesea + 600 D LA B 860 ......
‘ Barometer at the level of the sea 30 mches

I-believe._it,is' by no means a settled point as to what
' G
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1is the difference in the weight of water and air at va-

rious heights, as’ some give it at the level of the sea as
not more than 820 times; and the decrease of tempera-
ture at different elevations is by no means certain. 1 ,
have adopted the rates given in several ‘meteorological
works, and as the table is merely to elucidate the theory,
it is not necessary that it should be absolutely .correct,
and T believe it is quite near enough for the purposes
required. S 1

. On Bvaporation. - o

A17. The ¢apacity of a body for clectricity being in pro-
portibn to its extent of surface, rather than to its solid con-
tents; as the surfaces of bodies increase in proportion to
their bulk as the bulk itself diminishes, there must be a -
point at which the surface would be so great in proportion

. to the mass, that let the specific gravity of a body be ever

so great, it must be rendered buoyant when enveloped in
a coating of imponderable matter. ,
- 118, To put this case stronger, let. us take a cubic foot,
and it has six times 144 inches of surface, but there are
twelve times 144 cubic inches contained in it; therefore
there is only half an inch of surface to every inch of solid
contents; but if we divide the body into cubes of one inch
diameter, then there will be six inches of surface to each
inch of matter; and if a further division be made into
cubes of the twelfth of an inch, the surface will be further
increased to 72 to 1, and thus division on division may go -
on till a body may be nearly all surface, and its capacity
for electricity increased almost to infinity. Again, a large
mass of heavy metal in water would be but little affected
by a very thin coating of cork, whereas small particles of
the same metal would be freely buoyant with a similar
coating. -~ . _ - ' ,
119. Thus, in accordance with the theory, I believe
evaporation at low temperatures is caused by the particles
of water being so small, that when detached from contact -
with .other particles, and conscquently being completely
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' ,envelopéd in their natural coating of electricity, they are
thereby rendered sufficiently buoyant to be carried off by
currents-of air. But when,.in addition to these circum-

stances, the particles of water are expanded by heat, they-

take up electricity in proportion to their expanded surface,:
‘and are buoyed up into the air by their increased charge
of electricity.-:

-'120. Before entering mto p'u“tlcuhrs respecting the va-

rious phenomena of evaporatlon, I will refer to the proofs
that electricity is an agent in producing it. From the time
that Franklin' proved the identity of lightning with elec-:

tricity, it was believed by many that evaporation-was the'
source of atmospheric electricity.- Volta succeeded in show-

ing that electricity passes off during evaporation, and the
experlment is still known in connection with his name.
It is as follows:—If a hot cinder or- piece of metal be.
placed on the cap of a-gold-leaf electrometer, and a few
drops: of water thrown upon. it,- the leaves will diverge
with negative signs at the moment the vapour is evolved,
showing that pos1t1ve electricity passes away with the
vapour.

. 121. Mr. H. L. Pattmson gives the followmg in the Phil.
M ag., Dec.1840, p.460, in reference to his investigations on
“the cause of the electricity of steam :—* I repeated Volta’s

experiment by placing a hot cinder upon the. cap . of a.

gold-leaf electrometer, and projecting a few drops of-water

upon it, when. the leaves diverged strongly with negative-

electricity. I observed. that when the cinder was very

“hot, and- the production of the steam-consequently very:

rapid, the electricity given out.was always most powerful.
-122. « I then insulated an iron:pan, twelve inches dia-
meter. and.two -inches deep,:and attached:to it a pith ball
electrometer, with balls three-eighths of an inch diameter,-
and threads five inches long;.and also-attached to the pan
a metallic wire, the pointed extremity of which was placed
about. one-twentieth.of an-inch distant from-the. point of
another. wire connected with the ground. The iron pan

was then filled with cinders, very hot, from a wind-furnace,:

¢ 2
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and on projecting upon them a few ounces of water, steam
was evolved with great rapidity, and at'the same moment:
the pith balls diverged to the distance of an inch, and
sparks passed between the metallic wires. This was re-
peated several times.” ,

123. The proof of the e]ectr1c1ty of steam, as- dlscovered
in 1840, seemed to be a full and perfect development.of
Volta’s experiment. It ‘created but little surprise, as it
had long been suspected that steam was electrical. I had
several times tried (and at-some personal risk) to produce
electricity by condensing the steam from'a common kéttle,
but of course without success, owing to 'the conductmg
properties of ordinary steam.

124. From the first discovery I believed, and still hold,
that ‘the electricity of steam affords strong evidence in
support of the theory I propose; and especially the fact
that the same jet of steam exhibits three electric condi-
tions. Thus (as shown by Professor Faraday), if an insu-
lated body be held in the jet, near the orifice from which
the steam is escaping, it is brought into a negative condi-
tion; af some point at a little distance from the boiler the
jetis in a neutral state, but at a still greater dxstance the
steam is posmvely electrified. - This phenomenon seems to
admit of a simple explanatlon At the moment the steam’
escapes. from the boiler it expands enormously ; it is there-
fore: increasing ‘its capacity. for electricity, and anythmg
held in it is robbed of its electricity, ‘and brought into a
negative condition : between this point and the other ex-

‘treme there must be a neutral part; but still further off,

where the steam is condensing, consequently losing- ltsl
capacity for electrlclty, from the contraction of the partl-_
cles of steam; 1t is there brought mto a surcharged or posi-
tive state. -~ ‘

125, The- electricity of -steam has been attributed - to
friction of the particles of water carried - along by the
steam, and rubbing against the sides: of the exit tube.
This opinion I.controverted in an article in the Edinburgh-
New Phil. Journal (1844), and I know that my views
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were ﬂpproved of by many persons of emmence in the
scientific world.

=126, 1t was known long.since that the evaporatlon of
water and the like is increased by its being .electrified.
This was proved a hundred years ago by the Abbe Nollet,
who showed that:“electricity augments the natural evapo-.
“ration of fluids;” and that « electricity has:a greater.effect
upon fluids when the vessels which contain.themare non-
electrics, the effects always:seeming to be a little greater
when the vessels were. of metal than When they were of
gl’xss B G

-127.:Cavallo also, in h1s Treatlse on E]ectrlclty, states
that electrlmty, “if communicated to insulated fruits,
fluids, and in general, to every kind. of ‘bodies that are in
a state of evaporation, it increaseth that evaporatlon, and
in a greater or less degree as those bodies are more or less
subject to evaporate themselves, and-as they have a greater
or less surface ‘exposed to the open air.”—Adnnals of Elec-
tmczty, vol. viii. pp. 180.182. '

128. In accordance with the proposed theory T was led
to think ‘that evaporation would not go on so freely from
an insulated vessel as from an uninsulated one, and in 1841
I tried several experiments, the following account of which
appeared -in the Phil. Mag., Jan. 1842. “In a warm
room, over. an oven in daily use, I suspended with-silk:
threads two shallow vessels,. eight .inchesand: a:half in
diameter, containing eight ounces of water:each; a.small
copper wire was hung from one vessel to the earth to-take
off the insulation, both vessels-being -similarly suspended
in every other respect: after being suspended twenty-five
‘hours -the insulatéd - vessel thad. losttwo.ounces, eleven
dwts., and fifteen’ grains; and the: other :vessel three
ounces six dwts., showing .an excess .of -evaporation from
the non-insulated vessel of fourteen: dwts. hine grains. L
‘have tried similar experiments with water placed:in the
rays of the sun, and on all occasions the evaporation has
been.greatest from the non-insulated vessel.” -

- 129. T have described ‘the room in which the- above
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experiment was made as warm,. I might have said hot,
but I did not take the temperature. I have since then
tried similar experiments at more moderate temperatures
with like: results; but in a less striking degree. And in-
the dnnals of Electricity, vol. viii. p. 825, Mr.T. Spencer,-
in an‘article on ‘Atmospheric Electricity, after referring to-
the foregoing experiment, says, ¢ have repeated a similar
set of experiments; and with nearly similar results ; always,
at least, showingan- excess in favour of the non-insulated:
vessels: of water.” :

180. Thus the agency of electrxmty in evaoratlon is-
shown-in-various ways;: as electricity goes off during eva-
poration, an excess of it accelerates evaporation, and, as
in the last experiments; the want of it retards evapo--
ration..

131.. Evaporation from water in' its most condensed
state I have already explained. as caused by the particles

of water, together with. their electric coatings, being so
* near the weight of air as to be carried off and buoyed up
by the winds, as other light substances may be; and that
light bodies can be: so suspended for a time, although in
reality having a greater specific gravity than air, may be
seen’ by the particles floating;in a room if a ray of sunlight-
be admitted :*such bodies will float for a long time. if the
air be but slightly agitated, but settle in the form of dust -
if the room be left. undisturbed for a while...

182, Evaporation must depend on the surface exposed
and.not on. the volume of the evaporating fluid, as only
the. particles on-the surface can.obtain their coatings of
electricity:

133. Wind increases evaporatlon by assisting the evapo-
rating particles:to- separate from:the hody of water, thus
enabling the particles to obtain their full coating. of elec-
tricity,-which they cannot have when-in contact w1th any
other body.. :

134.. Evaporation.from ice (22) i is owing to the coldness
and dryness of the air separating the minute particles at
the surface, when obtaining their. coatings of electricity,
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‘they are rendered sufficiently buoyant to be carried off by
.a brisk wind. Dvaporatlon from ice, snow, or even water
at. low temperatures, is trlﬂlng, except - during wmdy
weather.
185.. The increase of evaporatlon with the diminution
~ of atmospheric pressure, may be caused by the particles
more readily separatmg from the surface of the water.
136. Evaporation -in vacuo (i.e. under an exhausted
receiver) is from the weight of the atmosphere being taken
off, when the particles of water are buoyed up one:upon
_anotlier by their electrical ‘coatings. ~ This may appear an
insufficient explanation of the cause, but I believe no one
who has witnessed the surprising effects of electricity in

' vacuo, as exhibited by the aid of Ruhmkorfi’s induction
coil, can doubt the sufficiency of electricity to produce such
effects, however they may dxspute the grounds on which I
explain the phenomenon.

137. I am not aware of any experlments on the subject
having been tried, and if not, it may perhaps be possible
. to show electric effects from evaporation in vacuo. By an
arrangement somewhat similar to that in Mr. Pattinson’s
experiment (122), it is not improbable that the spark be-

tween the points of the wires might be produced, or it

may be possible that a luminosity might be exhibited from
the rising of the particles within the receiver, especially if
evaporation could be prevented by mechanical means till
the receiver is nearly exhausted of air.

138, As heat expands the particles of water, it increases
-their capacity for electricity ; therefore, all other circum-
stances being alike, the greater the heat the greater its
evaporatlon

"139. Here it may be well to consider the different effects
of heat; as attributed to it in this theory, and those to
which I have alluded. In the theory that evaporation is
caused by the absorption of latent heat, it is assumed that
water in evaporating takes a form materially differing
from its previous condition, or that the heat absorbed ex-

pands the particles so enormously as to render them buoy-
ant in air.
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- 140. On the theory now proposed: no such enormous
expansion is necessary. -A coating of less thickness
than four 'and a quarter diameters of the particle  would
render it sufficiently buoyant to be carried off by the wind,

as’in evaporation from ice, or water at very low tempera- .

tures, as such a coating would give a buoyant power of

857, water being 860 times heavier than the air at a tempe- -

rature of 60° at the sea level : -this may be con51dered the
natural coating of the particle, and an expansmn of one
quarter of a diameter of the particle would give a buoyant

“power of 1000, sufficient to make ‘it float at about a mile

high, which is considerably above thé ordinary héight of
clouds’ (156); therefore a ‘less expansion would suffice
for raising vapour ‘to the_ height of lower clouds, and
the rising of vapour to greater helghts may be fur-
ther accounted for (160). ,

On the Cause of Dew, Rime, &ec.

141. Vapour when rising thus expanded, if condensed
by any object, would become surcharged by the contrac-
tion of its surface, when bemg attracted by the condensing
body it would form dew or rime. .

142. There can be no doubt that the dep051t of dew is

caused, as ‘shown by Dr. Wells, by the condensatlon of

vapour from the lower stratum of air, owing to the cold-

_ ness resulting from the radiation of heat from terrestrial

objects; still we have the experiments of Beccaria, which
show that electricity is developed during its deposit.

143. Trees often drip with water at a time when there’

is no rain, or apparently any other prec1p1tat10n of vapour;
and this to a degree which seems more in’ accordance
with the effects of attractlon than of mere condensatxon

while the forms in which rime is deposited on the points
and edges of leaves, &c. seem to be inexplicable except
from the agency of electricity. ‘The points and most pro-
minent parts of objects are often fringed with rime, while
the flat parts are quite free from it; this is particularly
the case with iron bars and the like, and several 1nteres'c-
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ing- examples of such deposits of rime are shown in the
plates on meteorology in the Encyclopedia Metropolitana..
-144. During the late autumn I saw some beautiful and
interesting illustrations of this subject, in the form in
which rime was deposited on the leaves and trees near the
new University -Museum. : The ivy leaves being very
smooth, were completely margined with a fringe of rime
" on all their edges, while the middle of the leaves was
quite free from it; at the same time the dead leaves of
the hornbeam, although intermingled with the ivy, being
crumpled . and ‘rough, were completely. covered with the
rime; even on surfaces which were so inclined that the
- frozen particles could not have fallen on them. -
. 145. The beantiful and delicate spicular form of snow
crystals seems to favour. the idea of electric action in the
“arrangement of the minute particles of which they are
* composed.”

. On the Cause of Fogs, and the Visibility of Vapour.
© 146. Fogs are known at times to be electrical. In the
“high and open situations chosen by Beccaria for his obser-
vations, they were positively electrified; but Mr. Cross
and others have found them in both the negative and
positive condition, This apparent contradiction does not
in fact tell against the theory, as fogs are probably owmg
to different causes.
147, A fog may be caused by vapour rising freely, as
from rivers, &c. being condensed at a slight elevation by
the coldness of the air; when, from its proximity to the
carth, and the conducting state of the atmosphere, it
would at once lose its surcharge of electricity, and then -
sinking. again amongst the still. rising: particles, would,
together with them, become visible, and form fog. '
148. Or in calm weather a fog may be formed by the gra-
dual sinking of vapour floating in the air, as from the evapo-
_ ration from ice, or water at low temperatures. Such fogs as
" these would probably give no sign of clectricity, either
" negative or positive, as the particles would be in a like
clectric condition to the earth itself.
- RowELL. I
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149. When a fog is rising, or rather evaporation. is

“going on from a fog; from the-direct effects of the sun

or warm air, the negative sign would' be exhibited, as the
particles of vapour would then be expanding, and conse-
quently taking up electricity. And fogs of -any descrip-
tion may be rendered negative by the inductive effect of
clouds. :

150. But when fogs are caused by the condensation of
the vapour of the lower air, from the cooling down of the
earth’s surface, then I believe that positive electricity only
would be shown, if any signs were exhibited.

On the Visibility and Invisibility of Vapour. 4

- 151. T have already (21) stated my belief that there is
really no essential difference in the condition of vapour
when visible -or invisible, and that its being invisible is
simply owing to its being so diffused. I allude more par-
ticularly to vapour of the atmosphere, and not to steam
generated at high temperatures. There is no proof of any
cause operatmg during evaporation which can effect a
change in the molecular condition of water: what is to
produce such a change ? Evaporation will go on from ice,
or water at very low temperatures, and we have no reason
to suppose that the process of atmospheric evaporation
essentially differs in any way. A trifling increase of heat
accelerates evaporation, a slight diminution of temperature
reducing the vapour again into its previous condition, with-
out any sign of chemical or other effects, except electrlca]
during the process.

152. On the other hand, dense bodies of vapour are
visible at high temperatures, and yet the same vapour
becomes invisible when diffused in air; the vapour:of the.
breath of animals is visible close to the mouth, but in-
visible as it floats away to where 1t is more condensed but
more diffused.

153. Glass, ice, &c. are transparent as water, but when
minutely divided, the particles, in aggregates, are white
and opaque, although each separate particle must be as
transparent as the mass from which it was first broken ;
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and I believe that a particle of glass, if of the same form,.
and not bigger than a particle of vapour, would be equally
transparent and invisible if floating in the air.

154. For the foregoing reasons I believe that vapours
are at all times in reality the same; that is, particles of
water coated more or less with electricity, and invisible at
all times, except when the particles become within a cer-
tain limit of prommlty What these limits may be, I can-
not guess; but it is a question which may perhaps admit

of a mathematical solution, i.e. the comparative distances -

transparent globules must be from each other, to prevent
such a refraction as would intercept the rays of light, and
render particles of vapour visible.

On the Formation vof Clouds.

155. Vapour rising into the air, and becoming con-
_densed, would, if insulated, still retain its electricity, which
would not only- buoy it up, but, by forming an atmosphere
around each particle, prevent the formation of rain; and
the greater the expansion of the vapour on rising, the
greater must be its coating of electricity when condensed,
and the height at which it would be buoyant.

156. As the temperature is reduced at.the height at
which clouds are formed, vapour must be condensed at
- such heights, and the formation of clouds is generally not
owing to the sudden condensation of the vapour, but to
the escape of its electricity, thus allowing the particles of

vapour to be brought nearer together by the attraction of

aggregation, and thus become visible. Another cause may
produce clouds; to which I will allude hereafter (159).

-1567. Clouds vary greatly in height, but “the inhabit-

ants of level plains, are less able to judge of the altitudes
than those of mountainous regions. In Switzerland, for
example, the mountains -are often- intersected in- calm
‘weather by horizontal bands of clouds, whose inferior
borders are so uniformly terminated as to render the
smallest change of altitude immediately perceptible. .So
constant, indeed, ‘are these conditions of elevation, at

times, that they. remain for days suspended at nearly the
H2
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same height. Mountains therefore, or points on their sur-:
faces, form a sort of scale’ by which at least the elevation
. of the denser sort of clouds may be measured; but we
know of no example of its application, except the limits
observed by Mr. Crosthwaite on Skiddaw; the compara-

tively low elevation of that mountain allowing a great
proportion of clouds to pass above it.- These observations,

continued for five years, are contained in the followmg
tab]e » -

: 1 | Number |} - . . - | Number
) Altitude of Clouds. of Clouds. Altitude of Clouds. of Clou d?'

From 0tol00yards 10 |[From 600t0700 yar(is 416

100 200 42 700 800 367
200 300 . 62 800 900 410
300 400 179 900 1000 518
400 500 374 © 1000 1050 419
500 600 486 Above 1050 yards | 2098

*“ Hence it appears, that the number of clouds above 1050
yards were to the number below that elevation, as 2098
to 3283, or as 10 to 16 nearly. ”—En('yclopwdm Metropoh-»
tana, article Meteorology.

158 On the foregoing extracts and table I Would ob-
serve, that the elevation of only the lower surface of clouds
is given, and we have no knowledge of the depth of them.
And as ‘many clouds may have passed when hidden by
clouds at a lower level, it is certain that the table does not
give a fair estimate of the proportionate height of clouds;
still it shows the low elevation of many clouds; and that
they at times attain the height-of five miles and upwards
is shown by the observations of Humboldt Boussmgault

. Gay Lussac, and others. o e '
* 159. One ground for ‘objecting ‘to rex1st1ng meteorolo-
gical theories is, that they will ‘not ‘account for the ascent
of vapour to great heights, and its suspension there when
condensed. There can be no-doubt that vapour is carried
to great elevations by the superior trade winds, and-from
volcanos, &c.; still I believe ‘that particles of water, -or
vapour, could not remain suspended for a moment at such
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heights unless. by the ‘aid of electricity or some similar
agent; and the vapour from such sources would not suf-
fice for the rains in mountainous regions, or the héavy
" rain, hail, &ec. which sometimes falls in lower dlstrlcts but
‘evidently from great elevations.

160. I submit the following explanatlon on the subject:
Vapour from the earth would rise with a coating of elec-
tricity in proportion to its expanded surface, and in ac-
cordance with the electric state of the earth ; such vapour,
if .condensed and forming a cloud, would become sur-

" charged with electricity in comparison- with- the * earth.
Now the sun shining on the cloud would cause evapora-
. tion from it, and the particles evaporating would rise from
the cloud with a surface again expanded, dut coaled with
electricity in accordance with the surcharged state of the
cloud, and would consequently be buoyed up to a greater
height than before; where another cloud may be formed,
and thus the like process may be repeated again and again,
and vapour be carried up to as great.a height as it is
ever known to attain. That evaporation does go on from
clouds is certain, and I believe the process I have de-
scribed is not an extraordinary one, but of continual oc-
currence, and is one of the most beautiful provisions of
nature, being the means by which water is raised to the
"necessary height, from whence it is wafted away, till, in-
tercepted by the higher mountains, it again falls, and
passes off at once to supply the parched plains with
moisture, or is locked up in nature’s stores, the SNOWS
and gla.c1ers, till the time of need.

. On the Cause of Ram

161 As various causes seem to operate in produclng
- rain, I will take this subject under -two heads, ordinary
rain, and thunder rain: by the former.I mean rain from
thin and generally stratified clouds; by -the latter, rain
from cumulus clouds when of great depth, whether at-
tended by thunder or not. T
162. The precipitation of ordinary rain is, 1 believe,
generally attributable‘to the escape of the surcharge of
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electricity from the clouds, when the particles of vapour
attracting each other form larger bodies, and fall as rain;
therefore mountains or high hills cause rain by conduct-
ing the electricity from the vapour, and not by condensing
it. Rain is also caused by the air between the earth and
clouds becoming charged with vapour, so as to conduct
the electricity from the clouds. Extensive fires, volcanos,
" &e. produce clouds and rain by the rising smoke, heated
‘air, &c.” conducting the electricity from the accumulated
vapour and clouds ‘to the earth; and I believe that any-
thing that would conduct the surcharge of electricity from
the clouds would cause rain: and therefore, in a paper
- read at the meeting of the British Association at Glasgow,
in 1840, I suggested, as a mode of testing the theory, that
the raising of electric conductors to the clouds by means
of balloons, would enable the surcharge of clectricity to
escape, and thus cause rain to fall; and I have no doubt
that, under favourable circumstances, clouds may be
caused to form by withdrawing the electrlclty from the
invisible vapour by similar means.

163. In confirmation of my views on this point I sub-
mit the ‘following extract from a letter received from
the late' Mr. W. H. Weeks, of Sandwich (Dec. 27, 1842),
a gentleman whose name must. always stand high as an
atmospheric electrician. The letter was sent to me:in
reference to my pamphlet On the Cause of Rain, &c. with
a suggestion for causing rain af will, 1841,

164. “From very early life I have been an assiduous
experimenter with electrical kites, atmospheric exploring
wires, &c. Now I beg to assure you that it has several
times happened, that when my kite has been raised imme-
diately under a distended light fleecy cloud, at a moderate
elevation, and ‘a free current of sparks has passed from
the apparatus during some ten or twelve minutes, I have
suddenly found myself bedewed with a descent of fine
misty rain, and on looking up have seen the cloud upon
which I was operating surprisingly reduced in magnitude.
The same thing has also occurred when experimenting
with kites during the prevalence of a cirrus haze, on a
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sultry summer’s day. You perceive how, intimately the
above facts are connected with, or are rather conﬁrmatory
of your theory.”

165..The above statement is strongly in favour of my
views, not only as regards the theory, but also as to the
importance of the proposed balloon experiment ; for elec-
tric conductors raised by kites would not reach the clouds,
and could only be raised .in windy weather, when the
clouds must every moment be passing away from such
apparatus ; and if conductors so raised could produce such
results, much greater effects may be anticipated from the
influence of conductors which could reach the level of the
clouds, and be raised in calm weather.

On the Bxcessive Rains of Mountainous Districts.

166. Returning to a consideration of the effects of

mountains in producing rain. The fact that they do so

has been noticed for ages, but such effects-were generally

- attributed to the lofty mountains of other countries; and

qulte a sensation was produced by an account of the enor-

mous quantity of rain which falls amongst the mountains
and lakes of Cumberland and Westmorlandk,

.The following was the fall of rain in 1845 —

~ inches - _..inches
‘Whitehaven 4920 \Westdale Head 10955
Keswick 6220  Grasmere 121-00

Loweswater Lake 69-54 Gatesgarth 12418

Ennersdale Lake %76-88 Seathwaite ,
Buttermere Lake 87-48 in Borrowdale}wl.s7 '

Langdale Head 92:62 in seven months.

At Seathwaite there were 81 days on which the fall of rain
was between 1 and 2 inches, 5 days between 8 and 4
inches, 1 day between 4 and 5 inches, and 1 day between
6 and 7 inches. - Of the total rain measured in Borrowdale
~in 1845, 106'58 inches fell in the months of January,
March, August, October, November, and December ;

nearly 46 inches of which was in the two latter months.

'k Read by J. F. Miller, esq., at the Meeting of the British
Association at Southampton, 1846.
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- 167. The following returns of the rain in.various places

in 1845 will serve for comparison with the quantltles in the
lake district :~—

_ inches . © . inches'
’ Kendal 5334 Leeds = - 25°58
- Manchester ~ 41-41  Boston, Lincoln- }2 s 6,9
Helston, Cornwall 37-80 shire o
Liverpool 34-06 Kelso, Roxj }2 442
Carlisle 31-28 burghshire L
Davenport - 29-81 Chiswick - 2380
Doncaster 2919 Oxfordl. ... .. . 21-41
Birmingham 2895 Durham -~ 1980

The fall at Seathwaite was more than three times the
quantity measured at Whitehaven, one of the wettest
towns in the kingdom. It exceeded the fall at Leeds by
six times, and-that of Oxford by seven times.

168.  An inspection of a map of the country will show,
that the wettest portions of the lake district-are . those
situate at the head or eastern extremity of those valleys
formed by the highest mountain ridges, amongst which
are the Great Gabel (2025 feet above the sea), Sca Fell
(8166 feet), Glaramara, Red Pike, and Honister ; the first
being apparently the grand central point of attraction and
condensation for the warm vapour arriving in a south—
westerly current across the Atlantic.

169. « The great difference in the fall between places
closely contiguous to each other is very remarkable: the
proportion which obtains between Ennersdale Lake, and
a farm house about one and a half mlle distant, is as 2 to
1 nearly. '

~170. ¢ Loweswater, Buttermere, and- Gatesgarth are all .
in the same line of valley, surrounded by the : same ridges
of mountains, and are each distant about two mxles from
the other. Buttermere exceeds Loweswater by 18 mches,
or one-fourth; but Gatesgarth at the head ‘of . the valley,
exceeds Buttermere by 3665 inches, or nearly one-half.
Here the difference between the head and foot of the

} The alverage fall ‘of rain at Oxford is about 27 inches.-
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‘valley, in.a distance of 4 or ‘miles, is 54-588 inches.

But the great increase in the fall towards the head' of the.

valley is appreciable at much more limited distances.”
‘See Report of British -Association; 1846, ’

"+ 171. At the meeting of the British Association in 1852, A
-report was presented by Lieut.-Col. Sykes on the mean tempe-
rature and fall of rain at various stations in the Bengal Pre-
‘sidency, from official registers, for the year 1851; which
‘shows, in the case of Cherraponjie, the effects of elevation
in producing rain, and probably ‘the most extraordinary
‘amount of rain ever recorded in one year. - “ At that sta-

" . ‘tion the almost incredible quantity of 610-35" inches of

rain fell in 1851, and,” said the’ Colonel,  that this de-
luge is no mistake of record; independent of the official
report which I quote, I have a letter from Professor Old-
~ ham in confirmation ‘of the fact, who spent the monsoon
of 1851 at Cherraponjie, and kept a separate record: 50
feet 10 inches depth of water may be said to have fallen,
chiefly in seven months;” the rain from November to
‘March, both inclusive, being only five inches and three
tenths. - The explanation of this fall at Cherraponjie is

in the physmal circumstance connected with its location.”

The- station -is on the Cossya ‘hills, at 4500 above the sea,
- facing the south; and the vapour from the Bay of Bengal,
floating at. a height of about 4500 feet, passes over the
plams of the Deltas of the Ganges and Brahmapootra, ‘and
first impinges upon the Cossya hills, and is 1mmed1ate1y
condensed by the lower temperature of the hills.”

172. This excess of rain on ‘mountains (which I attri-
bute to their conducting the electricity from the clouds) is
very generally attributed to the coldness of the mountains
condensing the vapour of the atmosphere, thus causing its
precipitation ; and both Mr. Miller and Colonel Sykes
adopt this ‘view in reference to the foregoing facts. I
know of no proof of mountains being colder than the air,
at a like elevation over plains, and at a- distance from
them. I believe the contrary to- be the fact and that the
low temperature of mountains is in a great measure the re-

RoweLn., - I
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_sult of atmosphemc mﬂuence, and. consequently . that the

vapour of the air cannot be condensed by them. - SR
173, Boussmgault in the account of his ascent of Chim-
borazo, states, that when at an elevation of 18,634 English
feet, ¢* It-was a.quarter past one, and we experienced con-

siderable cold. The thermometer had fallen to 323° Fahr.

'We were enveloped in a cloud. . The hair-hygrometer in-

“dicated 91°5; and after the eloud was dispersed it re-
mained at 849, Such a degree of moisture at so great a

height might. appear remarkable, but 1. have often re-

‘marked the same thing on the Andes, and it. seems to be
quite capable of explanation :— During the day the surface

of the snow 1is “generally moist ; the rock Pefna Colorada,
for example, was quite wet; the air immediately round
the glacier might therefore be saturated with moisture.
On Mont Blanc Saussure saw -his hygrometer stand at
between 50° and 51°, while the temperature was from
3210 to 3710 Fahr,”

174. When on the summit of the mountain, at. two
o’clock, “We were at an absolute height of 6004 metres
(19,698 feet), the greatest elevation to which, I beheve,
man has hitherto attained on mountains. . Tn the shade of
a rock the thermometer stood at 46° Fahr T sought, but
in vain, for a corner, in which I might be able to ascertain
the mean temperature of the station. . One foot under the
snow the thermometer stood at 82° Fahr.; Y but the snow

‘was in a melting state, so that it could. not afford any

other result. While we were occupied with our observa-
tions on Chimborazo, we had uninterrupted fine weather,
and the sun was so hot as even to annoy us @ little. . .
175, “The descent was difficult. After descendmo' 300
to 400 metres (984.to 1312 feet) we encountered a cloud,
A little, lower down it began to hail, and the air was thus

' conszderably cooled. - At the moment we again found the

Indians, who took charge.of our mules” (at an. elevation

“of 16,223 feet), “the cloud poured down upon us hail of

such a size, that we experienced from it pain both on our
hands and faces.” —Edinburgh New Phil. Mag., July, 1835.

-
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*176. From the foregoing extracts, it appears that the
N ‘temperatures observed were much hlgher than is generally
'asmgned to such elevations; and it seems ‘as if thecold-
-ness alluded to (173) was produced by the-cloud, and not
productive- of it. ~The hail also, which' was so cold as to
conszderably cool the air, could not have been produced by
condensation by a mountain on which the snow was melt-
ing, and on which the thermometeér indicated a tempera-
ture several degrees above the freezing pomt ‘but may
- have resulted from the escape of the electricity- from the
vapour floating around and above the mountain: and‘the
effect of the hail on the hands and face seems to show
that it must have fallen from a considerable elevation. -It
also appears that during the day the surface of the snow is
generally moist, and on the summit of the mountain the
sun was unpleasantly hot ; and this, at an elevation of 3%
miles above the level of the sea. From this it seems that the
temperature on the mountain must, during the day, be

_ considerably warmer than the air at a like elevation at a i

distance ‘from it; therefore the formation of clouds at
‘such times cannot be the effects of condensatxon, by the
mountam, of the vapour from the colder air.

"177.-In the extract below it is stated, in allusion to
Chimborazo, that the formation of clouds is very frequent on
the summit of snowy mouniains, particularly in fine weather,
and always some hours after the culmination of the sun;
consequently after the surface of the mountain has been
warmed by the sun’s rays. These facts tell against the
theory that mountain sproduce clouds by condensation,

-but greatly in favour of the opinion that they do so by
conducting away the electricity from the vapour ; as the
insulation of the ' vapour floating in the air- arourid the
mountain, would be far more complete with-the surface of
the snow frozen and dry, than when it is moist and the air
damp from evaporation going on from the mountain itself:
© 178. « With what interest does not one contemplate the
dxsplay, in so small a space, of all the chief meteorological
phenomena. - Here one of those immense broad- clouds,
which were by Saussure so well named parasitical clouds

12 -
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" (Schmarotzerwolken), begins to attach itself to the middle

portion of a trachyte cone; it adheres firmly to it, and is
not at all affected by the wind, however strong it may be.
Soon a flash of lightning darts. from the centre of this -
mass of vapour; hail, mixed with rain, descends on the
foot of the mountain, while its snowy summit, which the
st_orm canmot reach, is brilliantly illuminated by the sun.
At a greater distance rises a summit of bright shining ice;
its outline is delineated with sharpness on the blue heaven,
and all the peculiarities of its form are distinetly visible.
The atmosphere is of remarkable purity ; nevertheless the

~ snowy summit becomes covered with a cloud. The cloud

seems to come from the interior of the mountain,—one
could almost believe he sees smoke ascending; a little
later this cloud is nothing more than a thin vapour, and
then is entirely dissipated. . But not long afterwards it
again appears, merely once more to vanish. This inter-
mitting formation of clouds is a very frequent occurrence
on the summits of snowy mountains: it is to be seen more
particularly in fine weather, and always some hours. after
the culmination of the sun.”—Ibid. p. 89.

179. Now although Boussingault found the temperature
so high on the summit of the mountain, where he says
these clouds are formed, and this too at the time and
under circumstances similar to those which usually pro-
duce them, still he ascribes the formation of clouds to .
condensation. Humboldt, during his ascent of Chimbo-
razo, found the temperature so much higher than he ex-.
pected, that he was led to think the internal heat of the
mountain had an effect in elevating the temperature of its

,surface, and he found the temperature of the air was

340-88 Fahr while a thermometer, buried three inches in

- the.sand, stood at 42044 Fahr, . And yet, although the

temperature wags_ 80 high for the elevation, he was. sur-
rounded by mists and clouds during almost the whole time
of hls ascent ; and while descending the mountain, and still
at an elevation of 31 miles, “ it began to hail violently. The
hailstones were opaque, and milk-white, with concentric
layers,” To me it seems difficult to.ascribe this formation
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of ‘clouds and fall of hail to condensation ; and if the phe--
nomena be so ascribable, it must be that the vapour rising.

from the mountain was condensed by the coldness of the
atmosphere, and not the vapour of the air condensed by
the Jow temperature of the mountain.

180. In the Reports:of the British Association for the

years 1846 and 1848, there are two' papers- given by.

Lieut.-Col. Sykes, F.R.S., On the Fall of Rain, &c. on the

Ooast -of Travancore, and the Table Land of -Uttree, from

Observations of Major-General Cullen, Resident .in Tra-
vancore. 'Two places (between '8° and 9° north latitude)

are especially referred to, and the observations at those .

stations afford important points for consideration.

.181. Observations on the temperature and the fall of
rain were made at a spot called Uttree Mullay, thirty
miles E.N.E. of Trevandrum, a¢ an elevation of 4600 feet
above: the sea, simultancously with others at Trevandrum,
at an elevation of only 130 feet, from the 23rd of June
until the end of December. The fall of rain on the table
land was 164 inches, while the fall at Trevandrum was
only 36 inches. The variation of the monthly mean fem-

perature at Uttree Mullay was only from 64° to 67° Fahr.,

and at Trevandrum from 773° to 781° Fakr.

Mean Téniperature{ Fall of Rain.

Trevan- |- Uttree Trevan- Uttree

drum, Mullay. drum. Mullay.

1844 ° o inches | inches
June 23 to 30 78% 66 03 3
July. 78 67 - 33 265
August 781 64 5% | 23
September. *. |.. 782 ..66 .32 6. )
.October. - .o78L |, 66 || 153 411 -
November 775 65. || 4% |- 36% -
December T 78 ' 64 2% 23
Mean tem. | 78% | 653 |[To.36 | 164

182. ¢ There appear to have been two occasions when.
the fall of rain at Uttrce Mullay was remarkable in twenty-
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' fotix‘ hours.- - On’ the 10th of - October there fell 9 mches,
,'and ‘on the 26th ‘of November there fell 74 mches, but

there also fell - from ‘the 6th to.the 10th of October in-
clusive, 29 ‘inchés, or more than falls in most of ‘the
counties in England in a twelvemonth. - The f'xll of rain
for the whole year was 290 inches.”

- 183, The following is an abstract of the meteorologxcal
registrations of the temperature and the' fall ‘of ‘rain at
Uttree Mullay, and the fall of rain at Trevandrum, during
the year 1846 ; - the temperature at Uttree Mul]ay being
recorded thrlce daily, 6 a.m., 2 2., and 6p.a, and the'
fall of rain tmce dally, 6 a.M., and 6 p.M. =

| Trevan-
Uttree Mu}llay. » o | Cdrum.
Thermometer. ||- -~ -Fallof Rain. - | Raii

6a2pan6 || Night* | Day*, Total.

1846 .o ° ° inches inches inches “| ° inches -
Jan, | 574|663 621 3050 | 1.600 | 4:650 | 0100
Feb, | 60 | 682 64 0-400 0050 0450 |, . . .
Mar. 62317111 642 0550 | 0175 0725 |- 1075
Apr. [ 642732167 || 40501 5:550 | 9600 | -4025
May | 643| 72 | 662||-17-100 | 19700 | 36:500. 1 11-425 -
June | 64% | 66%| 642 ( 28-700.{.23-300 | 51-050 | 17:750
July {63 |68 |67 17-400 | 14675 | 33:325 6925
Aug.| 65%| 68%] 661 8850 | 13:375 ‘| 22125 3675
Sept.| 6541 701{ 6611 1-925 |- 5600 7:325 0750
Oct. 64568 |64%(] 23750 | 14:200 } 38250 | 17.500
Nov.| 631 | 681 |65 10-325 | 11-:350 | 21°675 4400
Dec.| 60 |662! 632 7:100°1 3200 | 10-200 | .2:300

Mean| 63 | 69 | 653 || 133200 112-775 | 235875 | 69925

Mean 65%.

% The headmgs of the day and night columns ave rczersed in the Reports
of the British Assacmtwn which is evidently a "mistake. ’

184 “The average annual fall of rain upon this - ele-
vated table-land during the day and during the night does
not appear to differ materially, although it is somewhat in
excess at night, being 128-2 inches to 1127 inches during
the day. ‘The excess at niglit, however, does not hold good
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through all the months. In May there were 17-1 inches
by night and.19'7 inches by day; in August 88 inches
by night and 133 inches by day;-and in-September 1'9
inches by night and 56 inches by day, While 2358
.inches fell in 1846 at Uttree Mullay, 69:9 inches- only
fell at Trevandrum. 7:6 inches of rain fell.on the 25th
.of May at Uttree Mullay; and there:are three instances
of a daily fall of nearly 7 inches.”

. 185, ¢ The monthly mean temperature at Uttree Mul-
glay, ‘at 6 .., varied only.from 575 in January'to 65975
in August and, September; at 2 2.M. from. 66°:25 in June
to 78°:76 in April; and at 6 p.a. from 620:25 in January
to 67° in the months of April and July. The annual mean
of the -respective hours was 63°, 69°, and 65°18, and the

 mean of the whole observation 65°°7. The extreme annual

range of the thermometer was from 555 on the 31st of
January and 15th of December to 78° on the 6th, 21st,
and 22nd of April, so that the ewtremes differed from the
mean by only 1002 minus and 128 plus. "With such
limited general results it would be superﬁuous to par-
ticularize monthly variations of temperature.”

. .186, The foregomg reports show the effects of elevatlon
in producmg rain; but although Uttree Mullay is’ 4470
feet more elevated than Trevandrum (181), the difference
in.the mean temperature of the two places in 1844 was
but 18°, showmg a decrease of temperature of not more
than. 1° for every 344 feet of elevation; therefore the
great precipitation of rain at the former place cannot very
well be. attributed to the vapour being condensed by the
low temperature at that elevated station.. .It may also be
well to remark, that the fall of rain'by, night is very little
in excess of that by day, and in some months more rain
fell by day than by night. .

187. The very equable temperature at. Uttree Mullay
tells: strongly against the theory (40) Whlch attributes the
fall of rain to a mixture of various.currents of air of un-
equal temperatures; as it is shown that the temperature
throughout the whole year is subject to very, little ch'mge.

e i, .
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188. The excessive fall of rain at- Cherraponjie (171)

-(and mountains in genera]) suggests another point for coil-

sideration. - Ttisa generally received opinion that a great

‘amount of heat is set free on the condensation of vapour ;

it may be so, but I have no opinion on the subject : how-

ever, if this is the case, the fact may be advanced as
-another objection to the theoty that mountains produce

rain by condensmg the vapour floating in the air; as from
the excessive fall of rain on that mountain the tempera-

_ture ought to be raised in ‘a very great degree by the heat

set free from such-an enormous condensation of vapour.
Then comes the question, how or why does condensation
continue to go on under such circumstances? as the libe- -

rated heat ought to put a stop to all further condensation.

But the fact does not tell against the theory that moun-
tains produce: rain by enabling the electricity to escape
from the already condensed vapour, as the damper and
warmer the air, the more readily would ‘it conduct the
electricity from all vapour floating in the neighbourhood."
189. Dr., Dalton, adopting Dr. Hutton’s theory on the
cause of rain, gives the following explanatlon on the sub-
ject : “High mountains produce rain, I think, unques-
tlonably from ‘their obstructing the horizontal currents of
the air, and causing them to ascend into the higher re-
gions of the atmosphere, by which airs of different tem-
peratures mix together. ”—-Edmburgh New Plnl Journal
July, 1833. o
~ 190. Assuming Dr. Hutton’s theory to be correct,- this
explanation might be considered a fair solution of the
question; there can be- no -doubt that much vapour may
be carried upwards by currents of air so generated ‘but so
far it is equally apphcable to the theory I advance; still T -
believe the excessive rain on mountains cannot be satis:
factorily accounted: for in that way: and the fact (157)
that clouds on the sides of mountains will remain at the
same elevation for days together, seems to tell agamst the
existence of such upward currents prevailing in any great
degree; and that clouds do so retain their position has
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been remarked by many observers, and amongst them
Saussure, who, as already stated, named such clouds para-
sites, from their sticking so long in one place (178).
-191. The fact just alluded to, of clouds seemingly re-
maining at one spot on the side or.top of a mountain, has
_been explained as owing to the constant accession of fresh
vapour to.the cloud, thus compensating for the precipita-
tion going on; so that,in fact, it is not continually the
same cloud, but the continual formation of one.

_On the Diminished Fall of Rain in elevated rain gauges.
192. Although there is an excess of rain on mountains
and their immediate neighbourhood, yet it has been proved
that more rain falls on the ground (at low levels) than at
any height above it, the quantity received diminishing as

the gauges are placed higher and higher above the earth.
198, Dr. Heberden -had three rain gauges‘constructed
precisely similar ; one he placed on the roof of Westminster
Abbey, another on the top of a house, considerably lower

than the first, and the third on the ground in the garden ;

and a year’s observation gave the following results :—
-Gauge on the roof of the Abbey 12:099 inches
* Ditto on the top of the house - 18189 —
Ditto on the ground = . - - 22608. — . ..
M. Arago found, from observations' during twelve years,
that on the terrace of the Observatory at Paris the annual
fall of rain was 19-88 inches, while in the court, 71 feet
lower, the annual depth was 22:21 inches. The experi-
ments of Professor Phillips and Mr. Grey at York for
- twelve months (1833-34). gave the following results as
the fall for.the year:— -~ R I

. On York Minster, 212 feet above gi’ound ~ 14'963 inches .

:On the Museum, 42 ditto:~. -~ -0 o0 198520 —-
“On theground - ..o 25706 —.
Showing that the rains inereased above 70 per cent. in fall-
ing 212 feet, and at a rapidly increasing ratio. .

194, - This phenomenon has been explained as caused by
the coldness of the rain-drop condensing the vapour on to
its surface; but I cannot think this alone will account

RowELL. K




66 On the Production of Cumulus Clouds,

for the very great increase, as the rain-drop would ouly
condense and be increased by the vapour on which it
might fall. The theory I propose will assist this expla-
nation, as each drop of rain in falling from a cloud must,
according to the theory, not only be increased in bulk by
each particle of vapour on which it might fall, but would
be further increased by attracting to itself ‘every other
particle of vapour which may be floating within the sphere
of its electrical attraction, and charged more or less than
the f’xllmg drop Wlth electrlclty

On the Productzon of O'umulus Clouds, T/mnder Rams,
and Hail, '

195. Thunder rains (as I have denominated them, p. 161),
and the clouds producing them, are, T believe, attributable
to causes somewhat different froni those producing clouds
and rain of a lighter and more ordinary character; and I
submit the following in explanation of the formation of
cumulus clouds. Vapour rising during calm and warm
weather would rise to the height in the air at which its
electric coating would render it buoyant, and it is easy to
conceive, that if evaporation went on very rapidly, as in
sultry weather, vapour might accumulate to such a degree as’
to bring the air into a conducting state as far as the mass
of vapour might extend ; the distribution of electricity over
the surface of the vaporous particles would therefore be
equalized, but its distribution throughout the mass of
vapour would be disturbed; for the more elevated, most
condensed, and- higher charged vapour would lose a part
of its electricity, and consequently have its buoyancy di-
minished ; while the lower portion of the vapour would be
rendered more buoyant by its electric condition:being in-

creased ; and these opposite tendencies, i. e. of the higher = -

vapour to sink and the lower to rise, would bring the par-
~ ticles into such a degree.of: prox1m1ty as would render »
them visible, and form clouds.

- 196. A cloud:thus formed would increase on -all sides
by attracting other vapour, as both the electrical attrac-
tion, and the attraction of aggregation of the vapour of the
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cloud, would bie increased by its being thus collected into
a mass. Very dense clouds may thus be produced, highly
charged with electricity, and occasionally at elevations far
above that at which clouds most generally form. ,

© 197. A cloud formed as above may be of great depth; and
as the density of the air in the lower portion of such a
cloud would be much greater than that in its upper part,
and as the electricity of the cloud would diffuse itself
equally throughout the whole mass of vapour, it follows
(as already stated), that the vapour below a certain level
would have more electricity than sufficient to support it,
and consequently would press upward ; while all the va-
pour above that level would be deficient in buoyancy, and
press downwards; and although the electrical repulsion
(i. e. electrical coating) of the particle may be sufficient to
prevent rain at the edges and thinnest parts of the clouds,
yet the pressure at the greatest depth of the cloud may be
sufficient to overcome the repulsion, and form rain.

198. Again, as the particles of vapour in the upper part
of the cloud would be most deficient in buoyancy, inde-
pendent of the pressure before alluded to, they would have
a tendency to unite into drops, when, in falling through
the mass of vapour below, they would increase in bulk, and
form heavy rain. - . " S

199. Rain produced by the above causes may take place
at much greater elevation than that caused simply by the
gradual escape of the electricity of the vapour, which will
account for the formation of hail: thus a cloud may be
wafted from a warm to a colder region, and although the
cold may be sufficient to freeze all the particles of vapour
at the exterior of the cloud, the radiation of heat would be
prevented from the central part, where the vapour would
remain unfrozen. ' Rain formed in the middle or upper
part of such a mass of vapour would increase in size in
falling through the dense vapour of the lower part of the
cloud; it would be instantly frozen on leaving the cloud,
and the drop, formed under such circumstances, being
large, would not only remain frozen while falling through
the warmer strata of air to the earth, but would also in-

K 2
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crease in size by rxttmc‘cmg to itself “other- vapour, but
snow or rain falling from thinner parts of the cloud, being
in smaller drops, if frozen in the hlgher regions, would he
melted in falling through the warmer air; and thus, as is
often the case, there may be hail, with rain or snow fall-
ing at the same time from the same cloud.

200. The very heavy and destructive -hailstorms whlch
sometimes occur may be otherwise accounted for (242);
the foregoing is offered as an explanatlon of such hail-
storms as generally occur in early sprmg, and such as those
described by Mr. Sturgeon (105) in “reference to-his kite
experiments.  Such storms are often accompanied - by

lightning ; sometimes a single flash may occur, with very

startling and heavy thunder; or flashes  may follow in
succession, but with longlsh mtervals. To thls phenome-
non I will now direct attention:

201. The description I offer of the formatlon of cumu-
lus clouds affords an explanation of the cause of light-
ning; as the electricity, being as it were pressed out of
the cloud, would accumulate on the surface, and strike off
either to the earth or other clouds not so highly charged.

202, It is a questlon with many why a cloud does not
give off its: whole charge at once, and why there should be
a succession of flashes of lightning from the same cloud ?
The theory, I believe, will afford an eXplanatioh of the
cause. . Successive discharges of lightning are probably ow-
ing to various causes, and may be produced by the clouds -
being brought over some object exerting a more than or-
dinary attraction on the electricity of the cloud; or by a
change in the form of the cloud bringing it within a strik-
ing distance of any object ; or by the approach of a cloud
not so highly charged ; and similar causes. -~ But I believe
the - principal cause of “successive “flashes- from the "same
cloud is the agglomeratlon ‘of its particles, and the forma-
tion of rain.” Thus, taking as before (70), the 200,000dth
of an inch as the diameter of a particle of vapour; and the
40th part 'of an inch as the diameter of a drop of rain, it
would take 125,000,000,000 of such particles to make such
a drop ; but the capacity of the rain-drop for electricity, i.e.
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) its surface; would only equal that of 25,000,000 of the par-
ticles of vapour, or the 5000dth part of the whole; there-

“fore on the formation and fall of such a drop of rain it would.
~ only take with it from the cloud the 5000dth part of the elec-.

tricity sof all the partlcles of which it may be formed ; the
remainder being. dispersed through the remaining vapour,
and consequently increasing the electric charge of the
cloud; as the rain in falling would only take with it a
* charge of electnclty in proportlon to its extent of sur-
face. :
/208, The foregomg expla.natlon I beheve will especzally
apply to hghtmngs from lofty and insulated clouds, and

which oceur during such hailstorms as are alluded to in |

paragraphs 105 and 199. It may also account for the disper-
sion of clouds after rainy for if the electricity does not, by
" some means, escape from the cloud in so great a proportion
* as the accumulation goes on through the formation of rain,
the electricity must increase so as to stop the formation of
rain; and may disperse the cloud altogether, through the
increase of the electricity of the particles of vapour.

-204. I believe that in heavy thunderstorms, and in fact
at all times when the lower clouds have.but a slight ele-
vation, the electricity which passes from the clouds in
hghtnmg is ‘but- trifling- When compared -with- that which
is conducted from them by rain, damp air, &c. ~This sub-
ject is discussed in 211 and the following paragraphs. -

-205. Respecting the phenomena of thunderstorms; al-
though I have carefully observed them for so many years,
whenever an opportunity has occurred, still it has been
under disadvantages, Oxford being so situate as to afford
but few facilities for meteorological observations. I believe
the beginning of the formation of a thunder-cloud to be as
T have desccribed that of cumulus clouds in paragraphs 195
and 196. The formation of a cloud may be confined to a
comparatively small space, or spread over a large extent
of country; but the accumulation of vapour, and the vio-
lence of the resulting storm, is generally in proportion to
the calmness and warmth of the weather preceding it, and
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the time the weather has been in those conditions. - I beg
to be understood as referring to the firs¢ formation of the
cloud, and not to the approach of a cloud already formed.
A thunderstorm may be ushered in by a violent wind, or
may come on with no such accompaniment; but, from all
I have seen, I believe thunder-clouds degin to form in calm
weather only m,

m ¢« The appearance of the heavens previous to and during a
thunderstorm was first diligently studied by Beccaria. . He -no-
ticed that a dense cloud was first formed, increasing rapidly in
magnitude, and ascending into the higher regions of the atmo-
sphere. The lower end is black, and nearly horizontal ; but the -
upper is finely arched, and well defined. Many of these clouds
often seem piled one upon the other, all arched in the same
. manner; but they keep constantly uniting, swelling, and extend-
ing their arches. When such clouds ris¢; the firmament is usually
sprinkled over with a great number of separate clouds of odd
and bizarre forms, which keep quite motionless. When the thun-
der-cloud ascends, these are drawn towards it, and as they ap-
proach’ they. become -more uniform and regular in their shapes,
till coming close to the thunder-cloud their limbs stretch mutually
towards each other, finally coalesce, and form one uniform mass,
But sometimes the thunder-cloud will swell and increase without
the addition of these smaller adscititious clouds. Some of the
latter appear like white fringes at the skirts of the thunder-cloud,
or under the body of -it; but they continually grow darker and
darker as they approach it.

““ When the thunder-cloud, thus augmented has attained a
great magnitude, its lower surface is often ragged, particular
parts being detached towards the earth, but still connected with
the rest.” Sometimes the lower surfaces swell into large protu-
berances, tending uniformly towards the earth; but sometimes
one whole side of the cloud will have an inclination to the earth,
which the extremity of it will nearly touch. When the observer
is under the thunder-cloud, after it is grown large and is well
formed, it is seen to sink lower, and darken prodigiously ; and at
the same time a great number of small clouds are observed in
rapid ‘miotion, driven about in irregular directions below it.
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206. A cloud formed under- such circumstances may be
enormous in height, and of great extent; consequently
" the conditions I have described may prevail in an extra-
ordinary degree. Such a mass of vapour may collect with
little or no atmospheric disturbance, but the formation of
" the first drop of rain may begin the storm. Such @ dense
cloud may be regarded as a vast mass of electricity, inter-
spersed with -minute particles of water, the former being in
the proportion of not less than 1000 to 1 of the latter.  Let
us consider what would be the consequences of a forma-
tion of rain in such a cloud; if but a few particles of va-
pour coalesce and form one drop, they would be no longer
buoyant (117), and the drop in falling through the dense
vapour would increase in bulk from contact with other
particles ; now as the electricity set free by this agglomera-
tion of particles would instantaneously pass away, either
to the surface of the cloud, or by dispersion amongst the
particles composing it, a vacuum or rarefied space would
result on the instant of the formation of rain, when the
sudden pressure of the surrounding portion of the cloud
into the’ space would bring more particles into contact,
and more rain would be formed.
207. As the electricity, liberated- by the formatlon of
rain, could not-readily be diffused throughout the cloud,
owing to the close approximation of the particles of vapour,

While these clouds are agitated with the most rapid motions,
the rain generally falls in abundance; and if the agitation be
very great, it hails.”

Dr. Thomson makes the following remarks on the first forma-
tion of a thunder-clond :—
" Alow dense cloud begms to form in a part of the atmo-
sphere that was previously clear:’ Tlns cloud ‘increases fast, but
only from' its upper: part, and spreads into an” arched form, ap-
pearing like a large heap of cotton wool. ~ The under surface is
level, as if it rested on a smooth plane.  The wind is hushed,

and every thing appears preternaturally calm and still.”— Noad's

Manual of Electricity, par. 262, 264.
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it must -in-a great measure pass off to the surface of the
cloud, where it might accumulate, till, overcoming .the
resistance of the air, it would fly off as:lightning ;- when =
the consequent concussion of the air would tend to produce
more rain, by driving the closely packed particles-of the
cloud into contact. Thus the formation of rain may be
the cause of lightning,.and lightning may produce rain ;
so that the very heavy rain which accompanies or imme-
diately follows a ﬁash of lxghtnmg may be both a cause
and effect.

- 208.: Rams sometlmes oceur of such an extraordmary '
character, and so enormous in amount, that the accounts
would hardly be believed if not resting on good authority.
The following is a list of well authenticated cases, selected
from various . papers in -the Reports of the Brmsh Asso-
- ciation.

33 inches fell in 26 hours at Glbraltar, Nov 27, 1826

31 22 -Joyeuse, Oct. 9, 1827.
~80 4 Genoa, Oct. 25, 1822,
18 T oML .Catskil, U.S.,July 26,1819.
14y - 18 . »»Vi{riers, Sept. 6,1801.
6 8 - - Geneva, May 20, 18.27
8L 217 min.-London,; August 1,-1846.-

‘In the case at: Glbraltar the' rain which fell in 26 hours
was -about equal -to- the average fall at Oxford in a. year
and a quarter; and in. the storm which visited London
on 1st of August, 1846, which must be remembered by
many persons, the fall of rain in 2 hours and 17 mmutes
was equal to the average fall in 6 weeks.

_209. Enormous as such rains appear, still I believe the -
theory proposed will afford a falr explanation of the causes
Vproducmg them. -Thus.a cloud formed as descrlbed that
is, piled to a great helght and with its _particles pressed
nearly into contact, may. ‘be vast in extent; and after sul-
try ‘weather the surrounding atmosphere also may be so°
saturated as to.be as.it were.¢ mass of invisible vapour.

Now as water.is 860 times heavier than the air at the sea
level, each particle of vapour, to be buoyant, must, toge-
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ther with its electrical coating,. occupy the space of an
‘equal weight of air; therefore the fall of an inch of ‘rain

" would produce a vacuum or rarefaction equal to that which

would be produced by the abstraction of 860 inches of air:
the space occupied by the vapour would, in fact, be greater
than this, as vapour would occupy a greater space accord-

_ing to its elevation; but as the density of the air decreases

with its’ height, the effects would be the same, that is, the
vacuum or rarefaction would be equal to that which would
result from the abstraction or annihilation of 645 cubic
feet of air, above every square yard over which such rain
might fall, and during the time it would be falling. -~

- 210. Rain from such a cloud as I have described could
not be otherwise than heavy ; and the heavier.the rain, the

: more rapid and extensive would be the production of the

vacuum’ or rarefied space, consequent on the fall of rain
and escape of its electricity; into which space other por-

- tions of vapour would be impetuously driven, and conse-

quently produce more rain. Another effect must result
from such heavy rain ; as, from its volume, it would readily
conduct the electricity of the cloud to the earth; and the
free escape of electricity from the vapour would tend to
produce more rain; while the pressure of the atmosphere
would drive more and more vapour into the vacuum every

moment. created ; - thus, the whole vapour of a district

may be driven to and discharged within a very ‘small
space.

, " On Electric Discharges from Clouds during Rain.

. 211, Although lightning is probably a¢ all times accom-

panied by or instantaneously followed by a heavy dash-of

‘rain, whenever it strikes from a cloud to the earth, still I

believe that’ during. ewcessive rains the electricity which

passes off to the earth in the form of lightning, is trifling

when compared with what is conducted from the clouds

" by the falling torrents of water. o '
-, 212. The storm in London on the 1st of August, 1846,

was tremendous as far as regards the fall of rain, and ﬂ(}\
effects of the hail. Three columns of the “Times” werc\\%

RowgLL, ; L
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full of details of the breakage of windows and skylights,
the bursting of culverts and flooding of various parts of
the metropolis. - It stated that « the damage at Bucking-
ham Palace was estimated at from £1800 to £2000 in
glass alone. At the houses of parliament there were seven
thousand squares of glass broken; at Cubitt's manufac-
tory, Millbank, twelve or fourteen thousand ; at Burford’s
panorama, Léicester-square, ten thousand ; and at Broad:
wood’s pianoforte manufactory eight thousand. In Re-
gent’s-quadrant every square was broken; and in many
streets scarcely a whole pane was left.”” The fall of rain
durmg the storm was, I believe, the heaviest ever recorded
in England in the same space of time (208). And yet, .
although the lightning was described as vivid, and the
thunder heavy, only three cases were mentioned of -inju-
rious effects from lightning; in two of these, chlmneys
only were struck, and in the other a window was injured,
and a woman standing by it had her arms and hands
burnt by the lightning. It seemed as if the falling tor-
rents of water were the best conductors, and all the lofty
buildings escwped

218.' In various other parts of the country heavy storms
occurred; in most cases the lightning was' described- as
vivid and frequent; but wherever the rain was very ex-
cessive, the lightning seemed to have been much more
harmless than is generally the case in severe thunder-
storms. At Nottingham, where the rain was described as
tremendous, the lightning did little or no damage, although.

spoken of as very vivid; and Mr. Low, at Highfield-house,

in that county, counted from twenty to fifty flashes per

‘minute while the storm was at its height. ~At Faringdon,

Berks, the rain was excessive, and did: considerable ‘mis-
chief; but I behcve no damage was done by the hght-
ning.

214. On the same day the spire of St. George 8 church
Leicester, was destroyed by lightning; but although the:
lightning is described' as- terrific, only one other case of
injury from its effects is alluded to, and that one of but
little importance. “ The storm which ushered in the
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catastrophe was -more violent and extensive than- is often
experienced in this- country. At two in the morning it
had visited the Channel Islands; it then raged violently in
the neighbourhood of London; and at five o’clock in the
afternoon it reached Leicester, when it discharged itself
in such sudden and copious torrents of rain, that the lower
part of the town was flooded. The noise of the descend-
ing torrents for e time almost drowned the roar of the
thunder. The air was at the same time rent and traversed
by flashes and -streaks of lightning, which soon became
nearly incessant. - “ A great deal of -the lightning,” says

“one of the observers, « was forked, but more came down

in the form commonly, but erroneously, called * fire-balls.’
Immense masses of flame descended to the earth, blinding
every spectator for some seconds. The extraordinary dura-
tion of the storm was as remarkable as its violence; for
from five o’clock until -nine in the evening there was
scarcely any abatement. It was at five minutes past
eight, after one or two peals of unusual distinctness, that
the church of St.George was struck. For the distance

* of forty feet on the eastern side, and nearly seventy on the

west, the massive. stonework of the spire was instantly
rent -asunder and lald in - ruins. ”—-T/ze T/mnderstorm,
p. 168. -

215. From the foregomg fac’cs, and many others Whlch I
have noticed, I am led to believe that although lightning

1is generally most dangerous when the rain is very heavy,

especially if the thunder-cloud be rather elevated; yet
that during. very excessive rains, and when the lower
clouds nearly reach the earth, the danger from the light-
ning is comparatively little, and the electricity passes off
to the earth in a wholesale manner, by the falling streams
of water conducting . it away imperceptibly, as metal or
other conducting bodies would ; although during the same

‘time the discharges of lightning amongst the masses: of

vapour at greater heights may be both brilliant and

very frequent. And when during such heavy rains light-

ning does strike to the earth, it is as it were promiscu-

_ously; the rain rcadily conducting the electricity in any

L2
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direction ; low. places being. struck at such tlmes although
close to much: more lofty objects, which- under other cir-
cumstances would - offer the greater -attraction for the
stroke.. In the case of the church at Leicester, it, may be
presumed that the © copious torrents of rain’ had in some
degree ceased by the time the spire was struck; as it is
stated that ©for @ time they almost drowned the-roar of
the thunder,” and the storm. had then raged over. three
hours. DI : g

216. A v1olent storm occurred at leerpool on’ the
same’ first of ‘August; the lightning in which -was de-
scribed as more vivid, and the thunder as more frequent
and heavy than could be remembered.. Here again the
injury to . property from lightning was but little, as the
striking of a chimney only was mentioned. Six persons
were named - as: having been struck down by lightning in
various parts-of the town: some of them appeared insen-
sible for a time from its effects, but none were seriously
injured. 'This could hardly have been the case had they

‘been actually struck by lightning. I have reasons for be-

lieving that persons may fall from what I can only describe
as the discharge of a non-luminous volume of electricity

" from a very low cloud with heavy rain; and such may have

been the cause in the cases above given. N

.217. But it is not only during heavy rains that elec-
tricity passes from the clouds to the earth otherwise than
as flashes of lightning; many facts may be advanced to
prove that such is the case from most clouds, and perhaps
from all in some degree. = The air is seldom, if ever, so
dry in these regions as to thoroughly prevent the pas-
sage of electricity; and the vast quantity which ‘passes
off from clouds is shown by its effects on electric kites,
pointed: rods; and the like apparatus. St. Elmo’s fires,
and the effects on animal sensation, may also be advanced
in proof. . Many cases might be given to show that the
electric discharge is great from clouds at considerable ele-
vations, but the following will suffice. Professor Forbes
thus describes a phenomenon which occurred near Mont
Cervin, The atmosphere was very turbid, the ground
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was covered with half-melted snow, and some hail began

to fall.: “We were perhaps 1500 feet below the Col, or
" still 9000 above the sea, when I noticed a curious sound,
which seemed to proceed from the Alpine pole with which
I was walking. I elevated my hand above my head, and
my fingers yielded a fizzing sound. There could-be but
‘one. explanation—we were so near a thunder-cloud as to
be highly electrified by induction. .I soon perceived that
all the angular stones were hissing round us, like points
“near a powerful .electrical machine.” - Immediately after
this it thundered. - There can be hai‘dly.a;doubt that had
this phenomenon occurred in the night, all these angular
stones would have been luminous, and that the edges and’
points were receiving electricity from the cloud, as elevated
electric rods do during the passing of a thunderstorm;
and if so, how great must have been the quantity passing
‘from the cloud to the earth!

218. Returning to a consideration of the storm in Lon—
don, it may be worthy of remark, that for some time pre-
vious to the 1st of August the weather had been extremely
hot, the thermometer registering as high as from 820 to
86° in the shade; and the wind during the same time was
steady from the east and north-east, consequently well cal-
culated to keep up the insulation of the suspended vapour.
The wind changed suddenly at Oxford about midday to
the opposite quarter, and in London the like change oc-
curred about three hours later, just before the storm com-
menced. - This fact may be thought to favour Dr.Hut-
ton’s theory of rain being produced by the mising of airs
at different temperatures ; I believe the storm was com-
menced by the moisture of the south-west and west Wmd
destroying the insulation of the lower air.

219. To the fact that the fall of rain is productlve of
- winds, I shall more partlcularly refer when on the ques-
tion of the cause of storms; but the following extract
will show, that during the storm in London the wind
blew from all points towards the centre of the storm.
“In the storm which visited the metropolis there were
many remarkable features which descrve notice. Not
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merely were ‘the hailstones of an unusual” s1ze——many of
them bemg between three and four inches in diameter— )
but, it is evident, from the directions in which the largest
amount . of damage was done -to windows, &e. that the
storm must have moved along a curved line from the S.E.
towards W., and then towards the N.E.; having, at the
same time, an internal motion, or probably, a series of
currents setting from the. circumference towards the centre,
along its line of direction. In this respect it resembled,
in a remarkable degree, the hurricanes.of the tropics;
, and. that it was a circular mass of vapour, passing by a
line as nearly as possible in the direction above indicated,

will be evident, if the different localities which suffered are . .
* examined.”— Atheneum, Aug. 8,1846, The general phe-
nomena of the storm, the form of the hailstones, &c. were
described as being singularly s1m11ar to those of the storm
in Cheshlre descrxbed by Halley.

On the Cause of " Hazlstorms )

220, Storms sometimes occur during which hallstones .
of immense size, or rather pieces of ice, have fallen. . Ac-
counts of many such are given in the Phil. Transactions,
Encyclopedias, &c. Such storms are often dreadfully de-
structive; the most preeminent in this respect, of all Eu-
ropean storms on record, being that which desolated :so
large a portion of France in July 1788 traversing nearly
the whole length of the country, and destroying property of
the estimated value of more than a million sterling®.. The

n ¢« This trémendous storm was ushered in by a dreadful‘and
‘almost total darkness, whlch suddenly overspread the whole
country. In a single’ hour the whole face of natare was 50
entirely changed, that no person who had =lept during the tem-
‘pest. could have believed himself in the same part of the world
when he awoke.. Instead of the smiling bloom of summer, and
the rich prospects of forward autumn, which- were just before
spread over the face of that fertile and beautiful coun/try, it now
presented the dreary aspect of universal winter, in the most ste- |
rile and gloomy of the arctic regions. The soil was changed into
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storm which occurred with’ such violence at Chipping
- Norton and its vicinity on August 9, 1843, must be pain-
fully remembered by many.. However I need not enume-
_rate more such cases, but will give Halley’s description of
a-storm he witnessed, as generally characteristic of these
destructive storms as they occur in Europe. The only
peculiarity in this case being, that it took place much
earlier in" the year than is usual for such storms, which
generally occur in the hottest months.

a morass, the standing corn beaten into a quagmire, the vines
‘were broken to pieces, and their branches bruised in’the same
manner ; the fruit trees of every kind were demolished, and the
hail lay unmelted in heaps, like rocks of solid ice. Even the
robust forest trees were incapable of withstanding the fury of the
tempest; and a large wood of chesnut trees:in:particular was so
“much damaged, that it presented, after the storm, little more
-than bare and naked trunks. The vines were so miserably
hacked and battered, that four years were estimated as the short-
est period in which they would become again in any degree pro-
ductive. Of the sixty-six parxehes included in the district of Pon--
toise, forty-three were entirely desolated; while of the remaining
twenty-three, some lost two-thlrds, and others above half - their
harvest.” ‘

“« M. Arago has lately remarked ‘that the damage done to a
thousand and thirty-nine parlshes on this occasion amounted to
24, 962,000 francs.”

« Leslie computes that hailstones sometimes fall with a velo-
city of 70 feet per second, which is at the rate of about 50 miles
an hour. * “ Striking the ground with such impetuous force, it is

“easy,” he says, ‘“to conceive the extensive injury which a hail-

shower may occasion in the hotter climates. The destructive
power of those missiles in stripping and tearing the fruits and
foliage, increases besides in a faster ratio than.the momentum,
and may be estimated by the square of their. velocity multiplied
into the mass, This fatal energy is hence as the fourth power
of the diameter of the hallstone '—Encyclopedia -Metropolitana,
art. Meteorology B o
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Halley 3 Account of a Hazlstorm on the 29th of Apml
1696.

921, « The vapour that disposed the aqueous parts thus
to congeal, came with a south-west wind out of Carnarvon-

‘shire, passing near Snowdon, with a horrid black cloud,

attended with frequent lightnings and thunder. - I hear no

_ further of it westward than out of Denbighshire, where it

left St. Asaph to the right, and did much damage between
it and the sea, breaking -all the windows on the weather
side, killing poultry, lambs, and a stout dog; and in the
north parts of Flintshire several people had their heads
broken, and were grievously bruised in their bodies. From
Flintshire it crossed over the arm of the sea that comes

~up to Chester, and was only felt in Cheshire, at the very

north-west corner of the peninsula, called Wirrall, between
the eestuaria of Chester and Liverpool, at a town called
West Kirkby, where it hailed only three minutes, it being
on the extreme point of it on the right hand ; but it thun-
déred dreadfully, and was here about three in the after-

‘noon; but the main body of it fell upon Lancashire, in'a

right line from Ormskirk to Blackburn, on'the borders of
Yorkshire; the breadth of the cloud was about two miles,
within which compass it did incredible damage, killing all
sorts of fowl and small creatures, and scarcely leaving any
whole panes in any of the windows where it passed; but,
which is worse, it ploughed up the earth, and cut off the
blade of the green corn, so as utterly to destroy it, the
hail-stones burying themselves in_the ground; and the
bowling-greens, where the earth was anything soft, were
quite defaced, so as to be rendered unserviceable for a
time. - The hailstones, some of which weighed five ounces,
were of. different forms, some round, some half round,
some smooth, others embossed and crenulated, like the
foot of a drinking glass, the ice very transparent and
hard, dut @ snowy kernel was in the middle of most of them,
if not all; the force of their fall showed that they fell
from a great height. What I take to be the most extra-
ordinary in this phenomenon is, that such a sort of vapour
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should continue undisturbed for so long a tract as above
sixty miles' together, and in .all the ‘way of its passage
occasion . so - extraordinary a- coagulation and congelation
of the watery clouds, as to increase the-hailstones to so
vast a bulk in so short a space as that of their fall.”

'222. Up to a very recent period it was generally stated
in meteorological works, that hail very rarely occurred in
tropical regions, except. above certain elevations on moun-
tains, and even there but seldom This opinion prevailed
till, at the meeting of the} British Association in 1850, a
communication On Indian Hailstorms was made by Lieut.-
Col. Sykes ; the statement being the result of researches
by Dr. George Buist of Bombay, F.R.S., &e. A long list,
was given, from which “a few instances will suffice to
show the character of these storms and these are gwen
Jrom European testimony.” -

223. « April 10, 1822, at Bangalore, a hailstorm kxlled
many cattle, the hailstones being represented by the
natives as being as large as pumpkins. The gentleman
who gives the account says, Three days after the storm
I went to the spot, and found the carcases of twenty-seven
bullocks lacerated by hailstones; alsodead birds.” In a
tank 300 yards in circumference, half the surface was
covered .with floating masses of hailstones, which had
been carried down the ravines two days before; some of.
the masses were five and. a half inches in"thickness; the
hailstones .were angular and oval, and some measured
three inches in diameter. This was the third day after
the fall, in the scorching month of April.”

224. Nineteen other storms were especially notlced four
of, which were fatal to human beings, cattle, &e. In all
the storms- the _hailstones seem to have been very large,
being .compared by .the  different  observers, in. various
places, to the size of pullets’ eggs, goose eggs, billiard balls,
and cocoa-nuts. Four, six and a half, and eleven ounces,
and two pounds are given as the actual weight of single
hailstones ; and two and five inches as the diameter, and

.eleven and a half and twelve inches in cu‘cumference as
the real measure of them in other places.

RowELL. M
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225, At the meeting of the British Association in'1855,
another communication” was read, On ‘Remarkable  Hail-
storms in India; also by Dr.Buist.. The following are
extracts. - The great distinguishing characteristics of the
Indian, ‘as contrasted with the Furopéan hailstorms, is,
that with'us (in India), in the great majority of cases, the
hail which falls exceeds the size of filberts; at home it
seldom amounts to that of peas or beans. That which
here is the rule, occurring many times in the year, is in
Europe the exceptlon not hwppemng oftener than once in’
ten or twenty years.” AR

226. « Hallstorms ocecur ' in Indxa, so far as. appears
from the published extracts, in the following proportlons
for the various months of the year :— :

-

January 5 J uly 2
" February 20 - August S0
March 81  September - 2
April 34 October 3
}May ’ 17 ' November - 4 -
J une 4 ' December 5

« Tt W111 be seen that hail chiefly falls in our driest months,'
February, March, and April, and does not seem dependent
on - temperature ; May,” which supplies seventeen hail-
storms, being the hottest month in the year; the true
maxima  due to the season being marked by the rains,
whenever these occur near the summer solstice. . Decem-
ber and January, almost the coldest. months in the year,
are nearly devoid of hail. We have a few instances of
hail occurring /in June and July.in Central India, when
the rains were late .in ‘setting.in, but-the hailstones in
those cases were always-small, and the falls' light in com-
parison’ to:those "experienced in other periods of the year.
The. Indian - hailstorms fall:in". patches, and seldom lastj
above fifteen minutes.” ' 3 ,
227." ¢« There are- four, occasions ;on Whlch remarkable‘
masses of ice, of several -hundred: pounds in:weight, are.
believed to have fallen in India. One near Seringapatam .
" in the last century, said to have been the size of an elephant.
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It took three days to melt. We have no further particulars -

about it, but there is no reason for doubting the fact.”

228. “In-1826 a mass of ice, nea.rly a cublc y'lrd in
size, fell in Khandeish.”? -

229. “In April, 1838, a mass of h‘ulstones, twenty feet
in its larger diameter, fell at Dharwar.”

230. < On the 22nd of May, after a violent hailstorm,
80 miles south of Bangalore, an immense block of ice, con-
sisting ‘of ' hailstones cemented together, was found in a
dry well.?? . = . ST .

231. «These masses of ice, lxke many of those consi-
dered-hailstones of the largest size, have, in all proba-
bility, been formed by violent whirlwinds or eddies, and
seem to have reached the monstrous dimensions in which
we find them, either on their approach to or-:their im-
pmrrement on the ground; aud the same thing will apply

" to those of much. more moderate bulk, and which are com-

monly.considered hailstones,- though when examined they
turn out to be a number of these'aggregated together.™

© 232, May 22, 1851, at Chlck'mallenhully, lat. 120 57/,
long 770 38, heavy fall of rain with' thunder,: hghtmng,
and: hail, ;. Hailstones for the most part about the size of
oranges. and limes, which. broke the tiles .on the roofs of

houses, &c.  The next morning many hailstones as-large
~ as pumpkins were found on -the. plain; and one immense
block, measuring four and a half feet in length, three feet
in breadth, and eighteen inches in thickness, was found in
a dry well.”

238, « March 19, 1802 at Ootacamund lat 110 50/ N
long. 76°-4%’, altitude 7300 feet.. Hailstones not large,
but sufficient to do much damage to gardens. Lasted half
an_ hour,'when the ground was as white as-if snow had
fallen.. Buckets full, caught from the house-tops, were next
mormng large lumps of ice.” -

234: ““March 19,:1858, at Nursmgpore, lat 220 56 N
' long 79° 18’ E., altitude 1900 feet. Fall of hail of: tbe
size ;of: ordinary grapes‘,‘.'withAlightning and loud bursts of
thunder: and on the following:day, at 2h. 10m. ».»., a
similar .phenomenon during bright sunshine.  No_cloud

M 2
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in this instance was to be discerned whence the hail pro-
ceeded. No lightning or thunder accompanied this last
fall of hail here; and the pnly body of cloud was at an
altitude of 40° in the south-west quarter. The zenith was
quite clear.”

235, « Dec 11, 1854, ‘at Poorundhur, lat. 18o, 4"'N

long. 140 12" E., altitude 3500 feet. Numbers of per:ons\

were severely injured by the falling of large ice-flakes,
many of them weighing several pounds; and cattle in
consuderable numbers have died from the effects of the
storm.”

236. «“ May 12,1853, in the Hlmalayas, north of the Pe-
shawur, when eighty-four human heings ‘and three thou-
sand oxen were killed, Of the Peshawur storm we have
few details ‘beyond the fact that the ice masses were very

hard, compact and spherical, many of them measuring -

three and a quarter inches in diameter, or nearly a foot in

‘circumference; and this fact seems to have been given

from measurement, not by guess.”

237. ¢ April 21,1855, at Futtehgurh, lat. 260 10’ N.,
long. 750 10’ E. 'Thé hailstdnes larger than turkey eggs,
and sufficient to have knocked a bullock down : and on
the 24th of the same month very large hallstoues, one
measured seven inches in circumference.”

238, « May 11, 1855, at Naine Tal, in the lower Hima-

Vldy'lS lat. 290 20', long. 79° 80'. A small preliminary

shower of rain fell, deep-toned thunder rolled and rever-
berated, and vivid lightning streamed and blazed over the

devoted station. The hail was ushered in by a few bright-

lens- shaped stones, as large as pigeons’ eggs; then came
more. Many were the weighings and measurmgs of these
monsters over all parts of the station. * Some weighed six,
others- eight, others ‘ten :ounces; and one or two more

than a pound and a half avoirdupoi‘s,(with “circum- -

ferences ‘ranging from-nine to’ thirteen inches. Though
no bullocks were killed, a monkey was, and three human

beings were knocked- down. Birds were killed trees

barked, and housés unroofed.” : :
239, The foregoing extracts show the frcqucncy and

-



On the Cause of Hailstorms. 85

destructive character of ‘Indian’ hailstorms, and are there-
fore corrective of a very general erroneous opinion; they
also exhibit some phenomena of the storm in a- magnified
degree to what is shown in European storms, and some
phenomena of a pecuhar character to Whlch it may be well
to refer.

240. The remarks in paragraph 231, respecting the

masses of ice which sometimes fall, ‘or" are said to fall
during storms, are so conclusive, that I think all such
‘masses may be pu‘t'out of the question, whether described
as falling in India or Europe and considered as 'agglome-
rations of hailstones, éither before or after reaching the
~ earth, - It is not surprising that such masses, when found
in India, should be attributed to the ‘effects of the cold:
ness of the higher atmosphere, rather than to freezing .
when on the ground; but the latter seems certainly to-
‘have been the case at Ohickanallenhully (232). - And at
‘Ootacamund (233) the buckets-full of hail which were
collected, were frozen the next morning into large lumps
of ice: and if such was the case in India, the like may
certainly occur in more temperate regions®. I was at
Chlpplng Norton soon ‘after the storm of 1843, when a
respectable person informed. me, and ‘was positive in his
assertion, that fwo days after the storm he found hail-
stones of 'six inches diameter; these must have been
masses which had become frozen after falling, as the Rev.
© J. Jordan, in his published account of the storm, gives
‘two-inches as the diameter of the largest hailstones he
“saw at the time of the storm, although he mentions that
‘'some were said to have had a circumference of eight
inches.

241. There can be no doubt that hallstones have ‘often
fallen of three or four inches in diameter, and of six, elght,
or ten ounces in weight; such hailstones vary from soft
Tumps like snow-balls, to ‘masses almost as hard as solid
ice; and I will endeavour to show that a probable cause

"0 Qotacamund is at a considerable e]cthlon, but not =uﬁi-
cient for frost in April in a general way.
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may be asqgned for. thelr productxon on the theory pro-
posed. -

242. The e‘{planatlon I oﬂ'er respectmg the ordlnary
hailstorms,- or hailshowers, of spring, may be sufficient .
to account for the lighter kind - of storms in India; as
from the generally greater height of clouds in tropical
regions, when compared with those of England, taking into
consideration the fact that rains increase while falling from
the clouds to the earth, circumstances which.in' England
would produce hailstones of the size of peas or beans, may
make them as large as filberts in India. But the more de-
structive hailstorms of all countries, I beheve, are caused by
the sudden- equallzatlon of the. electricity.of masses of va- -
pour, floating at very different heights in the air, and brought -
by currents or various-circumstances.the. one over. the
other; or, in other Words,“by‘ the sudden discharge of the
surcharge of electricity from clouds at great heights, owing
to the clouds at lower altitudes taking such a position as.
to conduct the electricity from the higher clouds to. the
earth, or to clouds near the earth. :

. :R43. As before stated, clouds have been seen by Gay
Lussac, Humboldt, and others, at altitudes of, certamly,
not less than five miles; and Boussingault was in a hail-
storm-on Chimborazo when at an elevation of three'and a
half miles, in which the “ cloud poured down hail of such
size as to produce pain both on hands and ches ‘Now
it is evident that Gay Lussac would not have made. his

balloon ascent in bad weather, nor would Boussingault

and others have chosen other than fine days for ascending
Chimborazo or other mountains: therefore, if clouds.were

- seen by them at. such heights, under such circumstances,

it is obvious that, at times, clouds may accumulate at such
heights in .a much greater. degree; and. also that clouds
may form at every, or any height, from thence to the
earth. . Such being the case, it is easy to conceive, not
only the possibility, but the great probability, that under
favourable circumstances for producing them, and with
such various currents as sometimes prevail in the air,
clouds may occasionally be so arranged as to form a
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series of conductorsv above the earth, and thus afford .an

escape for the surcharge of electricity from clouds ﬂoatmg* -

at more than ordinary heights.

244. T have already (160) assigned a cause for the
ascent of vapour ‘to the higher regions of clouds, and
nothing is so necessary for the ascent of such vapour as
hot weather, with a certain degree of dryness of the lower
air, so as to keep up the insulation of the. vapour and
clouds. . Such seems to be the condition of the air:in
India during the seasons in which hailstorms prevail (226),
as it is shown that hail falls'chiefly in:the driest months;
and hailsforms in Europe seldomoccur, except after dry'
_ and hot weather of at least a few days’ continnance.

245. Tt may be well to consider what would be the con-
sequences of such an arrangement of ‘the lower clouds’as
would. conduct the electricity from clouds at.great eleva-
tions. . Particles of vapour, to float at four miles high,
must occupy double the space which would be sufficient to
render them buoyant at one mile high ; therefore, the
higher vapour must be charged with electricity in the de-
gree: necessary to -its: elevation; consequently any condi-
tions arising which would permit an equalization .of the
electricity of clouds at such :different elevations, would
cause such a- discharge of electricity from the ‘higher to
the lower. clouds or the earth, as will account for the
vivid -lightning - and-heavy thunder which someétimes ac-
* company hailstorms ; and as on the escape of their electric
coatings the particles of vapour would no longer be buoy-
ant, precipitation would take place from heights far, very
far, above that from which rain generally falls; and bear-
ing -in’ mind how much rain increases in volume while
falling through the air, it may readily be conceived, that
particles- of vapour descending from-such heights through
dense clouds, and being extremely.cold, would condense
and accumulate on themselves other vapour sufficient to
. produce such-hailstones as thosé described in the various
hailstorms which have been alluded to."

:246. Another effect  of the sudden discharge of elec-
tricity from bodies of vapour is, that the vacuum or rare-
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faciton. of the- air, consequent on the escape of the elec-
tricity, would be in proportion to the more or less charged.
condition of the vapour; therefore the effect would be
great in the higher clouds; and although the density of
the air is less at such helghts than lower, still the pressure
of the air into the rarefied space would be sufficient to
drive the particles into aggregates; and. this seems to be
the first form the hailstones assume; as in the majority
of cases, the centres are described as composed of particles
of fine snow, or “of fine grains of hoar-frost, opaque,
fibrous, and surrounded by layers of transparent ice, so
distinct, that in some cases they could be counted.”

247, The degree of cold necessary for the production of
hailstones does not seem very difficult to account for on -
this theory, as at four or five miles high the temperature
is very many degrees below the freezing point; and this
1nten51ty of cold may be increased by the rarefaction of the
air at the moment of the passing away of the electricity of
the vapour. It is true that the particles of vapour or
nuclei of hailstones would at once begin to fall on such
loss of electricity ; but it may be borne in mind that the
hailstone is not frozen through in the mass, but in minute
particles on their condensation by and agglomeration to
the first intensely cold aggregation or nucleus. Anothel
point. may also be considered ; the velocity of the descent
of the hailstone would increase during its course, conse-
quently it would be much longer in passing through the
freezing air in the first half of its descent, than through
the warmer air of the lower half,

248. Eddies or whirlwinds. may sometimes result from
the sudden rarefaction of the air, from the causes assigned :
in such cases, hailstones may be retarded in their, fall, or.
even whirled about, so as to acquire a size far beyond the
ordinary limits of such productions.

..249. It is stated in many meteorological works, that
clouds from which hail falls are generally low ; -in the En-
cyclopedia Metropolitana, < the lowness of the clouds from
which hail generally results” is- especially alluded to.
Now I believe that hail never results from a low cloud
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only. - The "hail-showers of spring are. almost invariably
from rather elevated clouds; and in hailstorms, although
the under surface of a’cloud from which hail falls may be
low, it must be piled, so that its upper portions have a very
_considerable elevation, or it must be electrlcally connected
with. clouds at such altitudes.

250, Many cases might be advanced, to show that hail,
at times, is produced by clouds being brought the one over
another by differing currents of air. I give a few in. illus-
tration of the subject. = ¢ A fine example, illustrating the
junction of clouds, and of the resulting phenomena of rain
and hail, was observed at Tarragona on the 15th of Sep-
tember, 1828. . Some large clouds were seen to advance
with a south-east wind, at seven a.n., discharging torrents
of rain. Another great mass of cloud, driven. by a westerly
wind, met the former with great violence, producmg thun-
- der.  As soon’ as the rain had ceased, an immense abun-
dance of hail descended, at first very small, but senmbly
mcreasmg to a very. great size.”

-251. In the above case (from the Encyclopwdm ﬂ[elro-
‘pohtana) the. clouds are described -as meeting, but if is
evident they were~carried by cross currents of air, and
therefore one cloud must have been higher than the other.
I submit the following as a fair explanation of the pheno-
menon. © Rain was falling from the lowermost cloud pre-
vious ‘to- their -meeting; when, from the_ equalization of
the electricity of the clouds, lightning resulted, but from
the increase of ‘the electricity of the lower cloud.the rain
ceased, while the particles of vapour.in the higher cloud,
losing electricity, were no longer buoyant at such heights;
consequently in falhng from so cold a region they formed
hail, ‘increasing in size as the’ hail, falling from the greater
helght reached the ground. -

. 252, ¢ Another example also occurred ‘in North Ame-
rica about noon on the 4th of June; 1814." A dark cloud -
appeared in the south-west, exhibiting an'electrical appear-
ance; some light clouds moving at the same time from
the: north east, and apparently meeting the former. - The
united masses, after- their junction, seemed to risc, and at

RoweLL. N
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length to attain an extraordinary height ; their appearance .
inducing Dr. Crookshank, -the observer, to- predict hail,
and which presently fell in masses from thirteen to fifteen
inches in circumference. -Copious rain’ succeeded their
descent.”

253. In this case (also from the Encyclopwdm Zl[etropo-
litana) the upper clouds were llght_ and their seeming to
rise, after their junction with the lower cloud, may have
been from their together forming conductors for the elec-
tricity from more elevated vapour ; and the seeming to rise

may have been owing to the -sinking of the higher vapour
from the loss of its electricity, and thus forming clouds;
the hail resulting from its precipitation. It may be
worthy of remark, that in this case the upper clouds being
small in volume, did not prevent the fall of rain from the
lower and denser cloud.

254, In the Edinburgh New szlosophzcal Jom‘nal Oct.,
1836, an article is inserted, On the Formation of Hail, by
M. de la Rive. It is unnecessary for me to say that it
contains ‘much valuable information; but the part:to
which I more particularly desire to direct attention isan

:account, “by M. Lacoq, ‘of a hailstorm which -occurred at

Clermont in the year 1835.  The following -extracts -are
taken fromit. :
255, “¢On the 28th of J uly the sun rose from an :azure

'sky, no cloud appeared on the horizon; no vapour floated

in ‘the atmosphere, so that a beautiful day was.anticipated.
At'ten A, the heat became intense, and at midday it was al-
most intolerable, and then some thin flakes of vapour floated
in‘the air.at a great distance:; the wind was north, but-so
feeble that it in ‘o degree tempered the heat. At.one

-o’clock the wind increased:; the white and floating clouds

had descended considerably, and half an hour later covered
a great part of the horizon: ‘they had-a greyish tint, which
became :darker ‘and darker, till they were nearly quite

black. :At two-o’clock they formed .an immense.covering
~ -over the'whole of Auvergne ; ‘and.it was-then easy to-anti-
‘cipate that:a frlghtful stormwas-at hand. We waited with
:anxiety for the issue-of that majestic and terrible scene
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which was’ preparing. = Silence and.consternation every-
where reigned, speedily flashes of lightning illuminated-
the massive ‘vapours which covered the old ‘volcanos of
Auvergne, while the sun still shone upon 2 portlon of La
Limagne.”

256. « We then heard a distant and low- muttermg
sound which resembled a kind of rolling, and almost about
the same time . we saw a vast cloud advance from the west
to the east, pure white in some places, but principally on
its edges, and of a deep grey colour in the centre; it ap-
proached with great rapidity, and seemed to be hurried
forward by a violent west wind, Whlch we had -not. pre—
viously felt at Clermont.”

257. « This cloud was evidently underneath all the others,
its borders were festooned and deeply slashed, and protu-
berances,. in-the- shape: of long nipples, were suspended
from the lower portion. -At a quarter past two, the ante-
rior part of this cloud had approached very near to Cler-
mont, and the noise which we had long indistinctly heard
was now very intense; and.I then very clearly distin-
guished @« very rapid motion in the edges of the cloud ;
these edges-seemed-to me to be undulating, but in the
position in which I was,- what appeared to he undula-
tions must have.been the product of a very violent agita-
tion. - I'then imagined that I could distinctly perceive
hailstones in the edges of the cloud, and I predicted to
some persons who were with e the immediate descent of
hail.”

258, ¢ Accordmglv, two minutes after having seen this
whirlwind kind of motion, there was a fall of hailstones;
which instantly broke all the tiles of the houses and -all
the panes of glass exposed to the north and west ; for the
hailstones being at the same time propelled along both bv
the north and the west wind, necessarily took the mean
direction.”

259, “The first h'ulstones which fell succeeded eftch ’
other very slowly, then all at once their number increased
s0 rapidlv, that in ten minutes the soil was covered with

them ; some drops-of water escaped at the same time f'rom
N2
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the electrical cloud, and then -the distant rolling sound
which we had so long heard entirely ceased ; and the cloud;
freed from its swelling appendages, was carried away by
the wind. - After some hours the sun illuminated, with its
pale and feeble light, that scene of desolatlon thch mght
was speedily about to envelope.” .
260." “ It is not necessary that I should descrxbe in de-
tail the terrible effects of these hailstones. Suffice it to
say, that some branches of trees two inches in. diameter
were cut asunder by them; some polished stones, which
formed part of the cornice of houses; were broken on their
edges; and some phonolite ‘slabs, which were employed
instead of the tiles which cover the roofs, were broken by
the shock of the masses of ice.’
~261. After describing. the force, &c. of the hallstones
the district over which the ravages of the storm extended,
and other particulars, M. Lecoq continues: ¢ In all: the
more ample accounts I have obtained;-it is stated that the
colour of the cloud was grey and white; fhat ifs edges re-
volved, that it extended from west to east, and with great -
rapidity, under the enormous cloud which hid the heavéns
from every eye. The wind also was everywhere the same;
that is to say, there were two currents, the one placed
over the other, which crossed each other at right.angles.”
 “The hail was everywhere of short duration; it seldom' -
lasted for half an hour, and.almost everywhere it was fol-
lowed by rain, which, however, was not very copious.”
262. ¢ It happened that on the 2nd of August” (from the
top of the Puy-du-Dome, before noon) I was a witness, so
_to speak, of the formation of the storm, and of the'conge-
lation ‘of the hailstones. . The west wind, which had. pre-
vailed all -the: mornmg, speedlly brought :along with it
-some low: clouds, ‘which: passed a few: yards. above my -
head ; but- the sun again .appeared. ‘I .then saw other °
clouds detach themselves from the Mont Dore,:and ap-
proach very near me, impelled by:-a very violent.south
wind, but which I did not feel till near one o’clock. .-When
I thus saw great clonds proceeding in different directions, I
could not for an instant doubt the formation of hail; and
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my hopes were ‘soon changed to reality, - -So long as the
two strata of clouds were not superzmposed on’ each other,
there:was no appearance of hail.” C

.-263. I perceived the hail-in the distance prempltate
1tself from the lower clouds and fall to the earth; I saw
it distinctly at the distance of fifty yards:from the.summit
of Puy-du-Dome, and before my face. The cloud whence
it escaped had'indented edges, and exhibited-in those edges
a whirling kind of movement which it is 'difficult to de-
scribe: it seemed as if each h-ulstone was forced forward
by.an electric repulsion.” «

- 264, The:whole phenomena. detalled in - the foregomg
extracts fairly-agree with the causes assigned ;.as in these
cases there is .a like superimposed cloud.from which the
lower cloud would conduct the electricity, and as. the
lower cloud was little in comparison to. the one above, it
must have been constantly surcharged from the electricity
passing from the upper cloud, and therefore but httle rain
fell from it. -
- .265. M. Lecoq particularly. alludes to the. revolvmg or
whirling of the edges-of* the lower -cloud. - T think this -
may be caused by the upward rush of" air into the raréfied
space.in the cloud, and that tlie peculiar noise often no-
ticed as . a storm ‘comes on may chleﬂy be owing to the -
same cause. ,

266 1t.is notlced (234) that hall fell at Nursmgpore in
the middle of the day, and when no cloud could be per-
ceived:from whence the hail had_fallen. T have several
times seen a similar phenomenon, i. e. a fall of very large
drops of rain at a time when not the slightest sign. of a
cloud could be seen in the zenith. “This phenomenon may
arise.from a lateral discharge of the electricity from vapour,
floating high in the air over head (where a slight cloud-
may .be invisible from the earth), when losmg its support,-
it must descend, and in falling through the air may become
increased in bulk from the accession of other vapour.

267. That such a lateral discharge of electricity may
occur, I think.cannot be doubted; vapour seems to accu-
mulate.in strata,.as shown by the formation of clouds at
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various heights; and a particularly humid stratum, if of
great extent, may have-its surcharge of electricity .dis-
charged at a considerable distance from any particular point
in.it,fand probably rain often occurs from the electricity
of ‘a cloud being discharged from a fall of rain at a dxs-
tance, or some such cause.

On the Couse of Darometrical Fluctuations.

268, As in'the following pages.I shall have to refer to
the effects of atmospheric disturbances on the barometer, I
submit the following in explanation of the cause of baro-
‘metrical fluctuations as connected with the fall of rain.
Changes in atmospheric pressure undoubtedly are pro-
~duced by various causes, such as change of ‘temperature,
high winds, and probably the ascent of vapour; but I
believe the principal cause of ‘the frequent sinking of the
barometer, previous to and during rainy weather, is rare-
faction of the air produced by the fall of rain and the
escape of its electricity. As a rarefaction of the air must
(according to the theory) result from"the escape.of elec-
tricity from invisible vapour, thus bringing it more into the
condition to form rain;.and the fall of rain must produce
- a'rarefaction from causes already assigned. = The rarefac-
tion produced by the -escape of electricity from vapour
may be continuous for a time, for although the passage of
electricity in motion is so instantaneous, its escape from
the vapour may be very gradual :

-269. The barometer often rises previous to thunder-
storms; this I believe may be owing to-an increase of
pressure from the rapid increase of vapour at such times,
and T have already (197) endeavoured to show that thun-
der-rains commence from an- accumulation' of vapour, and
not from its gradually losing its electricity. But when a
thunder-cloud is over head, and rain is falling freely, the
barometer sinks -considerably, except the clouds are at

" a more than ordinary elevation; in such cases the baro-'
meter may be but little affected. ,

- 270, The. barometer sometimes rises on the ﬁrst ap-

proach of a snowstorm. This may be caused by the
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length of time the snow is falling; as the escape of the
electricity, to which the falling of the snow is owing, may
have -been before the snow reached the zenith; conse-
quently the rarefaction in the air would be filled up, and
the snow would add to the atmospheﬂc pressure while
" falling through the air. ‘
271, It is with hesitation I offer an explanation: of the
cause of the very slight fluctuations which generally occur
- in the barometer in tropical regions; but 1 submit that
the rains there may be of the character of thunder rains,
therefore the foregoing paragraph (269) will apply; ‘the
generally greater elevation of the clouds may have an
effect; it may be owing to the constant rising of the
heated atmosphere in equatorial regions; or to the greater
‘warmth, and consequent reduction of the specific gravity
.of the air; I believe that all'these may be fairly assigned
+ as causes, and either singly or conjunctly may be the cause
of the phenomenon. But in great hurricanes the baro-
meter has been known to sink very low.

On,tke Primai‘y Cause of Aerial O'uﬂenfs.

272. There can be no doubt that currents are produced
" in the air by various causes. .The effect of the sun and

changes of temperature is shown by the trade-winds, land
~ and sea breezes, &c.; but changes in the temperature of
‘the air are very gradual, and the heated air near the
- earth’s surface is generally driven away steadily by the
"colder and heavier air; the trade-winds, and land and
:sea breezes being amongst the most constant and regular
of nature’s operations: ~ Violent winds are often produced
in ‘mountainous districts by the sudden descent of .cold
and heavy air into the heated valleys; and great atmo-
spheric disturbances may occur from a sinking of the upper
trade-winds. But I believe the -principal cause .of aerial
currents .of all kinds in"temperate regions, and.of hurri-
canes, waterspouts, and .all violent winds of tropical ‘re-
-gions, is the rarefaction .of the air resulting from the fall
.of rain:and the escape of its.electricity.
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. On the Cause of Waterspouts and Tornadoes. :

273. It has never been my fortune to see a waterspout.;
but from the descriptions I have met with, I believe that
all the phenomena of waterspouts and tornadoes may be
fairly accounted for in accordance w1th the proposed
theory. :
- 274. 1 have often, while watchlng a: thunderstorm,
when the lower surface of the cloud has been but mode-
rately elevated, and apparently very dense, observed a sort
of bag or nipple protruded from its lower surface towards
the earth; and when such has been the case, no lightning
has seemed to strike from the cloud to the earth, although

‘during the time lightning has been very frequent in the

clouds themselves; and from the clouds to the earth, both
before the appearance of this hanging cloud and after it
has again disappeared. It has always seemed to me as if
the electricity from the cloud must be passing off from the
protruded portion in volumes to the earth, although I have
never seen any luminous appearance from it. T cannot
say that T have ever seen these protuberant clouds assume
the form of what I take a waterspout to be, still I believe
that a like condition of cloud over water, might, in a slight
degree, have produced a phenomenon of that kind.:

- 275, I have already shown (209), that on the fall of an
inch of rain a vacuum or rarefaction would result in the
space above, equal to that which would be pr oduced by
the abstraction or annihilation of 645 cubic feet of air
over. every square yard where such rain might fall; and
during the time in which it was falling. I believe water-
spouts are always produced from dense cumulus clouds,
and generally accompamed by or.immediately followed by

'very heavy rain.” It mayoften -be seen during thun-

der weather that dense clouds will, apparently, attract

.cach ‘other, and on_their -approximation’ portions: of -each
will stretch forward and unite (see note to 203). The like
seems to be the case in the formation of a waterspout; a

portion of the cloud is attracted towards the earth, and
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-thus forms a- conductor for. the accumulated electricity of
-the cloud to the earth; then, as the passage of electricity
is. so instantaneous, an enormous vacuum or rarefaction
would ‘be 'produced within the cloud on the instant of the
passing off' of the electricity ; the water. or other matter
- beneath the spout would have a tendency to rise into the
rarefied space, and the inward and upward rush of air into
the cloud would carry up spray or whatever may be within
its vortex, in proportlon to the 1ntens1ty of its upward
force: the rising air assuming more or less the character
of -a whirlwind, or rushing upwards in sweeping currents
from' all points towards the centre of the spout or
tornado. o

276. The great dmnnutxon of atmospherlc plessure
_.within the whirl is shown by the fact, that in violent tor-
nadoes or waterspouts the windows, doors, &c. of -build-
ings near the centre of the line of the tornado, are very
often -burst outwards, as if from the expansion of the air
within the building on the sudden cessation of external
“pressure; even the cellar floors of ‘buildings have been
burst upward during’such storms, where it has been
impossible. for the wind to get beneath them to- force
them up. PRI :

277. The. connectlon of electricity with Waterspouts and
tornadoes is shown by various facts. Lightning generally
ceases-so long as a communication is complete between

- the clouds and the earth, or it only continues amongst the
'supérior clouds: sometimes a continual blaze of lightning
has been observed in the cloud over the whirl or spout,
the thunder has been one continued roar, and trees with-
in" the whirl have been scorched, as if from a stroke of

» lightning. -

278. The foregomg is, I beheve, a correct descrlptlon of
the 'general phenomena of waterspouts and tornadoes,-and
the theory proposed seems to me fairly to account for the
production of them.. I will now give a few published ac-
counts of various cases as described by observers; and as
these accounts have been- drawn up without reference to

& ";'ainy theory, or else in support of other views, the facts

RowzeLy: 0
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stated may be received as stronger proofs of the theory,
where they support it, than if written by an advocate for -
it.. But I would observe, that whirlwinds or tornadoes
may occur with very little or no rain, and these may arise
from like causes to those given; that is, the sudden and
intense rarefaction of a space from the escape of electricity
from clouds; as the intervention of a slight column of va- -
pour might conduct electricity from lofty and consequently
highly charged clouds, and produce very little rain, but
merely a sinking of the cloud to a lower level.

279. I may here observe that the connection of elec-
tricity with the cause of waterspouts has long heen argued
by many, but I am not aware that any one has done so on
like grounds to those I take on the question.

280. Several interesting accounts of waterspouts, storms,.
“&c. are given in ' The Tempest,” published by the Society
Jor Promoting Christian Knowledge, 1848. In a descrip- -
tion of ‘a waterspout, as seen by Capt. Beechey near the
equator, it is stated that the tube or column formed and
descended about half way from the cloud to the surface of
the water, “ the sea having hitherto been undisturbed ;
but it now became agitated, and almost immediately be-
came whirled in the air with a rapid gyration, and formed
a vast ‘basin, from the centre of which the gradually
lengthening column seemed to drink up fresh supplies of
water.—The column had extended about two-thirds of the
way towards the sea, and nearly connected itself with the
basin, when a heavy shower of rain fell from the right of
the arch of the cloud, at a short distance from the spout,
and shortly after another fell from the opposite side. This
discharge seemed to have an effect upon the waterspout,
which now began to retire —This phenomenon was unac-
companied by thunder or lightning, although the shower
of rain which fell so suddenly seemed to be occasmned by
an electrical disturbance.”

© 281. Facts and Observations respectmy a Tornado which
occurred at New Brunswick, New Jersey, U. 8., in June
1835. ¢ The tornado was formed about seven and a half -
miles west of New Brunswick ; and, moving at the rate of
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about twénfy-ﬁve or thirty miles an hour, terminated sud-

. denly at Amboy, about seventeen miles from the place of

its commencement. It appeared like an inverted cone, of
which the base was in the clouds, and the vertex upon the
earth. It prostrated or carried off every movable body
within its path, which was from two to four hundred yards
wide. Houses were unroofed, and in some instances un:
floored ; in others, the walls were thrown down outwards,
as if burst by an explosion. There were two facts stated
by Mr. Espy, and confirmed by Professor Bache, which de-

‘monstrate fully the existence of an hiatus. In a house
- which was exposed to the vertical influence of the tornado;
a sheet was lifted from a bed, and carried into a fissure

made in the southern wall, which subsequently closed and
retained it.- The same result was observed in the case of
a_handkerchief, similarly fastened into a fissure in the
northern wall. Joints and rafters were torn from a house
and thrown down at a distance from it of about four hun-
dred yards. Of course light bodies were carried much
further. There was no general rain, but hail and rain
accompanied the fall of the other bodies.”. The tornado
lasted, in any one place, for but a few seconds: the whole
of the damage done at a farm having been accomplished,
as the farmer stated, while he was passing from the front
to the back of his mansion; so that by the time that he
had reached the back door, there was a perfect calm.
Meanwhile, his house and barn were unroofed, and all the
neighbouring trees thrown-down.. The noise which ac-
companied the phenomenon was by every witness de-
scribed as terrific, being best exemplified by the rumbling
of an immense number of heavy carriages. Some thunder
and lightning attended the tornado.”

282. Dr. Hare, on observing the effects of the: tornado
noticed the “partial withering of the foliage of the small

shrobs, which had bent to the storm.and were left grow-
. ing. Rach leaf was only partially withered, and he sur-

mised that this was from the effects of the electricity asso-

ciated with the tornado. There were, on the same day, two

other tornadoes about seventeen miles apart; and of wkzclz
02
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the nearest was about the same distance from New Bruns-
wick.”—Annals of Electricity, vol. ii. p. 200.

© 983. An Account of a Tornado which passed over Provi-
dence, and the Village of Sumerset, U. S. in August, 1838,
From a Letter by Zachariah Allen, esq., of Providence.

Tt was three o’clock, ».31.; during a violent shower, that

T observed a peculiarly black cloud to form in the midst
of light, fleecy clouds, and to assume a portentous appear-

-ance'in the heavens, having a long, dark, tapering cone of

vapour extending from it to the surface of the earth. The
form of this black cloud, and of the cone of vapour de-

-pending from it, so nearly resembled the engraved pictures

of waterspouts above the ocean, which I had freequently

seen, that I should have come speedily to the conclusion
that one of these waterspouts was approaching, had I not
been aware that this phenomenon occupied a-space in the
heavens directly over a dry plain of land. Whilst atten-
tively watching the progress of the cloud, with its porten-
tous dark cone trailing its point in contact with the sur-
face of the earth, I noticed several black specks, resem-

“bling flocks of blackbirds on the wing, diverging from the

under surface of the clouds, at a great elevation in the air,
and falling to the ground.. Among these were some ob-
jects of a larger size, which I could discern to be frag-
ments of boards, sailing obliquely in their descent. ~ This
alarming indication left no room for doubt that a violent
tornado was fast approaching, and that these distant, dark
specks were fragments of shingles and boards uplifted
high in the air, and left to fall from the outer edge of the
black conical clond. This fearful appearance was repeat-
edly exhibited, as often as'the tomado passed over build-

284. ¢« The whlrlwmd soon swept towards -an extensive
range of buildings, within a few yards of me, the roof of

which appeared to open at the top,-and to be uplifted for -

a moment. The whole fabric then sunk into a confused

‘mass of moving rubbish, and became “indistinctly visible

amid the cloud that overspread it, as with a mantle of
mist. '

R
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985, « The destructive force of the tornado now became
‘ not only.apparent to the eye, but also fearfully terrific
from the deafening crash of breaking boards and timbers,
startling the amazed spectator in alarm for his personal
safety, amid  the roar of the whirlwind, and the shattered
fragments flying like deadly missiles near him. At one
instant, when the point of the dark cone of cloud passed
over the prostrate wreck of the building, the fragments
seemed. to ‘be upheaved, as if by the .explosion of gun-
powder; and I actually became intensely excited with the
fear that the moving mass might direct its march towards
" the open area of the yard, to which T had resorted, after
abandoning a building in Whlch I had previously taken
‘shelter.

286, “The most interesting appearance was exhibited
. when the tornado left the shore, and struck the surface of
the adjacent river. - Being within a few yards of this spot,
. 'T'had an opportunity of accurately noting the effects pro-
~~duced on the-surface of the water. The circle formed by
~ the tornado on the foaming water was about three hun-
dred feet in diameter. Within this circle the water ap-
peared “to ‘be in commotion, like that in a huge boiling
~ caldron; - and -misty vapours, resembling steam, rapidly
- arose from the surface, and entering the whirling vortex,
at times veiled from sight-the centre of the circle, and the
‘lower extremity -of the-overhanging cone of dark vapour. .
Amid all the agitation of the water and the air aboutit,
this cone continued unbroken, although ‘it swerved and
swung around, with a movement resembling that of the
trunk of an elephant whilst that animal is in the act of
depressing it to the ground to-pick up some minute ob-
ject.. “In truth, the tapering form, as well as the vibrating
movements of the extremity of this cone of vapour, hore
a striking resemblance to those of the trunk.of that great

animal. -
- 287. “ Whilst passing off over the water, a distant view
.of the cloud might have induced the spectator to compare
_its form -to that of a huge umbrella .suspended in the
" heavens, ‘with ‘the column of vapour representing the
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handle, descending and dipping into the foam of the billows.
The waves heaved and swelled whenever the point of this
cone passed over them, apparently as if some magical spell
were acting upon them by the effect of enchantment.
Twice I noticed a gleam of lightning, or of electric fluid, to
dart through the column of vapour, which served as a con-
ductor for it to ascend from the water to the cloud. - After
the flash the foam of the water seemed immediately to di-
minish for @« moment, as if the discharge of the electric fluid
kad served to calm the excitement on its agitated surface.
The progress of the tornado was nearly in a straight line,
following the direction of the wind, with a velocity of pel-
haps eight or ten miles per hour. ) :

288. “ Near as T was to the exterior edge of the circle
of the tornado, I felt no ‘extraordinary gust of wind ; but
noticed that the breeze continued to blow uninterruptedly,
from the same quarter from which it prevailed - before the
tornado occurred. I also particularly observed that there
was no perceptible increase of temperature of the air adja-
cent to the edge of the whirlwind, which might have
caused an ascending current by a rarefaction of a portion
of the atmosphere. - After passing over the sheet of water,
and gaining the shore, I observed -the shingles and frag-
ments of a barn to be elevated and dispersed high in
air; and the dark cloud continued to maintain the same
_appearance which it first presented, until it passed away
beyond the scope of a distinct vision of its misty outlines.”
— American Journal of Science, vol. xxxviil. p.74.

289, The foregoing account is not only interesting, but
seems to-have been written by an eyewitness well qualified
to describe the phenomenon, and who observed it under
very favourable circumstances. - The facts stated as to-the
. effects of the flashes of electricity (for it is hardly described
as lightning) as the tornado passed the river, are confirma-
tory of the connection of electricity with such phenomena:
but if the lightning or electric fluid passed, as stated, from
the water to the clouds, it at once upsets the whole theory
I propose; however, this is a point on which the eye may
be. deceived, especially at a moment of such excitement,
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even if the question can be decided by the eye alone. To
~ this part of the question I shall again refer. ‘
R90. The following account of the ravages committed
by .a waterspout at Cette, extracted from a French paper,
appeared in the « Times” of Oct. 30, 1844, ¢ A frightful
- misfortune has this afternoon plunged our whole popula-
tion.into a state of consternation and despair. About four
o’clock an electric waterspout fell upon our town, and
committed such ravages, that, at the present moment, it
might be supposed that the town had been submitted to
all the horrors of a siege. This terrible phenomenon,
which arrived in the direction of the fortress of St. Pierre,
skirted the mole in its whole length; and when it came
opposite -.the engineers’ establishment, attracted probably
by the conductor and the zine roof of the house, it turned
round the’ edifice, and at last fell with violence upon it.
At the same moment a violent explosion was heard, and
the whole population thought that its last hour was come."
During two minutes’ space of time a terrific crash resounded
in the air. The roofs of the houses were smashed to pieces,
and the fragments were carried to the most distant parts
of the town. The building belonging to the engineers has
been entirely sacked ; its zinc roof was carried off