Additiopal Objeéiic;;zs to Redfield’s Theory of Storms; by Ros-
ert Hagre, M. D., Professor of Chemistry in the University of
Pennsylvania. X

~ 33. Ix a communication to the American Journal of Science,
g for January, I endeavored to point out various errors and incon-
sistencies, in the theory of storms proposed by Mr. Redfield, or

_ in the reasoning and assumed scientific principles on which that
- theory had been advanced. Of these errors I will present a brief
- summary.

34. 1 conceive that Mr. Redfield has erred, in ascribing atmos-
pheric currents, whether constituting trade winds or storms of
any kind, “solely to mechanical gravilation as connecled with
tﬁe rotatory and orbitual motion of the earth.™
~ 35. In ascribing those atmospheric gyrations of which accord-
ing to his hypothesis all storms consist to “ opposing and unequal

~ forces,” without specifying the nature or accounting for the exist-

" ence of these forces, although implying that they originate as

4 *: above mentioned.

. 36. In assigning to all fluid matter a tendency to “run into
whirls and circuits, when subjected to opposing and unequal for-
ces,” when this allegation, if true at all, can only be so in some
peculiar cases of such forces.

37. In alleging all storms to be whirlwinds, and yet representing
a “rolative movement in air as the only cause of destructive winds
and tempests,” so that a whirl is the only cause of @ whirlwind.t

38. In averring, in reference to the alleged gyration and vors
tical force of tornadoes which are by him treated as hurricanes

~in miniature, that “ all narrow and violent vortices have a spiral
involute motion quickening in its gyration as it approaches the cen-
ire or azis of the whirl)’ whereas it must be evident that when
gyration in a fluid does not result from a contemporaneous centrip-
etal force, arising {rom an ascending or descending current at the

kieg

i * See paragraph 43 of this essay.
t This Journal, Vol. xx1, p. 192: Storms and hurricames consist in the regular
gyratory motion or action of a progressive body of atmosphere, which action is the
v sole cause of the violence which they may exhibit.
it If we understand Mr. Redfield, he assigns the whirlwind as the cause of the
« yiolence’ —not as thezcause of the ¢ whirlwind”—the two words not being sy-

nonymous.—EDs. 1
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axis, but on the contrary exists only in consequence of a momen-
tum previously acquired, the consequent velocity in any part of
the mass aflected, will be less in proportion to its proximity to the
axis: also that the only case in which it can increase with its
proximity, is where the mass is fluid and it proceeds from some
competent cause acting at the axis.

39. In representing that the upward force of tornadoes is the
effect of a vortical or gyratory action,* when it must be quite
plain that a “wvortical” action or whirling motion instead of caus-
ing the air upon the terrestrial surface, necessarily subjected by
it to a centrifugal force, to seek the centre, would induce that
portion of the atmosphere which should be above the sphere of
the gyration, to descend into the central space rarefied by the
centrifugal force.

40. In admitting the gyration, which he considers as the cause
of storms, to quicken as it approaches the axis of motion, without
perceiving that this characteristic is irreconcilable with his infer-
ence that gyration caused by forces acting remotely from the axis
is the proximate cause of all the phenomena in question.

41. In the last number of the American Journal of Science,
(for April, 1842,) Mr. Redfield has hinted that the pains which
I have taken to confute his doctrines, are disproportioned to the
low estimation in which I have professed to hold them. I should
be glad if this view of the subject should render my strictures
agreeable to him ; and am sincerely sorry that, consistently with
truth, I cannot directly take a course more favorable to his mete-
orological reputation. T admit that his essays have met with an
attention which may have justified him in pluming himself on
their success. Had it been otherwise, I should not have thought
it worth while to enter the lists. It strikes me, however, that a
fault now prevails which is the opposite of that which Bacon has
been applauded for correcting. Instead of the extreme of enter-
taining plausible theories having no adequate foundation in ob-
servation or experiment, some men of science of the present
time are prone to lend a favorable ear to any hypothesis, however
in itself absurd, provided it be associated with observations. But
to proceed with the “reply,” so called, the author alleges that in
the absence of “ reliable facts and observations” in support of my

* See paragraph 75 of this communication.
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objections to what he considers as the “established character of
slorms,” he had hesitated to answer them. 'This cannot excite
surprise, when it is recollected ““that the whole modern meteoro-
logical school,” and likewise “ Sir John Herschel,” are accused by
him of a “grand error,” in not asecribing all atmospheric winds
“solely to the gravitating power as connected with the rotary and
orbitual motion of the earth.”

42. For this denunciation he has no better ground than that on
which he deems his theory to be above my reach, that is to say,
because himself and others have made some observations shew-
ing that in certain storms, agreeably to log-book records, certain
ships have had the wind in a way to indicate gyration. Being
under the impression, that in many instances no better answer
need be given to Mr. Redfield’s opinions than that created in the
minds of scientific readers by his own language, I will here quote
his denunciation of the opinions of the meteorological school and
of Herschel.

43. “ The grand error into which the whole school of meteo-
rologists appear to have fallen, consists in ascribing to heat and
rarefaction the origin and support of the great atmospheric cur-
rents which are found to prevail over a great portion of the globe.”
* ¥ %« An adequate and undeniable cause for the production
of the phenomena * * I consider is furnished in the rotative mo-
tion of the earth upon its awis, in which originate the centrifugal
and other modifying influences of the gravitating power, which
must always operate upon the great oceans of fiuid and aérial
matter, which rest upon the earth’s crust, producing of necessity
those great currents to which we have alluded.” (See this Jour-
nal, Vol. xxvi, p. 316.) Speaking of Sir John Herschel’s ex-
planation of the trade winds and others, Mr. Redfield alleges,
“ Sir John has however erred, like his predecessors, in ascribing
mainly, if not primarily, to heat and rarefaction those results
which should have been ascribed solely to mechanical gravitation
as connected with the rotative and orbitual motion of the earth’s
surface.”

44. TIs it not surprising that it did not occur to the author of
these remarks, that an astronomer so eminent as Sir John Her-
schel would be less likely than himself to be ignorant of any at-
mospheric influence resulting from gravitation or the diurnal and
annual revolutions of our planet—and that when he found him-
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self in opposition to the whole school of meteorologists, a doubt
did not arise whether the “ grand error” was not in his views of
the subject instead of that which they had taken ?

45. 1t seems to have been forgotten, that all the aqueous por-
tion of the terrestrial surface being, no less than the superincuin-
bent atmosphere, subjected to the gravitating power and the rotary
and orbitual motions of our planet, no impulse can be given to
the one which is not received by the other; and that as the
heavier the fluid the greater the influence, if this be competent
to create gales in the atmosphere, it must be no less competent
to produce torrents in the ocean. Moreover, do not his opinions
conflict not only with the whole school of meteorologists, but also
with a portion of the modern school of geology? Agreeably to
the last mentioned school, the external portion of the earth con-
sists of a comparatively thin shell of earth and water floating
upon an ocean of matter kept in fusion by heat ; the oblate sphe-
roidal form of our planet being due to the perfect equilibrium of
the “gravitating, rotary, and orbitual” forces which are most
inconsistently represented by Mr. Redfield, as having upon the
atmosphere an opposite effect.

46. But notwithstanding the opinions expressed in the para-
graphs above quoted, and in the following, Mr. Redfield alleges
in his reply to my objections that it is an error to consider him as
rejecting the influence of heat. It is very possible that his opin-
lons may have changed since he read my “objections ;” but that
he did reject the influence of heat when the preceding and fol-
lowing opinions were published must be quite evident. “ Were
it possible to preserve the atmosphere in a uniform temperature all
over the surface of the globe, the general winds would not be less
brisk than at present, but would be more constant and uniform
than ever.” (This Journal, Vol. xxvur, p. 318.)

47. Mr. Redfield alleges that the proper enquiry is, What are
storms? not How are storms produced? And yet it will be
found that his great object has been to show that they arise from
gyration caused by unequal forces generated in some inexplica-
ble mode, by gravitation and the complicated motions of our
planet.  But suppose that before ascertaining how fire is produ-
ced, chemists had waited for an answer to the question what is
Jire, how much had science been retarded ? I do not therefore
blame Mr. Redfield for pursuing both inquiries simultaneously,
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inconsistently with his own rule above stated, but I am astonish-
ed that he should, without any new experiments or any demon-
strations, by an ipse dizit undertake to make a novel application
of the gravitating power, and the forces arising from the earth’s
motion ; and to inform one of the most eminent astronomers of
the age that he had committed an error in overlooking their all-
important meteorological inflnence.

48. Turning from an endless controversy with a writer with
whom I differ respecting first principles, I shall address myself
to that great school of meteorologists who concur with me in
the “grand error” of considering heat and electricity as the
principal agents of nature in the production of storms, and who
do not concur with- Mr. Redfield in considering gravitation and
the earth’s annual and diarnal motion as the great destroyer of
atmospheric equilibrium. So far as it may conduce to truth, 1
shall incidentally notice some parts of Mr. Redfield’s reply ; but
my main object will be to show the inconsistency of his theoretic
inferences with the laws of nature, and the facts and observations
on which those inferences are alleged to be founded. To follow
him in detail through all the misunderstandings which have aris-
en, and which would inevitably arise during a continued contro-
versy, would be an Ixion task.

49. Speaking of the trade winds and monsoons, our author
states: It is to the operation and effect of these great and regular
moving masses,” that we are disposed mainly to ascribe the more
active and striking meteorological phenomena of every latitude.
* % And again, ““ At these scasons the northern margin or par-
allels of the trade winds sweeping towards the gulf, must neces-
sarily come in collision with the great archipelago of islands
which skirt the Carribean Sea,” * * * (this Journal, Vol. xx,
p- 31,) “the obstruction which they afford produces a constant
tendency to circular evolution.” * * * ¢ These masses of atmos-
phere thus sct into active revolution continue to sweep along the
islands with increased rapidity of gyration until they impinge
upon the American coast.” We have assumed that the leading
storms of the morthern and western Atlantic and the American
coast originate in detached and gyrating portions of the northern
margin of the trade winds, occasioned by the oblique obstruction
which is opposed by the islands lo the direct progress of this part
of the trade, or lo the falling of the mortherly and eddy wind
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upon the trade, or to these causes combined.”  ('This Journal, Vol.
xx, p. 48.)

50. I trust it will be sufficiently evident, that although great
and regularly moving masses of air, by encountering obstructions,
may undergo a transient deflection, and that a portion accidentally
caught in a strait with high cliffs on either side might like the
tide in the Bay of Fundy, acquire a local and temporary accele-
ration, yet that it would be utterly impossible for a durable whirl-
wind to be thus excited. Obviously for the endurance of a whirl,
if not for its production, the continuous application of at least two
forces would be requisite, of which one must be endowed with
a centripetal efficacy in order to counteract the concomitant cen-
trifugal momentum. It will be evident that although a local ob-
struction may cause an eddy or whirl in its vicinity, the rotary
momentum thus created must soon be exhausted. But admit-
ting that a blast by being deflected by an island could become a
permanent whirlwind, obviously the resulting velocity could not
be so great as that of the generating current. The moderately
blowing trade wind could not, by contact with an inert body, ac-
quire an increase of velocity adequate to form a furious hurricane
capable, as represented, of travelling circuitously for more than
two thousand miles.

51. The hurricane once created, agreeably to the imagination
of Mr. Redfield, its subsequent progress is described in the fol-
lowing language : “ T'his progress still continues while the stormy
mass is revolving around its own moving axis ; and we can readily
comprehend the violent effects of ils unresisted rotation, while this
velocity becomes accelerated by nearly all the oblique forces and
perhaps resistances of the circumjacent currents or masses of mo-
ving atmosphere. These storms cover, al the same moment of
time, an extent of contiguous surface, the diameter of which may
vary from one to five hundred miles, and in some cases have been
much more extensive. They act with diminished violence towards
the exterior, and with increased energy towards the interior of the
space which they occupy.” (This Journal, Vol. xxv, p. 114.)

52. Thus it is assumed, that a mass of air from “oneto five hun-
dred miles in diameter” being made to whirl with the velocity of a
most furious gale, is not only “ unresisted” by the waves, forests,
hills, and mountains, which it may encounter, but is actually
“accelerated by nearly all the oblique forces and perhaps RESIS-
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TANCES” which it may meet. Yet it must be quite clear, that
any reaction with currents not moving the same way, or moving
with an inferior velocity, or obliquely, could only be productive
of retardation.

53. The following inconsistencies will shew how far Mr. Red-
field’s account of the phenomena of storms is to be deemed suf-
ficiently accurate or consistent to overset the established principles
of science.

54. “ The rotation of a continued whirlwind involves not only
changes in the position and condition of its constituent par-
ticles, but a constant accession of the exterior atmosphere to the
body of the whirlwind, together with a discharge equally constant
spirally at one extremity of ils axis of rolation.” (Franklin
Journal, Vol. 19, p. 122.) Ibid., p. 120: ¢ Nor is it my intention
to deny any movemnent or upward tendency at the cenlre of a
whirlwind storm, for of such a movement, apart from theory, I
have long since obtained good evidence.” Ibid., p. 122: “In re-
gard to the depression of the barometer which I have ascribed to
the rotary action of whirlwind storms, Mr. Espy has himself
shewn, that the centrifugal action in a storm which gyrates hori-
zohtally must tend to withdraw or rarefy the air at the cenire by
causing a transfer or accumulation towards the exterior of the
storm, thus causing a higher state of the barometer around the
exterior border, than at the centre of the gale. This connezion
and result is in strict accordance with the facts of the case as ex-
hibited in all storms of this character so far as my observations
and information extend.”

55. On opposite sides of the same leaf we find the preceding
quotations. Agreeably to the first, there is a constant accession
of air from the exterior atmosphere to the body of a whirlwind,
attended by an upward force and compensated by a discharge at
one extremity of its axis of rotation ; agreeably to the last, the
centrifugal action tends to withdraw the air of the centre by
causing a transfer or accumulation towards the exterior border.

56. In tornadoes the author admits the undeniable existence
of an ascending column at the axis (75), and we are told that a
whirlwind storm “ operates in the same manner and exhibits the
same general characteristics as a tornado ;¥ but this idea is evi-

* This Journal, Vol. xxv, p. 117.
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dently irreconcilable with that of a withdrawal of air from the
centre, agreeably to one of the contradictory allegations above
cited.

57. Nor are the following observations more consistent. ¢ Du-
ring the passage of these eddies or storms over the place of obser-
vation the barometer sinks while under their first or more advan-
ced portions and rises as they pass over or recede.” ('This Journal,
Vol. xxv, p. 129.) “ The barometer, whether in higher or lower
latitudes, always sinks while under the first portion or moiety
on every part of ils track evcepting perhaps its extreme northern
margin.”  *“ The mercury in the barometer always rises again
" during the last portion of the gale and commonly attains the
mazimum of ils elevation on the entire departure of the storm.”

58. But if “a higher state of the baromeler be created around,
the exterior border of a whirlwind than at the centre,” and if of
necessity the exterior border be first encountered, how does it
happen that precisely about this space, agreeably to the statement
last quoted, the barometrical column should sink ? And if, agree-
ably to the statement quoted previously, the air be rarefied about
the centre and accumulated towards the border, in passing from
the one border to the other through the centre, would not the
mercury in the barometer first rise, then sink, and afterwards rise
again, instead of falling during its exposure to one moiety of the
storm, and rising during exposure to the other ?

59. It may be presumed, that respecting the state of the ba-
rometer and the movement of the air, within the sphere of his
whirlwinds, Mr. Redfield’s views are not in accordance with any
settled notions.  His theory leads to the idea of a centrifugal force,
rarefying and removing the air from the centre, while his obser-
vation of the ascending current in tornadoes has tended to create
an opposite impression.

60. Considering the inconsistencies of Mr. Redfield’s * reliable
facts and observations,” I hope I may be allowed to show what
ought to ensue according to his own premises. Evidently in a
whirlwind, constituted as are those to which we have reference,
the centrifugal force will cause an accumulation of air towards
the exterior until the otherwise uncounteracted pressure of the
accumulation, tending to restore the level, is in equilibrio with
the centrifugal force. Moreover, the reaction of the fluid lying
in the same plane beyond the whirl, will cause the fluid to be
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higher, or if elastic, denser at an intermediate point than the
general level. Iu the case of an elastic fluid like the air, con-
densation will be substituted for accumnlation, and will amount
to the same thing in effect. It would follow, that as the whirl
should advance, the barometer would rise until the front limb of
the zone of greatest condensation should arrive: subsequently it
would fall till the central space should arrive, and then another
rise and subsequent fall would ensue during the approach and
departure of the rear limb of the zone of greatest condensation.

61. One fact is mentioned among the contradictory evidence
above quoted, which seems to be supported by universal experi-
ence. The barometrical column does fall at the commencement
of a storm, and of course this fact does not accord with the idea
that storms are whirlwinds produced by mechanical forces remote
from the axis and attended necessarily by a centrifugal action
which would accumulate the air towards the exterior.

62. Respecting another characteristic, the “reliable facts and
observations of our theorist,” are no less irreconcilable than in the
case last considered. T allude to the changes in the direction of
the wind which ensue from the commencement to the end of a
hurricane, and especially on the outer limbs on each side of the
line of progression.

63. Thus speaking of the progress of a storm from southwest
to northeast along the coast of the United States, he alleges that
“along the central portions of the track the first force of the wind
is from a point near southeast, but after blowing for a certain pe-
riod it changes SUDDENLY, and USUALLY, AFTER A SHORT INTER-
MISSION, to a point nearly or directly opposite to that from which
it has previously been blowing ; from which opposite quarter it
blows with equal violence ll the storm has passed over or aba-
ted.” Again, “ It is demonstrably evident, that at any point over
which the centre of a whirlwind may pass, the wind must sup-
DENLY change to a direction almost exactly opposite to that which
has been felt during the preceding part of its progress.” (This
Journal, Vol. xx, p. 22.) ¢ It sometimes happens when the cen-
tral portion of an extensive storm passes over or near the point
of observation that the comparative calm or lull which prevails
about the apparent centre of rotation, is preceded by a gradual
rather than a sudden abatement of the wind. * Every ezperi-
enced navigator will shrink with instinctive apprehension from

4
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the very idea of those moments of awful stillness which place him
in the central vortex of the hurricane.” (Franklin Journal, Vol.
xix, p. 116, and this Journal, Vol. xx, p. 47.)

64. Amid the neutralization of evidence which inevitably re-
sults from the conflicting statements above quoted, I will endeavor
to point out the results which ought to ensue if the inferences of
the advocates of the whirlwind doctrine were correct.

65. When a rotary motion is communicated to a solid by a
force applied to any part whatever, the tangential velocity at any
point will be directly as its distance from the centre. In a fluid,
when the force productive of rotation is applied at any point re-
mote from the axis, the motion at the axis can be no quicker than
in the case of a solid, but may be slower, since the parts do not
of necessity move simultaneously. 1In the case of a fluid body
kept in motion by a momentum resulting from forces previously
applied, as in the instance of a Redfield whirlwind, any zone,
which has been made to revolve by the direct application of force,
will be retarded until it causes, in the adjoining zones, a due pro-
portionable velocity. 'This will not be attained until the whole
rotates like a solid. There is however this difference, that the
external portions of the whirling zone being pressed by the cen-
trifugal force against other portions of the same fluid, the one
will conflict with the other, so as to cause the velocity to be com-
municated and to lessen outwards from the zone (in which the
moving power is or has been applied) till it becomes insensible.
This result must ensue the more speedily, since the momentum
receives no reinforcement, while the mass which it actuates in-
creases with the square of the distance from the axis.

66. It follows that at any station over which, or near which the
centre of a whirlwind shall pass, there will be a breeze scarcely
perceptible at first, but which will strengthen gradually into a
gale of preéminent fury. Subsequently a declension must take
place until the centre arrives; here again there would be no
perceptible wind. The centre having moved away, the wind
must increase again to a maximum of force and then decline to
a breeze.

67. Mr. Redfield alleges, that the storm of August 17th, 1830,
whirling to the left, travelled from southwest to northeast at the
rate nearly of twenty seven miles per hour ; that its greatest di-
ameter was from five hundred to six hundred miles ; that of its
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severe part was from one hundred and fifty to two hundred and
fifty miles. Thus it may be assumed, that in order for an ob-
server to be exposed successively within the severe portion on the
southeastern and northwestern limbs, the storm would have had /
to move at least one hundred miles, requiring nearly four hours.
Hence if the storm in question were a whirlwind, instead of the
change having been sudden, several hours would have been re-
quired for its gradual accomplishment.

68. To prove therefore that a sudden change ensued from one
violent wind to another of the same character blowing in an op-
posite direction, is to demonstrate that the storm in which it took
place was not an extensive whirlwind. Yet this characteristic
is universally admitted to belong to hurricanes, and especially to
those upon our territory in which a southeaster is followed by a
northwester. Hence the seaman’s saying which Mr. Redfield
sanctions in quoting, “a northwester does not remain long in debt
to a southeaster.”

69. But if the storm above alluded to moved from southwest
to northeast as Mr. Redfield’s doctrine requires, and the velocity
of the wind on the southeastern and northwestern limbs of the
whirl were as great as described, that on the southwestern side
must have been more than a fourth more violent, having the
general motion of the storm, superadded to its appropriate gy-
rating velocity. Yet there is no evidence that any such supe-
riority existed. On the contrary the violence of the southeaster
and northwester secems to have been preéminently the object of
attention.

70. Agreeably to Mr. Redfield, hurricanes have a diameter va-
rying from one mile to five hundred miles, the diameter of the
severe part of the storm of August, 1830, being from one hundred
and fifty to two hundred and fifty miles. Of course a portion of
the eastern as well as the western limb of such a storm might be
comprised between the Alleghany mountains and the Atlantic
shore ; and in no case would the inner portion of the southeast-
ern and more violent limb be beyond the cognizance of our mer-
chants and insurers. It would be a matter of course that in ev-
ery violent northeast gale, arising as represented from the pro-
gression of the northwestern limb along our coast, fears would be
entertained lest vessels, inward bound, should be met by a much
more violent southwester. But experience shews, that every
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northeaster brings in a crowd of vessels having only to complain
of the violence not of the direction of the wind.

71. It has been assumed, that a storm whirling to the left and
travelling northeasterly, must, at stations passing nearly under
the centre, first blow as a southeaster and afterwards gradually
change to a northwester. Meanwhile on the southeastern or left
limb it will blow only from the southwest, and on the north-
western or right limb it will blow only from the northwest. Con-
sistently, when the storm travels from southeast to northwest, as
hurricanes are represented to travel in proceeding from the sphere
of their origiu in the West Indies to the coast of North America,
it will at stations within a certain distance of a line described by
the centre, blow from the northeast first. On the southwesteri
limb it will blow first as a northwester ; on the northeastern limb
as a southeaster. Moreover, that on the last mentioned limb the
greatest violence will occur, since the general motion of the whirl-
wind will there codperate with that of the whirl. Yet in the
following paragraph Mr. Redfield informs us, (this Journal, Vol.
xxv, p. 128,) that ¢ In the West Indies, hurricanes begin to blow
Jfrom a northern quarter of the horizon, and then changing to
west and round to a southern quarter and then their fury is over.”

72. This account of the direction of the wind in West India
hurricanes agrees with that quoted by Espy from Edwards’s His-
tory of Jamaica, Vol. 3d: “ All hurricanes begin from the north,
veer back to west-northwest, west, and south-southwest, and when
got to southeast, the foul weather breaks up.”

73. It must be evident, as stated among my “objections,” that
when a whirl is first originated, whether it describe a helix, as
would result from its progressive circular motion, or a circle, as
represented by Mr. Redfield in his charts* it must at thirty two
stations equidistant from each other and the centre of gyration,
blow from as many points of the compass. However, when once
under way, it being granted that the whirling is always from right
to left, evidently at any station near the line described by the
centre, it will begin to blow at right angles to that line or from
the northeast. As the centre advances this wind would gradually
subside, and, after the centre should have gone by, it would be-
gin to blow from the southwest with increasing force till the se-

* Franklin Journal, Vol. 19, p. 120.
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vere part of the southeastern limb should be passed. On this part
of the track only one change would take place. But at two sta-
tions sufficiently remote from the central line, the wind in passing
from northeast to southeast would undergo an intermediate devi-
ation, but necessarily of an opposite nature, since for the same
reason that at one, there would be first more northing and then
more westing, at the other, there would be more easting and more
southing, pari passu. Buton the outward northeastern and north-
western limbs, or in other words, on the right and on the left
external borders, there would be no change. On the one it would
blow from the northwest only, on the other only from the south-
east. On this last mentioned limb the blast would be preéminent
in violence, since in that direction the gyrative and progressive
motion of the whirlwind would concur.

74. Nevertheless, agreeably to the observations which have
lifted the whirlwind theory above the reach of my strictures, hur-
ricanes in the West Indies begin (at every place) from a northern
quarter, and changing first west, and afterwards to a southern
quarter, terminate their fury. Thus, agreeably to the evidence
of Mr. Redfield, the fury of the hurricane is the least where, ac-
cording to his hypothesis, it should be the greatest.

75. Having cited and endeavored to shew the futility of the
only explanation which can be found in Mr. Redfield’s essays of
the mode in which whirlwinds are induced, I will quote a pas-
sage from which it would seem that they are supposed capable
of being self-induced. Whence it would follow, that while free
from any external cause, his “rotary movement, which is the sole
cause of destructive winds and tempests,” could spontaneously,
excite itself and the adjoining elements into a destructive com-
motion. F'rom this statement, it appears that the author was not
aware that in making it he gave a blow to his favorite idea of op-
posing and unequal forces, arising from gravitation and terrestrial
motion, being the cause of stormy atmospheric gyration.

76. “We may observe, also, that whirlwinds and. spouts appear
to commence gradually and to acquire their full activity without
the aid of any foreign causes; and it is well known they are
most frequent in those calm regions where apparenily there are
no active currents to meet each other, and they are least frequent
where currents are in full activity.” (This Journal, Vol. xxxir,

p. 61.)
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77. Treating of whirlwinds excited by fire, the author thus
expresses himself: ¢ The foregoing resulls can only be explained
by a violent vortical action steadily maintained. * * * The as-
cending power of the vortical column or whirlwind, is strongly
evhibited. * * * But the spire of a columnar vortev exhibils a
penetrating and ascending power which far evceeds, both in its
inlensity and the extent of ils action, any other ascending move-
ment that we witness. This effect appears to be owing to the
spiral motion of the column which presses onward in the direc-
tion of 1its axis, till it reaches a limit of elevation yet unknown.”
(This Journal, Vol. xxxvr, p. 56.) Would it not be as reasonable
to expect the spiral of iron usually employed to open bottles,
spontaneously to penetrate a cork without being actuated by the
operator’s hand, as that the aerial spiral, which agreeably to the
description above given, constitutes a tornado, should, “without
any foreign aid,’ “or any currents 1o meet each other,”’ be en-
dowed with the force which he has described. Admitting the
storm-producing eflicacy of a collision between trade winds and
islands, admitting that gravitation, and rotary and orbitual force
are to be substitited for all other agency, how are those causes
to extend influence to his aerial isolated spiral, so as to beget the
wonderful vortical force portrayed ?

78. 1 do not deem it expedient to enter upon any discussion as
to the competency of the evidence by which the gyration of
storms has been considered as proved. By Mr. Espy that has been
ably contested. I have given some reasons for doubting the ac-
curacy or consistency of Mr. Redfield’s representations, though I
have no doubt they have always been made in perfect good faith.
I have already alleged, that were gyration sufficiently proved, I
should consider it as an effect of a conflux to supply an upward
current at the axis. Yet the survey of the New Brunswick
tornado, made on terra firma with the aid of a compass, by an
observer so skillful and unbiassed as Professor Bache, ought
to outweigh maritime observations, made in many cases under
circumstances of difficulty and danger. In like manuer great
credit should be given to the observations collected by Professor
Loomis respecting a remarkable inland storm of December, 1836.
This storm commenced blowing between south and east to the
westward of the Mississippi, and travelled from west or northwest
to east or southeast at a rate of between thirty and forty miles
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rer hour. There appears to have been within the sphere of its
violence an area, throughout which the barometric column stood
at a minimum, and towards which the wind blew wiolently on
the one side only from between east and south, and on the other
only between north and west. 'This area extended from south-
west to northeast more than two thousand miles. Its great length
in proportion to its breadth seems irreconcilable with its having
formed the axis of a whirlwind. The course of this storm, as
above stated, was at right angles to that attributed by Redfield to
storms of this kind. (Trans. of the American Philos. Society,
Viokiw7:)

79. Having said so much against the whirlwind theory of
storms, it may be expected that I should, on this occasion, say
something respecting the opinions which I entertain of their ori-
gin. To a certain extent this will be found in my communica-
tions published in this Journal, Vol. xxxir, p. 153,40l. xx, p. 137,
also in my essay on the gales of the United States. I still be-
lieve our northeastern gales were correctly represented in the last
mentioned essay as arising from an exchange of position made
between the air of the Gulf of Mexico and that of the territory
of the United States which lies to the northeast of that great
estuary; and that the heat given out during the conversion of
aqueous vapor into rain, by imparting to the atmosphere as
much caloric as could be yielded by twice its weight of red
hot sand, is a great instrument in the production of the phenom-
ena; also, that the cold resulting from rarefaction is a cause of
the condensation of that vapor, and of course of clouds. On this
last idea, derived from Dalton, Mr. Espy has founded his ingen-
ious theory of storms ; alleging, erroneously, as I think, the buoy-
ancy, resulting from the heat thus evolved, to be the grand cause
of rain, also of tornadoes, hurricanes, and other electrical storms.
In the essay above mentioned, I erred in ascribing too much
to variations of density arising from changes of elevation, and
twenty years’ additional experience as an experimenter in electri-
city, has taught me to ascribe vastly more to this agent than I
did formerly. To pursue this subject fully, would give this pa-
per an undue length ; yet T will subjoin a series of suggestions
which in September last were submitted to the Royal Academy
of Sciences at Paris. These will serve to give a general idea of
the views which I entertain of the electrical causes of storms.
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80. Our experiments make us familiar with two processes of
electric discharge. In one of these electricity passes in the form
of sparks or flashes, in the other it may be conveyed, without
any perceptible evolution of light, by the alternate or successive
contact of intervening bodies with the excited surfaces: as for
instance by means of pith balls, pendula, or a blast of air. 'The
former process has lately been designated by Faraday as “ disrup-
tive,” the latter as ¢ convective” discharge.

81. The disruptive process being exemplified by lightning,
the magnificent apparatus of nature, by means of which this aw-
ful phenomenon is displayed, may be supposed competent to pro-
duce convective discharge upon a scale of proportionable magni-
tude, as exhibited in tornadoes and hurricanes. :

82. As bodies oppositely electrified attract each other, a fortiori,
attraction must always exist between any bodies sufficiently elec-
trified for an elgctric discharge to take place between them. This
law may be illustrated by meansof an instrument called Cull-
bertson’s electrometer. Hence the rising of the water within the
track of a tornado and its subsidence on the passage of lightning,
as observed by Mr. Allen, near the city of Providence, R. I.,* may
be considered as resulting from the alternation of convective with
disruptive discharge. By this observation of Mr. Allen, attraction
is shown to have existed between an electrified stratum of air
coated by clouds, and the oppositely electrified water of a subja-
cent river. It is reasonable to infer that attraction, originating
in the same way, operating upon the denser stratum of the atmos-
phere in the vicinity of the earth, by counteracting gravitation
may cause that rarefaction by which houses are burst or unroof-
ed, and an upward current of tremendous force produced. We

* « 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 I had an opportunity of accurately noting the effects produced on the sur-
face of the water.”” The circle formed by the tornado on the foaming water, was
about three hundred feet in diameter. 'Within this circle the water appeared to be
in commotion, like that in a huge boiling cauldron ; and misty vapors, 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 overhang-
ing dark cone of vapor. Twice I noticed a gleam of lightning or of electric fluid
to dart through the column of vapor which served as a conductor for it to ascend
from the water to the cloud. After the flash the foam of the water seemed imme-
diately to diminish for a moment, as if the discharge of the electric fluid had serv-
ed to calm the excitement on its agitated surface. ]
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may also infer that bodies are carried aloft by the joint action of
the electrical attraction, and the vertical blast which it produces.

83. The effects upon the leaves of trees noticed by me after
the tornado of New Brunswick in 1835, and still more those sub-
sequently observed by Peltier after that of Chatenaye in 1839,
cannot be explained without supposing them to have been the
medium of an electric discharge.*

84. When a convective discharge takes place between a stra-
tum of air in proximity to the earth and a stratum in the region of
the clouds, the greater density and pressure of the lower stratum,
will cause the discharge to take place in a vertical direction.

85. Any heat imparted to air in rising from the terrestrial sur-
face to the region of the clouds, by the condensation of aqueous
vapor, being applied to the upper part of the column and render-
ing it as much taller as lighter, cannot speedily make its total
weight less than that of the surrounding air, and must therefore
be insufficient to cause any violent change, like those which con-
stitute tornadoes or hurricanes, as argued by Mr. Espy. More-
over the process on which so much stress has been laid by this in-
genious meteorologist, cannot generate rain storms during which
the rain freezing as it falls, the temperature of the lower stratum
is shewn to be below the freezing point of water, while that of
the upper stratum, within which water condenses in the liquid
form, must be above that point.

86. Were the causes assigned by Espy adequate to create a
tornado or hurricane, a storm of this kind would exist incessantly
in the vicinity of the equator, where in consequence of the never
ceasing ascent of warm moist air from the ocean, that afflux of
this fluid from neighboring regions takes place, to which the
trade winds are attributed.

87. Experience has demonstrated that electricity cannot exist
on oue side of an electric, without its existence simultaneously
on the other side. If the interior of a hollow globular electric
be neutral so will the outside be; but if the interior be either
positively or negatively electrified, the outside will be found in
the one case positive, in the other negative.

88. The atmosphere is an electric in a hollow globular form,
and as electricity is known to pervade the space within it occupi-

t See this Journal, Vol. xxxvirr, p. 80.
I
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ed by earth, the principle in question mnust also pervade ths qﬂpa
beyond that portion of the atmosphere which is sufficiently de?'
to insulate, or to perform the part of an electric. .
89. Thus there are three enormous concentric spaces, of which
the intermediate one is occupied by an electric, while the inner-
most one and the outer one are occupied by conductors. The
two last mentioned may be considered as equivalent to two
oceans of electricity, of which one may be called the celestial,
the other the terrestrial electric ocean. For an adequate cause
of diversity in the states of the electric oceans, it must be suffi- =
cient to refer to the vaporization and condensation of water.
The power of this process to electrify, has recently been confirm-
ed by the electrical sparks caused by the escape of high steam.
90. When either electric ocean is minus the other must be plus,
and at the same time any intermediate stratum of the atmosphere
enclosing a stratum of clouds, must be charged by induction if
not by communication. Between the concentric strata of air,
severally bounding the celestial and terrestrial ocean, there must
be an electrical attraction tending to counteract gravitation and
thus to influence the density and pressure of the lower stratum of '
the atmmphere.

lestia l ocean, must cause an accumulation of electrlclty in anya
portion of the terrestrial surface immediately subjacent ; and by
counteracting gravitation, cause a local diminution of atmospherlc
pressure‘whlch is, it is well known, a precursor and demonstrably
a cause of wind and rain. e

92. Those enormous discharges of electricity which take place
during hurricanes, may be accounted for by supposing that they
result from discharges between the celestial and terrestrial electric
oceans. Thunder clonds may owe their charges not only to the; ¥
vaporization and condensation of water, but also to the celestial
ocean previously charged by that process. Auroras may be the
consequence of discharges from one part of the atmosphere to an-
other, through the rare conductive medium which is occupied by
the celestial ocean: or they may result from discharges from ot\hJ’
er planets or suns, or from any part of space however remote.
Since, agreeably to Wheatstone’s experiments, electricity flies
with a velocity not less than that of light, distance can cteate no ,. ¢
obstacle to its passage. hot%, o
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93. In November last, subsequently to the submission of the
opinions above expressed to the Academy, I verified a conjecture
of my friend Dr. J. K. Mitchell, that moist, foggy or cloudy air
is not a conductor of electricity, its influence, in paralyzing the
efficacy of electrical apparatus, arising from moisture deposited
on adjoining solid surfaces.

94. A red hot iron eylinder, upon which evidently, no moisture
could be deposited, suspended from the excited conductor of an
electrical machine, was found to yield sparks within a receiver
replete with aqueous vapor, arising from a capsule of boiling
water. :

95. Hence it appears that bodies of air, whether cloudy or
clear, may be oppositely electrified, from each other or from the
earth. 'This would explain the gyration on a horizontal axis
which seems to be attendant on thunder gusts, and may account
for the ascent of the southeaster and descent of the northwester
in the great storm of Dec. 1836, described by Prof. Loomis.

96. Such gyration may be a form of convective discharge, in
which électrical reaction is assisted by calorific circulation and
the evolution of latent heat, agreeably td Dalton and Espy.

97. Squalls may be the consequence of electrical reaction be-
tween the terrestrial surface and oppositely excited masses of air,
and the intermixture of masses so excited, in obedience to the
same cause, may be among the sources of rain, hail, and gusts.
The specific gravity of a body of air, electrified differently from
the surrounding medium, may be lessened by what is called elec-
tric repulsion ; the particles inevitably moving a greater distance
from each other, as similarly electrified pith balls are known to do.

98. Hence a cause of rarefaction, buoyancy, and consequent
upward motion, in a column of electrified air, more competent
than that suggested by Espy.

99. Should it be verified that a gyration from right to left takes
place, during convective discharges of electricity in hurricanes, it
may be referrible to the disposition which a positive electrical
discharge from the earth to the sky would have to gyrate in that
direction.
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