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THE SAILOR'S HORN-BOOK.

DESIGN OF THE WORK.

Wiar I propose in this work is, to explain to the seaman, in such
language that every man who can work a day’s work can understand
it, the Theory and the Practical Use of the Law or Sromrus for all
parts of the world ; for this science has now become so essential a
part of nantical knowledge that every seaman who conscientiously
desires to fulfil his duties, from the Admiral of a great fleet down to

e Master of a Weat India or Mediterranean trader, must

the humb
wish to know at all events what this new science is, of which he
hears if said, that it teaches how to aveid Storms—teaches how best
to manage in Storms when they eannot be avoided—and teaches how
to profit by Storms! A man who thoroughly understands all this
must have as great professional advantages in that respect, over one
who does not, as our fleets and ships of the present day, when scurvy
is almost unknown, have over those of the days of Awsowx, when
whole erews were swept off by it.

To enable the plainest ship-master, then, clearly to comprehend this
seience in all its bearings and uses, and as far as our present know-
ledge extends, is my first object ; and on this account I have endea-
voured to make the work as clear and as brief as possible ; though as
still intended for all classes of mariners, the scientific as well as the

unlearned, and intended also while it explains, to suggest, to ask for,

i ¥
| B

EEETRA R &




xiv DESTGN OF THE WORE; '

and to urge further inquiry, I have not passed over the more scientific
| part while striving to give to the mariner of all classes a cheap book
of the results of all the researches up to the present time; together

with the prineiples of the science so clearly indicated, that he might

be fully satisfied as to them, and, if he pleased, look farther to inves- r

tigate their origin and effeets, and furnish those who are prosecuting
the research with additional materials. -
Every one who has mixed much with sailors, and every educated .
man who reflects on his early life amongst them, must have remarked .,
from the naval officer to the coasting skipper, not only the many in- -
b stances in which misdirected, imperfect, or limited education in youth | b
has dulled the faculties for study : and thus all times and opportu- o
nities in after life have been neglected ; but with too many also, -
:: alas | even where in youth or manhood inclined to any self-improve- g -
i ment, the truth of Falconer's beautiful lines, which, though written | M
“ of classical literature, are not less true of scientific purswmts, and of n
j the professional improvement dependent on them— *=
1:_:.' %, . .. for hinsted in tha barren shade b

Here, all too soon, the buds of scienee fada!

' Sad Ceean’s penius in untimely hour 3
Withers the Hoom of every springing flower: -
J 3 Here faney droops, whila sullen clonds and storm "

The generons elimate of the sonl deform.”

A And this I trust will be my apology, if any be needed, for prefer-
ring the familiar terms of common sailor-language where I conld nse
them as I think with better effect, to more scientific forms of expres-

gion. I have thought, in a word, that the work might lose much of

; rooms-of selence ; and thus I have preferred to seat it at her cabin-

: |
(I trust 1 may say) its national utility, if written only for the state- |
|

i table—claiming only in this respect from those who might wish it

otherwise, a moment’s reflection on how large a class of our brother-
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DEHIGH OF THE WORK. Iy

gailors there is, and always must be, who though worthy and most
valuable men, have wanted the inestimable advantages of a good edu-
cation ; and might be repelled from the study by the sight of “hard
words™ and the sound of scientific phrases, however familiar such may
be to our ears.

In the style of printing, and by the frequent use of italics, as well
as by a copious Index and detailed Table of Contents, T have endea-
voured, ns far as possible, to assist the reader to a quick and clear
comprehension of what is said; for I know that many forget that “a
hurricane at sea is like a battle in a campaign ; an important, but un-
frequent occurrence, for which it is wise to be well prepared ;*'* and
rarely locking at works like the present till they want assistance from
them, are thus very liable to mistakes in a moment of anxiety. If
guch, however, will but give it one fair pernsal at leisure, they may
perhaps, recollecting with quaint old Tmomas Furrer that “the
winds are not only wild in a storm, but even stark mad in a hurri-
cane,”t find that a little study in fine weather may save a world of
labour and mischief in bad.

I should perhaps apologise for the apparent egotism of quoting so
often my own Storm Memoirs, but in truth they form, as will be seen
by the list of them in the next page, a considerable portion, as fo
bulk at least, of the evidence, new and corvoborative, upon which our
science rests ; and often furnish details and exact data which T conld
not elsewhere obtain.

Writing in Caleutta, T have been unable to consult many l}ur:rliaiuf

voyages, and especially the works of the older and foreign navigators

* Foreign Quarterly Review for April, 1839: suppesed to be written by Captiin
Basmn Hair.
t Focier's “Hovr SBrate.” “ The Good Sea Captain”

{
|
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which I could have desired to examine or refer to, and my labours
= are continued under difficulties and even against positive discourage-

ments which would be hardly credible if told; but the reader will

nevertheless, I trust, find that he has a tolerably complete work for

all really useful purposes, and that he has in this Third Edition of the

Bairor's Honw Boog, a very considerable addition to his former h
stock of knmowledge on the subject, "
H. . K

CavLcorra, Maey, 1859,
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THE

SAILOR’S HORN-BOOK.

Brier nistony or THE SciEscE oF TnE Law ofF Srtorms.—
2. Works o¥ Srorms.—3. BEXPLANATION OF THE WORDS USED
—4. - VARIOUS THEORIES NOTICED AS TO THE MUTiUHS; AND
BHIEFLY A8 T0O THE CAUSER, OF Sronarg.

The word Cyelone proposed in the first edition of this work asa fit name, wherehy
ta designate horricancs, tyfoons, or any circnlar blowing gole, having been generally
approved of, is npw adopted thronghout a8 & recognised term.

1. Iris perhaps more than a century ago since the first accounts
were published of ships which had seudded in a hurricane for a day or
more and yet found themselves * nearly in the same place as when the
gule began,” and the oldest seaman has heard instances of this strange,
and then inexplicable circumstance; as well as of ships, which inlying
to, had the wind either veering all round the compass, or shifting sud-
denly, with or without a calm interval, to an opposite point of the com-
pass, and blowing harder than before, or of ships which, though but a
short distance from each other, had furious hurricanes, dismasting and
bringing them near to foundering from opposite points of the compass,
and Yet veering differently with both : but ne author before the com-
mencement of the last eentury appeara to have thought of accounting

for this, and most perhaps believed that it never could be accounted for,

2. In Dr. Brawe's Account of the hurricane of 1780 at Barbadoes
{TJ'E. H-:l}', Soe, Ediulmrgh] Yol. I. P- ﬂ:;},, it 18 noticed that = the
wind blew all round the compass, a circumstance which distinguishes
the hurricane from all other gales within the tropics,” and then, a
little further on, that—
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“The ships which put before the wind during the hurricane were not carried with
the velocity which might have been expeeted from the violence of it A merchant
ghip with the erew on board was driven from heranchors at Barbadoes, all the com.
passes were broken, and after tossing about for two days and two nights, the people
found themselves b the mouth of Carlisle Bay, the very point whence they set out,
at a time when they supposed themselves 100 leagues from fi.”

3. The earliest published account we have of these Storms being
distinetly considered as whirlwinds is by Captain Lawserorp, in the
¢ Philosophical Transactions™ for 1698, in a paper on the West Indian
hurricanes, which he calls * whirlwinds.” He describes the veering
of the wind, advises putting to sea with the Northerly winds to et
sea-room, and come back with the 5. Hasterly ones “when Ais fury is
over," deseribes their progression! and gives some limits for them.
He has of course also a theory to account for their origin.

There are, indeed, frequent passages to be met with in the older na-
vigators, and travellers which directly or indirectly speak of the vio-
lent storms of the tropice as “whirlwinds.” It is remarkable that
Dox Juvay pg Unnoa in 1743 fully describes rotary storms and shifts
of wind on the Pacific Coast of South America, as will be seen in an
extract subsequently given, but does not seem (in the English trans-
lation, which may be an abridgment) to have heard of, or to consider
them as whirlwinds.

4., In a work published in 1801,* Colonel Carrex, speaking of
the Madras and Coromandel Coast hurricanes, says—p. 61,

€ ATH these cirenmstances properly considered, elearly manifiest the nature of thess
winds, or rather positively prove them to be whirlwinds whose diameter cannot ho
more than 120 miles, and the vortex seems’generally near Madras or Pulicar.™

And again, after describing some on the Malabar Coast and in the
Bouthern Indian Ocean, he says—p. 64,

4 Thus then it appenrs that these tempests or hurricanes are tornadoes or lecal

whirlwinds, and are folt with at lenst equal violence on the sea coast and at some

little distance out at sea.”

5. In Horssuror's Directory, first published in the early part
of the present century, he alludes to storms, particularly those of the
China Sea, as being rofatory, 1. e. great whirlwinds,

* Observations on Winds and Mongoons,
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6. A French author, Roanae, in a work of much research,* (pub-
lished in 1806) describes the Tyfoon of the China Sea about the Gulf
of Tonkin as a “ towrbillon” (whirlwind); and again speaking of the
gales of the Mozambique Channel, he distinetly says, that during the
N. E. monsoon the heaviest tempests are felt there, and that * then
the winds change to whirlwinds (tourbillons) with a high sea, clondy
eky, and heavy rain,” Vol. IL pp. 106, 132. The same aunthor de-
scribes thoge of the Gulf of Mexico, p. 45, as hurricanes and whirl-
winds. He also describes very fully the veering of the winds in the
hurricanes of the Bay of Bengal, pp. 148 to 150, but does not, when
speaking of these last, call them distinetly whirlwinds.

7. Hence we see that, up to the first ten years of the present cen-
tury, all that appears known and published of tropical storms and
hurricanes was, that they were often great whirlwinds, Fraxgrix
had indeed shewn in 1760 that the N, E. storms of the American Coast
came from the 8. W., but he did not prosecute the inquiry farther.

8, Professor FarrAn of the University of Cambridge, New Eng-
land, in an account of the Boston Storm of 23rd September, 1815,
printed in the American Philosophical Transactions, and reprinted in
the Quarterly (Brande's) Journal of Seience of 1819, p. 102, uses
the following remarkable expressions. The italies are mine.

“1 have not been able to find the esnére or the limitsof this tempest. Tt WHSVETY
violent at places separated by a considerable interval from each ather, while the in=
termediate region suffered much less.  Its course through forests in some instances
was marked almost as definitely ag where trees have been cut down for & road.t
I thess cases i appesrs to have boen & moving vortes and ot the ruding formward
af the groat body of the atmosphere.”

He then goes on to describe the extent of the storm and the veer-
ing of the wind, and its veering in opposite directions at Boston and
at New York, as well as the difference of time between the maximum
violence at the two places, so as to leave no question about this Storm’s
having been a true Cyclone; but he did not generalize the facts, and
thus missed the honour of Mr. Redfield's discovery !

* Tableanx des Vents dea Marées et des Courans.

t This wag probably the furious vortex at the centre, which was there & troe tors
nade, for the storm by Professor Fangan’s statement was about 200 miles in dia-
neter.

g2
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9. I overlooked in the first edition the following notice from Mr.,
Tuous's work.

Professor MiTenaELE, ™ On the proximate eausge of certain winds,” published in
1831, expresses his opinion that * the phenomens of winds and storms are the re-
sult of & vortex or gyratery movement gencrally of no great extent, especially in
the region of the atmosphiere whers they prevail”  Although (adds Mr, Toomn) it
is mot possible to agree altogether with this view of the subject, it sufficiontly con-
viys the theory of gircnlax adtion in stormy disturbances of the atmosphere,

10. Fortunately for science, however, Mr. Winrray Revrrern, of
New York, had his attent?on drawn to the subject in the course of his
professional pursuits as a Naval Arclutect, and in 1831 published in
the * American Journal of Science,” a valuable paper, the first of a
numercus serics which have gince followed, in which he demonstrated
not only that the storms of the American Coast were whirlwinds, but,
moreover, that 1|1v.-_1.' WETE rogressing whirlwinds, moving forwards on
curved fracts at a considerable rate, and were traceable from the West
]!u]i-'f:, and :L]Ung the Coast of the United States fill they eurved off
to the Bastward between the Bermudas and the Banks of Newfound-
Innd. He also gave many excellent practical rules for the mannmre-
ment of ships, so as to avoid, or at least to diminish, the chances of
damage from rotatory storms, and some yaluable remarks on the Ba-
rometer as a guide.

1l. In an able article on the Law of Storma in the * North Ame-
rican Review,” for April, 1844, is the following, which is not only part
of the history of our Science, but moreover a well merited tribute to
the lnbours of the ;__{t':]hL'u:ln.'m named n it—and I do not mean here to
speak with less respect of those whose views have, 1 think, been proved
erroneons. No one can have undertaken independent researches in
any branch of the physical seiences without soon fecling that mankind
owe much more than is usually supposed to those who have missed
their road ; they are the gallant soldiers who have fullen ; the suc-
cessful ave the victors who survive to reap the honours of the combat.

* About the time that the American philosopher Reprienn was emploved in his
¥

earlier laboursof observing and collecting the observations of 3, i gimilar in-

quiry was in progress in Germany, On Christmas eve, 1621, after s long conti-

# w Tdinboreh New Philosophical Journoal,™ |-_'-' Jameson, Vol, XI,




it
0 i

n, of
ik
ol it
£f

b,

A

it

Parr 1. § 13.] History ; Col. Reid's rules. b

nuance of stormy weather, the barometer zank o Tow in Europe, that the nttention
of meteorologists was strongly deawn to the cireumstance. Mr. Braxps, hiving
obtained the registers kept at this time in various places, came to the conclusion
that, during this storm, the winds blew from all points of the compass towards a
central space, where the barometer was, for the moment, at its lowest stand.  The
conclusion was disputed by Professor Dove, of Berlin, who subjected the obsorvy-
tions in the possession of Braxpe, as well as others, to a new examination, and made
it appear, thatan explanation of all the phenomena was afforded by the assumption
of one or more great rotary carrents. or whirlwinds, advancing from the Sonthwest
to the Northeast.® Before this discussion was known in the United States, Mr,
RenFIRLD, by an independent course of investigation, had arrived at the result we
have already announced, and his opinion is fortified by facts and cases so numerons
and well anthenticated, as fully to justify the distinction which Sir Davin BrewsteR
has aceorded to him in the following language, * The theory of rotary storms was
first snggested by Colonel Carrer, but we must claim for Mr. Reprienn the greater
hononr of having fully investigated the subject, and apparcntly established  the

theory upon &n impregnable basis,' "'t

12. Mr. Reprrernp was followed in 18338 by Tdeut.-Col. Rem of
the Royal Engineers, who published the valuable and well known
work usually called ¢ Reid on the Law of Storms,” in which lie not
only fully confirmed Mr. RenFierp's views, but added most extensively
to the proofs of them by investigations of the West Indian Hurricanes,
and those of the Southern Indian Oc¢ean, and moreover by proving
farther what Renrierp had already announced theoretically, that in
the Southern Hemisphere the Storms revolve in a contrary direction
to those in the Northern one.

13. The great step of bringing the science to full practical nse was
also made by Colonel Rem, who shewed that safe rules for seudding
or lying to in a hurricane, might be deduced from the theory, and that,
farther, when obliged to lie to, ships should, to avoid being taken aback
by the veering of the wind heading them off, choose a particular tack
to lie to on, according to the side of the path of the Storm on which
they were ; and lastly that ships might often, by means of this know-
ledge, profit by storms by sailing round instead of through them ; and
the theory, like so many other seiences, then beeame from a specula-
tive view, or theory, of which the uses had been only remotely and

* London and Edinbuargh Journal of Science, Nos. 67, G&,
1 Philosophical Magazine, Vol. XVIIL 3rd Serics, p. 515
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dimly forezeen and hoped for, a practieal Law—Tae Law or Sronms;
of the first use to the mariner, and of the highest importanee to every
naval and commereial nation.

14. Thus far may be called the history of the Law of Storms* from
its early suppositions and proofs to its establishment, I may add,
that Dr. A. Twronr, of H. M. Stith Hegt., has published also, in 1845,
a valuable work on the science generally, and more particularly re-
lating to the Cyelones of the Maoritius and Southern Indian Ocean.
A st of my own former publications on the subject, which have
mostly appeared m the Journal of the Asiatic Society of Bengal, from
1839 to the present day, relating to the China, Arabian and Andaman
Seas, Bay of Bengal and Southern Indian Ocean, now amounting, if
collested, to a volume of 1700 Pp- with 95 Charts and diﬂ:—;ﬁ""sr will
be seen preceding this chapter. Amongst our results here are: The
ascertaining of the average tracks of storms in various seas: The
division of storms: The frequent occurrence of double storms: The
tneurving of winds in a hurricane, and the proofs of the sform waves
and sfora eurvents, and that of the succession of barometrical waves
in a Cyeclone with minor matters, to all of which T ghall subsequently
refer. Theinvention of the Horn Cards should not perhaps be classed
amongst the minor matters; for they have been, I have reason to
think, the means of enabling very many persons to comprehend the
subject and profit by the science, who would otherwise have been
much puzzled by it. It was worth noting, however, before concluding
this section, how it seems here and there to have been impressed ._:.1-1
the minds of many observant seamen, long ago, that great storms and
hurricanes were great whivlwinds. My, Beprrern quotes a letter of
Capt. Wareraaw of the ® Tlineis)" in his memoir, 1831, p. 24, which
concludes thus—* I have only to add that from an experience of 20
or 30 years, during which time I have been constantly navigating the
Atlantie; my mind is fully made up that heavy winds, or Jt.m-ri::-:nu'-s
run in the form of whirlwinds,"

15. Woeks oy Stosms.—In the former editions of this work I

* 1 have not alluded to Mr. Esry's theory, as not being onrs: and ne T think

being wholly contradicted by facts, It consists of two parts, the causes of hurri-
canes, and their effects. ‘T'o this theory I sball allude subsequently,
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gave a list of all the publications on the Law of Storms which Liad
come to my knowledge up to the time at which the editions appeared,
the objeet of which was to shew as part of the history of the science,
how it was gradually aftracting attention, and also to assist the seaman
in his ¢hoice of books for his “Storm Library,” Buf these worka
are now generally so well known, and there are so many of them, that
I have thought it better to economise the space which the eatalogue
would occupy for matter of more interest fo the mariner. I should,
however, fail in being, so far as my poor abilities may enable me, a
gafe and trustworthy guide to him, did I not most earnestly warn him
against being misled into the absurd notion taken up by some of the
Authors of recent works on the science that any positive rules can be
given for the management of ships from the mere veering of the wind,
leaving out of the calculation all the other elements. ‘One of these
books indeed, named below, goes so far as to give showy diagrams
and to announce that the rules engraved upon them are to be followed
“ ohether the Cyclone has recurved or not,” thus coolly throwing the
most important element of the sailor’s caleulation overboard!* The
geientific seaman will not require any farther evidence of the danger
of trusting to such a guide, and I must refer those who have had less
advantages in the way of education, to Part TI1. where I have endea-
voured to set down carefully, and in a classified arrangement, all the
considerations which should guide the careful séaman in the vieinity
of or within the limits of the vortex of a Cyclone, none of which he
can safely neglect.

16. Exrrasirtios oF THE WorDs f Law of Storms’ AND oF
soME OTHER TEEMS. In the foregoing pages I have spoken of the
Law of Storms ag a ‘]"Im{rry from which, when confirmed ag a Law,
Col. Rero has deduced the rules which render it of practical utility.+

* This wretchedly ignorant work, entitled * The Trae Principle of the Law of
Storms " (Sepawiok), has been the principal canse of the crroncous ideas which
this mistaken notion has given rise to.

T Theory and Lew. The scaman may best understand these two wornds by his
quidrant, As long as people who paid attention to these things suppesed that light
when reflected from a mirror was always 0 at a certain angle, depending somehow
on the direetion in which the original light fell upon if, this was o Zheery, When
it wns proved by experiment that the angle of reflection was always equal to the
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The words Law oF Storas, then, signify first, that it has now been
proved by the examination, and careful analysis of perhaps more than
two thousand loge and of some hundreds of storms by the authors
already referred to, and by many other observers in periodical publi-
cations, as well as some whose results have not yeb been published,
that the wind in hurricanes, and frequently in severe storms in the
higher latitudes on both sides of the Equator, has two motions. It
turns or blows round a focus or eentre ina more or less circular form,*
and at the same time has a straight or curved motion forward, so that,
like a great whirlwind, it is both turning round and as it were rolling
forward at the same time.

17. Next it is proved that it turns, when it occurs on the North
side of the Equator, from the east, or the right hand, by the north,
towards the west, or eontrary to the hands of a wateh, or {7 ; andin
the Southern hemisphere that its motion is the other way, or with the
hands of o watch C.} : being thus, as expressed by Professor Dove of
Berlin, 8. E. N. W. for the Northern hemisphere, and N. E. 8. W.
for the Southern hemisphere, if we begin always at the right hand,
or enst side of the ecireles,

18. These two principal Laws constitute the rule or Law or
Yronue.  And it has, as before said, been abundantly demonstrated
to hold good for several parts of the world, but in others, though our
evidence i very defieient, and sometimes indeed we have none at all,
we must assume it only to be true; bub we do so on very strong
erounds ; those of the great analogy usually existing in the laws of
nature, and the fact that .every mew investigation affords us new
}uru:]nf_-j of the truth of our law in both il(‘!]'l'i?i]_!]::ll.'!rl“ﬁ.

19. 1In its application also to Nautical uses the new Beience iz
called the Law of Storms, and here it means that it offers a kind of
angle of ingidenss this became the Law of reflection, and when Haodley applied it
{n obtain eorreet altitudes, and to double the ‘angle by the two reflections of the.
epuadrant, he nsed it for a nantical obhject of the first importance and of daily prac-
tical utility. These are the three great steps of human koowledge and progress.

Tha Theory, or supposition that a thing always occurs according to eertain rules,
the proof or Law that it does and will always so oceur; and the Applieation of that
Inw o the business of common life.
* Took at the Storm Cards in the pockets of the book.
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knowledge which, in most eases, will afford the Seaman—¥rmsr, the
best chance of avoiding the most violent and dangerous part of a hur-
ricane, which is always near the gentre of it ; ¥ExT, the safest way
of managing his vessel, if he is involved in one; and smrDLY, the
means of profiting by a storm! by eailing on a eircular course round
it, instead of upon a straight one through it; supposing always in
this last case that he has sea-room.

20. Srorym.—This term “storm ' iz not used so much with rela-
tion to the force of the wind in a storm, as fo its mofion.

A storm or tempest may mean either a gale or hurricane ; but it
always mean in our science a storm of wind : and not, as frequently
used by landsmen, one of thunder and lightning only.

A GALE means a storm of wind, the direction of which is tolerably
steady for a long time ; sometimes not only for days, but for weeks,
as the common monsoon gales, and the winter gales of the Atlantic,
the Channel, and the Bay of Biscay.

A nURRICANE generally means a fuFning storm of wind blowing
with great violence, and often shifting more or less suddenly, so as to
blow half or entirely round the compass in a few hours. The words
storm and Furricane are both used to indicate a furning gale: hurri-
cane when it is ‘of excessive violenece,

But these words Storm, Gale, Hurricane, Tempest, &e. are very
liable to be used indiscriminately and confounded, and thus produce
some perplexity, and even'mislead the plain seaman.  Our new science
having demonstrated a circular or vortex-like (vortieular) motion,
requires 8 new word fo distinguish winds of all kinds having greatly
curved courses, from those which, like the frades and monsoons, we
may assume to be blowing in straight or nearly straight lines.
Copying from Mr. Redfield’s first memoir  On facts in Meteorology,”
moat of the following names, T have classed them, not as he has
done according to their strength, but according to the nature of their
motion, noting with an (F) those of which we are as yet doubtful.
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10 Wards explamed, [Parer 1..§ 20

CLASS 1.
Right-lined (straight) winds.
Trade winds. Sumatras (of the Straits of Ma-
Monsoons. lu.n;':l.'.':}.
some gales of high latitudes. (#) North-Westers of India.
White squalls, (Coast of Africa.) . Helm wind (of Cumberland and

* - Tornado; (zometimes ) mountainons Countries),

Flaws and Gusts. Bain-winds ; from a fall of rain
Some common squalls. or of water near the spol, as ab
Harmattan. (F) caseades, &e.

Land and Sea breezea. Seciroceo. (F)

North Westers (of Bengal.) Etesian winds. (F)

Willy-waws of the Straits of Pamperos of La Plata.t
Magellan.

CLASS II.
: Civcular (or highly curved) winds.

Tyfoons and Hurricane Storms. African Tornado, (zometimes f)
Some gales of high latitudes P Water-spouts.
Whirlwinds—of wind, rain, dust, Bursting of spouts, water-spouts,
&e.— called in Spanish, French, B
Portuguese, &. Purbo, Turbo- Samiel.
nado, Tourbillion, Tourmente.  Simoon.

I am not altogether averse to new names, but I well know how
sailors, and indeed many landsmen, dislike them ; I sugrested,
however, in the former editions that we might perhaps for all this last
class, of cireular or highly curved winds, adopt the term * Clyelene ™
from the Greek Kuehoc (which signifies, amongst other things, the coil

of a snake), as neither aflirming the cirele to be a true one, though

* Mr. Redfield distinctly proves one tornado, the New Brunswick one, to have
had o whirling motion, and Colonel Reid adduces a Iog of H. M. 8, Tartar, off the

const of Africa, proving that the tornados are, sometimes at loast, rotatory.
t The squalls appear, though originating and sometimes blowing, as stralght-
lined winds; yet the Famperos not unfrequently, and the Willy-waws almost con-

stantly take the whirlwind form. So that thus they may be considered as being of

an intermediate cla sz rather than of cither of thoss which we have ‘J]'__itilj.‘.:.'ll“i”ﬂ‘
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the circuit may be complete, yet expressing sufficiently the fendency
to circular motion iu these meteors. "We should by the use of it be
able to speak without confounding names which may express either
straight or circular winds—such as “ gale, storm, hurricane,” &e.—
with those which are more frequently used (as hurricane) to designate
merely their strength. This is what leads to confusion, for we say
of, and we the authors ourselves write about, ships and places in the

. ; ]
same “storm’ having “the sform :

commencing—*the gale in-
creasing ' —* the Awrricane passing over"—and the like ; merely
because the ships or localities of which we speak had the wind of difs
furent degrees of strength, though the whole were experiending parts
of the same circular storm. - Cyeloidal is a known word, but it ex-
presses relation to a defined geometrical curve, and one not sufficiently
approaching our usual views, which are those of something nearly,
though not perfectly, circular. Now if we used a single word and
said, The * Cyclone™ commenced, increased, passed’ over, &e.we. shall
zet rid of all this ambiguity, and use the same word to express the
same thing in all cases ; and this without any relation to the strength
of the wind, for which we might freely use all the words * breeze,”
“male,” “storm,” *tempest,” “hurricane,” “tyfoon,” &e. as we
pleased.* In the first edition of this work I ventured so far to proposs
the mew word as to add it in a parenthesis wherever I wished to
express a wind blowing in a eircuit, whether a circle, or an ellipse, or
a wind describing a spiral by its progression while turning, and as the

* T have now before me (October 1846) 2 newspaper extract. giving an account
of & meeting of the florists, market gardeners, &e, of the South London district, to
consider of means to repair their losses in & severe thunder and hail-storm, whicly
ocenrred in the month of July or August of that year: In this article the words
“hurricane,™ gale™ “ storm ™ and “ huorricane ™ are used to speak of the ¥ meteor ™
28 the French would call it,  And in another, giving an account of the storm whicls
visited Edinburgh on the 4th March, the tempest is alternately spoken of as a * gule
and a hurrieane,” and Professor Nicol, of the Glasgow observatory, finally speaks
of it a5 a “storm of translation,” or a moving whirlwind © of large: radins bot of
immense paver,” The simple word Cyelone would express all whith Professor
Nicol wished to say, and he would then, as well as the editor of the newspaper,
bave had all his words to express the violence of the (hail and thuuder) storm;
without, by using the term hurricane for instance, leading their readers (o snpposs
that there was any thing rotary about the wind if they did not mean to express this.
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word has been generally approved of, and in all cases found to be not
only objectionable, but often highly convenient, I have now, as noted
at the heading of this part, adopted it with its natural derivatives,
Cyelonic and Cyclonal, and even Cyelonology, when speaking of our
new science throughout the present edition. And it has been so
generally adopted that I have reason to believe it has now become a
recognised English, as well as a professional and scientific word.

There are in tropical latitudes and as far as 50° or 55° N, and 8.
of the equator two kinds of tempests or storms. The monscon or
trade wind or winter gales, in which the barometer remaing high and
the wind steady, and the hurricanes, or tyfoons, (Cyclones) often
blowing with irresistible fury, and almost invariably accompanied by
a falling barometer. Perhaps they occur even farther from the
equator, but we have no good evidence beyond the storms of the
Channel, and some off the Cape of Good Hope and Cape Horn.

21. Tuer SronMm WAVE iz 8 mass of water of greater or less din-
meter according to the storm, raized above the usual level of the oeean
]J:." the diminished zttnmsp'nm*i-:: pressure, and I]‘-’-‘I']Sﬂ[]f:l other CANSes;
and driven bodily along with the storm or before it, and when it
reaches bays or river mouths, or other confined situstions, eausing by
its further rise when contracting dreadful inundations ; but upon open
consts rarely so, or not in so great a degree, as it ean there spread out
guickly and find its level. The Srorm Currexrs may be briefly
described as circular streams on the circamferences of Cyeclones, and
of these also we have evidence enough for the mariner at all times to
admit, and be on his guard against the possilbility, or great Pru.tufu'."ir‘_-;;
of them.

The deep-sea wave also, (the flot de Jond of the French writers) no
doubt nssists the i]!t]]li!ﬂt[ﬂh; but as this is not a surface cause, 1 do
not allude to it here.®

We have thus in every Cyclone two sets of forces (currents) in-
dependent of that of the wind, acting upon a ship ; the one carrying
her bodily enward on its track, and the other drifting her round the
periphery of that part of the Cyelone circle, in which she may be.

22. OBromm Carps. The horn plates in the pockets of this book

. * Beo Eur Dy movvoment des Oundes ot dee Travausr Hydrauligues maritines”
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are what is called Col. Rerv’s Hurricane, or Storm Cireles, or
Cards.

The use of these is to lay down and move upon any part of a chart.
They may be supposed to represent a Cyclone of fifty, or five hun-
dred miles in diameter, as we please; and one which would fill up
the North part of the Bay of Bengal, would shew the wind in the
same Cyclone, South on the coast of Arracan; Fast on the Sand
Heads ; North on the coast of Orissa; and West across the middle
of the Bay; and if we move it over a chart, the changes of the wind
for & ship or an island on its track will be seen. If placed with the
centre between Barbadoes, St. Vincent's and St. Lucia on a Chart of
the West Indies, it will shew how the wind may be in their hurr-
canes, for these Islands or for ships in those positions, N. N. Easterly
and N. N. Westerly for 8t. Vincent’s and St. Luecia, and S. 8. West-
erly for Barbadoes at the same hour, This is with the card for the
Northern Hemisphere, With that for the Southern Hemisphere
every thing is the contrary way ; and if the Card for that Hemis-
phere is laid between the Mauritius and Bourbon, it will be seen then
that a 8. E. Cyclonal wind at Bourbon may, if the circle is large
enough to reach so far, be a N. Westerly one at the Mauritins; and
g0 on all over the world, in each hemisphere.

23. The Tnack of a storm iz the line or path along which it
moves, and we usually speak of the imaginary line or path passed
over by the centre as fhe track, though we might call the whole
breadth passed over by the storm its track or road, if we pleased.
These tracks are different in different parts of the world and in dif-
ferent latitudes, and, together with the ascertaining cerfainly if the
usual law of veerirg prevails every where, are the great objects of the
researches now going on, because much of the management of a ship
depends upon our knowledge of the track of the storm, as will be
subsequently seen.

24. The Turxixa and the Veerixe of the wind in a Cyclone.
The seaman should be careful not to confound these two words, though
g0 nearly alike in meaning and in the ideas they convey. Thua if, as
in the figure below, two ships A, and B. in the Northern hemisphere
are at 80 miles distance from each other, and a storm is travelling
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=il towards them from the W. b. 8. or WSW. to the ENE, asin the 3
L5 Northern Aflantic Ocean, it will be seen by moving the centre of the B
ke | g 3

: horn-card along the arrow that the suceessive changes are— k

| &
L
L
x
=
For A. oy I, ¥
3 SE. b. 8. SSW. "
o S E. SW. 4
& ESE, WSW. |
e East West 5y
G NE, WNW. :
NNE, NW. I
N. b. B. NNW. |«
This is the veering of the wind, and when we say that in cither ‘ i
hemisphere the wind furns so and so in a rotatory g.-uir: {Cyclone) we ‘.:
- mean to express thereby that the whole body of ;1.;-1 sLurmL, whatever :
_-: be its extent, is whirl ing round (turning) with or against the hands -
B (hours) of a watch; but when we say the wind a-;w.-rx, or will veer, in | E
4 given direct ion, we mean then to speal always of its changes or
shifts, whether gradual or sudden, in different I:Hi'i'ti of the 1:1']:[.-][:J a0 :
that the wind in a hurricane or Cyelone, while it really furnsbut one |
way, according to the hemisphere in which the stu;-m oceurs, may II |
with ships on different sides of its track, be veering in apparent con-
tradiction with each other, and with the law given and one of these '
veerings is what sailors cal] * backing" round, and this explains, what "
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is 20 often matter of contradietion and confusion, a ship sometimes
in one-half of a storm (Cyclone) having the wind ¢ zeering’ and then
backing—when she gets into the opposite half of the storm cirele.

In this example we have supposed the ships lying fo; if sendding and
thus rapidly changing their positions, the changes of wind will of
course differ. Mr. Reprrern says, p. 1756 of * American Journal of

Seience and Arts," Second Series, No. 2, tonching this subject :—

“ e parador of revoleing winds, Tt is still possible that some persons may not
at oll be able to understand, clearly, how the wind in a progressive storm which re-
volves in one copstant direction around its axis, ean at the same time be found o
veer in opposite dircctions, on the opposite sides of the axis line; ns is seen in
Tables L. and IIL respectively. Bt this fact, of which an explanation has already
been attempted, may be seen to be a necessary result of the law of rotation, a8 ma-
nifested in all revolving bodies, and failing to understand this law, no oné can intel-
ligently pursne the enguiry.

“ Tt acirenlar disk of stiff paper be written npon in one of more sirenlar Tines
around itg centre, cither in concentric, or vorticose form ; then put this disk in ro-
tation upon ifs centre, and pass two fingers across it in parallel directions, one on
each side of the axis, and it will be found that one finger passes the circular writing
in the order in which the words are written, while on the opposite side of the axis
the other finger, though moving in the same direction, will pass over the writing in
the epposite or reverse order to that in which the words are written. OF course
this will equally follow in ease the revolving disk be advanced under the fingors, ns
when the fingers are advancod over the disk,

“The two opposite orders of swecession in which the letters are thos presented
on the revolving disk, are cquivalent to those of the winds which are presented to
separate observers on the two opposite sides of the storm.  This then being the law
of rotation, it follows, that if thegeneral conrse pursued by a storm be known, two
rongh obgervations of theorder of changes in the wind, ong on each side of its axis
path, may be quite sufficient to determine its revolving character; provided that the
early and later winds near the axis path haveblown transversely tothe course of
progression ; to determine which even, the same observations may suffice.”

Perhaps a still more simple way of understanding this may be given,
and it is as follows. If we look at a carriage wheel going fast over a
muddy road, we shall see that while the whole wheel (the body of the
storm, or Cyelone) moves forward on the road or track, the dirt on the
upper rim is thrown forward and that on the lower rim backwards,
If we suppose arrows (wind arrows) painted on the felly of our wheel
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And that it wasa disk of air a mile or two high* moving horizontally
tver g mass of water, we shall at onee see how the different changes
take place to ships on opposite sides of the storm eircle.

25. A Sronym Disk is the thin whirling stratum of air which con-
stitutes the Cyclone, and which though from 50 to 100, and even a
thousand miles in dismeter, is not probably af any time more than from
ane to ten miles in perpendicular height, as will be subsequently shewn.

26. Tas Cexmee, ok Focus, or calm centre, or focus, or Lull, or
Eye of the Storm, is a space of ealm often, but not always, formed
about the centre of Cyclones, and which varies like the Cyclones
themselves in its diameter, and, according to their rate of motion also
in its duration, while passing over an Island or station, or while a ship
may be drifting through it or round it.

With these explanations of our words, we shall better understand
the things spoken of, and in the following parts of the work the proofs
of these various definitions will be found.

27. Vantous Turories as to the motions of the wind, and of the
body of the Cyclone, and briefly as to the causes of them.

A theory is, as already explained at first, a supposition, It obtains

. prﬁuis h} continual UEJSL‘I'»'{I[EUI]S, and !J_}' [rxpﬁrimr_-nls when theze can

% quiﬂ’f and then weset it downas a Law. The principal Theories
of Storms—that is of the motion of the wind in them, and not as to
what causes this motion—are,

a. That of Mr. Revrigrp and Colonel Rern already explained ; and
28. * 5. That of Mr. T. P. Esey of Philadelphia, supported by Pro-
fessor Hane and some other American philosophers. These gcrni‘h:uu'lt
maintain that in Cyelones the winds do not blow round a eircle, bub
inwards from the eircumference of a civele to its eentre, or to a space
:Illuug a line in the direction of the storm’s propress ; for they agrea
\'r;ltl.l Beveikrn and Berp in the fack of the Erugrvssh'u ]Iii"[-it'“ of
Cyeclones; so that locking at the Compass card one may suppose 32
* See Fart V. at the section on the Barometer for the height of storms above the
surface of the ocean, and for ancther simple and Pm._-[iq_-.-ﬂ demonstration of the
movement of winds in & Cyclone, :
t W dave had some experiments mads in hurricane-Cyelones, and yory carious

and porfectly convincing ones they are, as will afterwards be seen
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or 6id gr 128 winds ! all blowing at the same time inwards to the
pivot! or to the needle, if it lies in the track of the storm ; being one
for every point, one for every half, or ene for every quarter point, and
they allirm that it is this which produces the ealm at the centre.

They suppose, as we do, this centre to be moving onwards, so that
if moving North, for instance, it must as it were, annihilate more or
less all the winds from, say NW. to NE. as it advaneces ; and appa-
rently to obviate this difficulty amongst others, they suppose that at
or near the centre, or central line or axis, the wind curves upwards,
and that thus the centre is a huge funnel or chimney, like the base of
a water-spont.*

20. Mr. Reprrenn also admits of or supposes some degree of up-
ward (spirally upward) curving of the winds at the centre, but this
may easily be admitted without any great violence to our notions. Mr.
Tmowm, while agrecing with Reip and Reprznp as to the eireular
motion of the wind at the surface, thinks there is an up-current
always formed, and in a figure given in his work this iz delineated,
The difficulty in this respect in Mr. Esrx’s and Mr. Tron's theories
is to conceive what can become of the enormous volume of air, and
why it does not at least carry the rain upwards ? if not the ships, or
their mastsand yards ? ;

80. Varrovs Tweories as 7o rne Cavses o Crorowes. The
seaman must be ecareful not to confound here, as is often done, the
Cavsg with the effeets of Cyclones. We can readily suppose a be-
ginning somehow and somewhere, but when we inguire into the
causes of the storms we go back beyond this, which is but the begin-
ning of the cffect, to look for the eause of that effect, or in other
words, we inquire in plain language ’.]I.l.l.‘:'i—l“ By which one, or more
of the known (or any unknown) powers of nature; as the force of

winds, electricity, heat, evolved by condensation of the vapour in the

* The complete contradiction of this theory is fonmd in tfie fact that, in numerons
well attested cages where the track of a storm has beon perfieetly ascertained, the
shift of wind for ships.on its direct path has been perpendiceler to, or across, and
not wight ageinst the track, which Mr. Espy's theory requires itto be.  Secalzothe
mﬂ‘-"lll'-‘l'ﬂg instanices of the * Charles Heddle,” amd the experiment of the * Hinde=
#aun' Bteamer, subsequently allnded o,
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atmosphere, &e. &e. is this Cyclone set a-whirling and moving along i
My present limits and the object of this work do not allow me to go
into much detail on this subject, and indeed to do so would but be to
discuss what are yet but plausible theories—some of them probable
ones it is trup—and would suppoze my readers also more conversant
with the chemistry of the atmosphere and the higher researches of
meteorology than most of them probably will be.

31. Mr. Beprienn who, as already shewn (§ 10, p. 4) is the father
of the research in recent times, had no particular theory as to the
causes of Cyelones, He thought that our knowledge of their effects
was not far enough advanced, and that it was unscientific to attempt
to account for them, till better informed, by the exclusive action of
any one or more causes. In his late publication he inelines to think
them produced by the conflicts of prevailing eurrents in different strata
of the atmosphers giving rise to circular movements, which increase
and dilate to storms.

32. Col. Rerp avoids any general speculation as to the causes of
Cyclones. He adverts to the possibility of there being some connec-
tion between storms and Electricity and Magnetism (Law of Storms,
Chap. XI1.) but goes no farther than to detail an experiment which
appears, he thinks, partially to confirm his views.

83. Mr. T. P. Esry in America, has published a thick volume,
entitled the © J'.’hiiu:i:]i]hf of Storms," in w]'i‘."]l he lays down as befora
noted (§ 28 &, p. 18) & theory of the effects and one of the causes of
storms. Tlhis last is, as briefly as can be explained, this—First, that
upon any partial heating of the air at the surface of the globe it rises
in columns more or less charged with vapour, which as they rise have
thiz vapour condensed into clouds or rain.

Next, in this t:]mlt;__;]ug of state the vapour communicates its dalend
ealoric* to the surrounding air, which also expands, is cooled itself by
that expansion, but also gives heat to that part of the air in which it

* The scientific (chemical) term for a quantity of heat which all bodies comtuin
and give ont when passing from one state to another which i Tess fiwid, 1, &, more
condlensed, as water passing to ice, If the process is reversed, that is, if the body

passts from u mers condensed state to One Jois S0, Waker into Vapour of gheamn

—then heat is absorbed by it to form Jatent ealoric; or hidden heat, not shewn by
our inslroments,
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then is; and becoming lighter is carried farther up, so that what Mr.
Espy terms an up-moving column (or columns) is always thus formed
before rain is produced ; and the air, rushing in to supply the partial
vacuum af the base of this chimney-like column, forms thus the cen-
tripetal (moving towards a centre) streams of wind, which, as just
deseribed is, he affirms, the true motion of the wind in all storms, and
especially in Cyclones, which are thus, not curved and nearly circular
as we suppose, but sfraight-lined winds rushing to a centre according
to his theary, To put this in plainer words he conceives the calm
centre or lull of a Cyclone to be the base of a huge moving chimney,
circular or of any longitudinal shape, the draught of which is ocea-
sioned by an extensive condensation of vapour above. He accounts
for the production of clouds, the rise and depression of the Barometer,
&c. by this cause, inferring that at a certain height the rising air
overflows the rest of the atmosphere, forming a ring or anmulus of
cloud and vapour and air, which pressing on that below, oceasions the

rise of the Barometer found at the edges or approach of storms. To

examine critically this and other theories, is not the object of this work.

34. Mr. Tuos. Horkrws, of Manchester, in a work published in
1844, entitled ““On the Atmospheric changes which produce Rain,
‘Wind and Storms,” and which contains many novel, highly interest-
ing and lueid common-sense views, admits with Mr. Esey and other
Meteorologists who had long preceded him,* the ascent and condensa-
tion of vapour in the air from various causes, and that all horizontal
winds are thus produced. He considers moreover that these aseend-
ing winds produce descending ones, and that the rain produced in the
higher regions brings air and steamt (vapour) with it in its descent,
and thus constitutes lower atmospherie currents. And finally, that

* The original view ia that of Daniell, who was the first to announce the im-
portant part which the latent caloric (see Note, p. 18) of the vapour, must perform
m all atmespheric changes,

t Mr. Hopkins constantly and properly uses the word * steam™ for the “ vapomr”
of Meteorologists in general, who, if they object that sfeam induces the ides of
lieat, should recollect that vapeur is the name of water and other bodies which
have not changed their chemical state, Mr. Hopkinsg" Steamis the invisible vapour
of a fine day which gives the dew point. The vapour of the Meteorologists should
be confined to fors and other appearances in which the steam; being condensed,
though still buoyant in the air, is visible,
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storms are produced by the same causes that produce other winds,
and that the greatest storms are descending winds.

85. The late Dr. Auex. Tuwom, H.M. 86th Regt., author of a
most important work “On the nature and course of Storms in the
Indian Ocean, South of the Equator,” &c. is of opinion, with respect
to this tract, that the principal cause of the rotatory motion of
Cyclones is, ab first, opposing currents of air on the borders of the
monsoons and trade winds, which differ widely as to temperature,
humidity, specific gravity and electricity. These, he thinks, give rise
to a revolying action which originates the storm, which subsequently
gequires * an intestine and specific action involving the neighbouring
currents of the atmosphere, and enabling the storms to advance
through the trade wind to its opposite limits;" and he gives a diagram
to shew how this may occur. He farther inclines to believe that *“as
the external motion is imparted to the interior motion of the mass,
and centrifugal action begins to withdraw the air from the eentre and
from an up-current the whole will soon be involved in the same vor-
tical action.” The up-current he explains as being formed by the
pressure being removed from the centre, when the air there “increases
in bulk, diminishes in specific gravity, and its upward tendeney fol-
lows as & matter of course.”

36. There is, however, another point of view in which some wri-
ters have considered the formation and continuance of these Cyelones.
They suppose them, as Mr. Troa does, formed by epposite currents
of air producing whirlpools asin water, but they do not consider with
him, that they are produced at the edges of the streams as we see
water whirlpeols. These authors incline to the belief that the whirls
originate between the upper and lower surfuess of stratn of air of
different temperatures, degrees of moisturd, &e. and moving in dif-
ferent directions. These whirls they suppose first formed above, and
then to descend to the IE‘-l]i"E;q_‘n of the earth, just as we see a water
gpout begin at sea with a slight swelling of the lower part of a cloud
and then & gradual descent of it. In a word, they look upon Cy-
clones as wind spouts.®

* The Abbe Rochon deseribing the hurricanes (Cyelones) of the Mauritius, 1771,
gays they are * o kind of water spout which seems to thresten the gpot over which
it hangs with entire subversion.” SBee Grast's History of the Mauritins, p. 173,
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Parr L. § 87.] Theories; Kacmits' whirls, Herschel, 21

One writer, Kagurz,* has seen these whirls of wind formed,
though not quite under the circumstances which we require.  Still
his description is worth copying as assisting the reader to form all
idea of what a first rate Meteorologist considers to be the causes of
these phanomena when they oceur on the small scale,

First, he says (p. 47), after alluding to the whirls and eddies formed
by conflicking currents at their meeting on the edges :—

“In like manner when the N. E. wind prevails below and the 8, W, above,
violent whirlings are formed at their limits, which descend to the surface of the
earth, and are often endowed with prodigions foree™

And af p. 116, he describes an instance of the whirlwinds, though
not of their descending, as follows :—

* When o moist wind determines an ascending current along the sides of & monn-
tain, it at last reaches atmospheric sirata whose temperature is such that the Vapour
of witer is instantly precipitated. This is especially the case when opposite winds
moet on the summit. T have often witnessed these phenomena on the Alps—T
will content myself with relating in detail the following fact. A very strong south
wind was blowing on the summit of the Rigi, and the clonds that were passing ata
great height above my head followed the same direction: The north wind was
blowing at Zurich, and nscepded along the southern flank of the mountain, When
it nttnined the snmmit, light vapours were formed, which seemed desirous of pass-
ing over the ridge; but the sonth wind drove them back, and they ascemded
toward the north at an angle of 45%, and disappeared not far from the ridge.  Tha
conflict of the two contrary corrents lasted several hours. A great many. whirls
were formed at the point where the two winds met ; and travellers, who took little

notice of the rest of the meteorological phanomena, were struck with this gingular
spectacle,™

37. The following are the different views of Sir Jory Hersomer
on the Causes of Cyclones, which I copy as abridged in Purpy's
Memoir of the Atlantic Ocean.

1t seems worth inquiry, whether Hurricanes in tropical climates may not arise
from portions of the wpper currents prematurely diverted downwards before their
relative velocity has been safficiently reduced by friction on, and gradually mixing
with, the lower strata ; and so dashing upon the earth with that tremendous velo-
city, which pives them their destructive charactar, and of which hardly any rational
account has yet been given. Their course, generally speaking, is in opposition to
the regular Trade-wind, as it ought to be, in conformity with this idea,—( Young's

* Kammrz® Meteorology, translated by Walker, London, 1845,
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23 Theories ; Piddington, Electricity, Polaanoes. [Panr L § 5.

Tectures, T. T04) buat, it by no means follows that this must always be the case. In
genersl, a rapid transfer cither way, in latitude, of any mass of air whichlocal or
temporary canses might earry above the immediate reach of the friction of the
enrth's surface, would give a fearful exagperation to its velocity. Wherever such
n mass shoold strike the earth, a horriesne might arise; and should two such
masses enconnter in mid-air, & tornado of any degree of intensity on recond might
easily result from their combination™—Astrenomy, pe 132,

Agninz Sir Joms Hersoner in investigating the observations® made ot the dif-
ferent Meteorologieal Observatories that have been established in vorions parts of
the world, has arrived ot the conelusion, that there are, at times, barometric waves,
or undulutions, in the atmosphere, of immense extent: he has denominated them
barometric waves, from their being made evident by the fluctaations of the barg-
muter, which, nz was before deseribed, exhibits perfectly the weight, amd therefore
the quantity, of air above the station. One of these waves has '|_||:'u:|] traced as éx-
tending from the Cape of Good Hope, throngh intermediate stations, to the Ob.
gervatory at Toronto in Cannada, under the superintendence of Lieutenant-Colondl
Samwe. Asan explanation of the origin of the rotary storms under conzideration,
Sir J. Herscnen has proposed the idea, that two or more of these extensive atmos-
pherie nndulations, or barometric waves, may, from traversing in different directions,
intersect each other, and from their oppoging forces canse the phenomenn of hurri-
cancs or rolary stormes.

38. My own views are, and they will be found in some detail in Part
V., that Cyclones are purely electric phenomena formed in the higher
regions of the atmosphere, and descending in a flattened, disk-like
shape to the surface of the ocean, where they progress more or less
rapidly. Ithink that the whirling tornados, spouts and dust-storms,
are certainly connected with them, i. e, that they are the same meteor
in o concentrated form, bub we cannot at present say where the law
which regulates the motions of the larger kinds, ceases to be*an inya-
riable one.

30. Other suggestions have béen thrown out, and instances ad-
duced by different writers as to the possibility of voleanoes, and even
fires, originating violent eircular motions of the atmosphere ; and that
voleanie eruptions are often accompanied by violent storms and heavy
falls of rain there is no doubt. I have myself pointed out—though
my published researches have been confined, like those of REpFrELD
and Re1p to the effects, as the sure eventual index to guide us back-

See Report of the British Association, 1843-4. Vol XL
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Panr 1. § 39.] Theories; Voleanic action. 23

ward to the causes of storms—that in the China Seaand Bay of Ben-
gul® there is much to countenance the idea that Cyclones in some parts
of the world may originate at great voleanie centres, and T am inclined
to believe also that their tracks are partly over the great internal
chasms of our globe, by which perhaps the voleanic centres and bands
communicate with each other. If we produce at both ends the line
of the track of the great Cuba Cyclone of 1844, we shall find that it
extends from the great and highly active voleano of Cosseguina on the
Pacific shore of Central America, to Heela in Teeland! And in 1821,
the breaking out of the great voleano of Eyafjeld Yokul in Teeland,
which had been quiet since 1612, was followed all over Europe by
dreadful storms of wind, hail and rain. In Ieeland the Barometer fell
from the day before the eruption till the twenty-sixth day after.t Mr.
Espy quotes several other cases, and the authority of Humboldt for
South Ameriea, to shew that nothing is better established than the
fact of the connexion of voleances with rains and storms. Pumpy
(Atlantic Memoir) also alludes to the supposed focus of sub-marine
voleanic action on the Equator, in that sea, as the spot to which the
gouthern extremes of the West Indian hurricane (Cyclone) tracks
would tend, if continued. And the following well authenticated fact
has recently been published in the Newspapers. *On Saturday in-
formation was received at Lloyd's under date Liverpool, Feb, 4th,
1852, of an extraordinary marine convulsion experienced by the Mary,
on her passage thence to Caldera. On the morning of the 13th
October, the ship being twelve miles from the equator, in Long. 190
W., & rumbling noise appeared to issue from the ocean, which gra-
dually increased in sound till the uproar became deafening. The Sea
Tose in mountainous waves; the wind blowing from all quarters, the
control over the ship was lost, and she pitched and rose frightfully, all
on board expecting éach moment to be their last, This continued
fifteen minutes; the water then gradually subsided, when several
vessels in sight at the commencement of the convulsion were found
1o have disappeared. Shortly afterwards a quantity of wreck, a part

* Bixth Memodr, Storms of the China Sea, Journal of Asiatie Society of Bengal,
vol. XL p, 717,
1 Espy, p. 67-08 ; nol correctly printed.

E
&
.
A

T T P ST, LT LSy e s




24 Theories ; Volcanic actioi. [Parr 1. § 39.

of a serew steamer, was passed, go that some vessels and lives wera
lost, and it will be obeerved that this phenomenon is stated to have
oceurred in October, one of the hurricane months of the West Tndies.”
If I advert to these speculations, it is with the hope of drawing the
attention of intelligent mariners to them.

PART IL

1. Wuar 18 aeaANT BY THE TRACKS 0F O¥croNEs.—2. AVERAGE
Tracks 1N VARIOUS ParTs oF THE Wonrnp.—8. RATes oF
TEAVELLING ON DIFFERENT Thacws.—4. Srationiny (vcroxes
OR SUCH AS ARE NEARLY 80.—5. Srzes or COrcrnonesi—06.
CoNtEMPORANEOUS, PARATLEL, AND DIVIDING CYoLONES.

40. Ix explaining the terms used in our new seience, T have already
said (§ 23, p. 18) that the Track or A Stony is the path or line in
which it teavels, like the teack of a ship, and that of the centre is
usnally meant ; and if I repeat this here, it is only again to eantion
the novice and seaman against confounding the rotatory motion, or
whirling round of the whole Cyelone, with the j?.?'f}_{,l':i"ﬁ‘s-h'f'!-?f? motion or
moving forward ; the line on which this last is done, whether straight
or curved, being the track. If we suppose a Cyclone only torevolve
and not to move forward in any way, !
track at all.

such a storm would have no
I shall allude at the close of this parb to the probability
of such Cyelones taking place, and to the certainty that some have
such a very slow motion that we may almost eall .
clones. Inthe practical part (Part IIT) T shall
mariner may often ealenlate pretiy
centre, veering of the wind, a

Cyeclone ig, and fake his pre

themn stationary Cy-
shew how the attentive
nearly, by the bearing of the
nd his run op drift, what the track of 8
; cautions accordingly.

41. In speaking of the tracks of Cyclones for the use of the
seaman, I mean of course to allude Lo thejr routes at soa, Much stress
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Pawr IL. § 42.] Tracks of Cyolones—On Shore ; Average tracks. 25

has been laid, and some part of Mr. Esex’s theory rests, upon what
he has deduced to be the track of a Cyclons and the various directions
of the wind as ascertained on shore. Now, without meaning any dis-
eourtesy, if we except some low countries and islands, and on low
¢oasts, it seems to me, speaking as a sailor, sheer nonsense to discuss
the question of how the wind blows, inland, in reference to any theory
which must depend upon the direction of winds for short periods and
in storms. For no man c¢an have looked down from an eminence on
even a moderately uneven ecountry—to say nothing of a very hilly or
mountainous one—without allowing, especially if he is a seaman, that
almost every village must have a different stream of wind for its wea-
thercocks ; and some of these differing from four fo eight points!
‘We have only to look at maps on a large seale shewing the ranges of
hills in any country, and especially some modern ones in which the
elevations are shewn by what are called Contour lines,* to be satisfied
of the futility of these data, except for the general purposes of shewing
the averages of winds throughout the year. Mr. REp¥rern in his
Memoir on the Cuba and other Cyclones, alludes also to this difficulty,
(Am. Jour. Science, No. 1, p. 821. New Series.)

And Luxe Howanp ina note to the Introduction to his * Climate
of London,” p. viii. speaking of Eddy winds says, “ The site of Geneva
remarkably exemplifies the effects of local position in this regpect.
Here, owing to the direction of the valley, the vanes point almost
constantly 8. W. or N. E. the cross winds going over above their
level"

42. Avepasee TRACKS 0P Cycroxes. We arevery far indeed from
knowing what the average tracks of Cyclones in all parts of the world
are, even in some frequented seas. In unfrequented ones we can ab
present only reason from analogy and from the evidence drawn from
single logs. 'We trust always to the good sense of every rightminded
seaman to furnish the labourers in the field with data to trace
them out gradually. I proceed to detail what is known in various
parts of the world, noting also briefly the tracks of ocean for whick
we have but little information. IF I notice any inland Cyclones it is

* Lines drawn through all the points of the same heéight above or below any
given level, -
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96  Tracks of Oyclones— On Shore ; Average fracks. [PArt I § 45

because some of them may become nlso ocean storms, and thus interest
the mariner, for whom I am writing, aa well as the Meteorologist.

43. Before entering on the details of the tracks of Cyclones in
various parts of the world, as far as they are known, or for the purpose
of indicating where they are not so, the seaman should be acquainted
with Colonel Bem's, Mr. Reprizrn’s and Professor Dove's general
views of what may be the average system of Cyclone tracks in both
hemispheres ; modified of course in a hundred ways by local circum-
stances, but always fending towards the systems they suppose theore-
tically to exist. The difference between Theory and Law before ad-
verted to should here be carefully keptin mind, as it is the difference
between a probable supposition and a positive rule proved by abun-
dant instances, and this is of importance, because, as we shall after-
wards find, the questions of seudding or heaving to, and of profiting
or not by a Cyclone, or of getting out of the way of it, depend wholly
upon our knowledge of the track upon which it is travelling.

44. Colonel R and Mr. RevrizLp, then, suppose that in those
parts of the tropies which are nearest to the Equator, the Cyclones
move nearly direct from the Eastward to the Westward ; that as they
progress they gradually take a more and more Northerly direction in
the Northern Hemisphere, and a more Southerly one in t‘;llﬂ' Southern ;
and then, say about Lat. 20° or 26° North or South, or near to the
tropics, they eurve more and more rapidly, till beyond them they re-
curve back to the Eastward again, forming great Parabola-like curves,
':ff which the branches are more or less open accordin g to circumstances.
Il.:ulmml Rem gives the diagram copied in the following page to
illustrate his view of the tendency of the Cyclone tracks. True Cy-
clones have been traced to Newfoundland in Lat 48° N. and found
yet to be travelling to the E. N. E.and N. E. and more recently
across the Northern Atlantics to Latitude 600 in his Chart of the
tept. Cyclone of 1853,

The most Southe '
e most Southerly Cyclones we can yet pronounce to be true
rotatory omes are those of the

T ; ship Havering in Lat, 48° 45 5.3
Lﬂ..'r]g, 820 to 500 East in October, 1849. And that of the ship
T.ﬂ!.’ezrf&aﬂ:u_r;ﬁ- mn Lat, 467 45' 8., Long. 95° East in October, 1853
L. M. 8. Hapannak, Capt. Ersxing, and the ships Barlkam and
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24 Tracks— General Theory. [Paxrr IL. § 45.

Biecephalus had also true Cyclones in 42° and 48° South, between the
meridians of the Cape and Amsterdam.*

45. Tee Wesr Ixpies, Cagrepear Sea, Gunr or Mexico,
Coast o Nonr AMERIoA AXD NonTe ATLAXTIC 70 THE C0ASTE
oF Eorore. In this fract we have, thanks to the labours of Mr.
Repriern and Col. Rerp, Cyeclone of 1853 with addition from Sir
Wizziax Bemp, Mr, Mizxe and my own notes as far as the Ber-
mudas, most careful and extensive researches to puide us.

There appear to be (See Chart I.1) two classes of tracks for both
the West Indian and the North American Cyclones. 'We may con-
veniently distinguish them as straight-lined and curved tracks. Of
the straight-lined tracks of the West Indies one group seems to arise
from Lat. 10° to 23° North, and as far az we yet know to the West-
ward of 55° West (T'racks L and M and ¥ on the Chart). The most
Southern of them (F) trav