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INTRODUCTION TO THE FIRST EDITION—I855.

——

THE primary object of “ The Wind and Current Charts,” out of
which has grown this Treatise on the Physical Geography of the
Sea, was to collect the experience of every navigator as to the winds
and currents of the ocean, to discuss his observations upon them,
and then to present the world with the results on charts for the
improvement of commerce and navigation.

By putting down on a chart the tracks of many vessels on the
same voyage, but at different times, in different years, and during all
seasons, and by projecting along each track the winds and currents
daily encountered, it was plain that navigators hereafter, by consult-
ing this chart, would have for their guide the results of the combined
experience of all whose tracks were thus pointed out.

Perhaps it might be the first voyage of a young navigator to the
given port, when his own personal experience of the winds to be
expected, the currents to be encountered by the way, would itself be
blank If so, there would be the Wind and Current Thart. It would
spread out before him the tracks of a thousand vessels that had pre-
ceded him on the same voyage, wherever it might be, and that, too,
at the same season of the year, Such a chart, it was held, wounld
show him not only the tracks of the vessels, but the experience also
of each master as to the winds and eurrents by the way, the tem-
perature of the ocean, and the variation of the needle. All this could
be taken in at a glance, and thus the young mariner, instead of grop-
ing his way along until the lights of experience ghould come to him
by the slow teachings of the dearest of all schools, would here find
at once that he had already the experience of a thousand navigators
to guide him on his voyage. He might, therefore, set out upon his
first voyage with as much confidence in his knowledge as to the winds
and currents he might expect to meet with, as though he himself had
already been that way a thousand times before.
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Such a chart could not fail to commend itself to intelligent ship-
masters, and such a chart was constructed for them. They took it
to sea, they tried it, and to their surprise and delight they found that,
with the knowledge it afforded, the remote corners of the earth were
brought closer together, in some instances by many days’ sail. The
passage hence to the equator alone was shortened ten days. Before
the commencement of this undertaking, the average passage to Cali-
fornia was 183 days; but with these charts for their guide, navizators
have reduced that average, and brought it down to 135 days.

Between England and Australia, the average time going, without
these charts, is ascertained to be 124 days, and coming, about the
same ; making the round voyage one of about 250 days on the
average. These charts, and the system of research to which they
have given rise, bid fair to bring that colony and the mother country
nearer by many days,—reducing in no small measure the average
duration of the round voyage.*

At the meeting of the British Association of 1853, it was stated by
a distinguished member,—and the statement was again repeated at
its meeting in 1854,—that in Bombay, whence he came, it was esti-
mated that this gystem of research, if extended to the Indian Ocean,
and embodied in a set of charts for that sea, such as I have been
describing, would produce an annual saving to British commerce, in
those waters alone, of one or two millions of dollars ;t and in all seas,
of ten millions.t

‘mntwudmuhudmnbmmnad,hnhmwﬂmdhﬂdmmm
average, and the homeward passage has been made In 63,

t See Insngural Address of the Earl of Harrowby, President of the Britlsh Assoclation, at
its twenty-fourth meeting. Liverpool, 1854,

$. . . “Nowletus make a calculstion of the annual saving to the commérce of the
TUnited States effected by those charts and sailing directions. Accciding to Mr. Manry, the
average freight from the United States to Rio Janelro Is 17.7 cta. per ton per day; to Ans-
tralia, 20 cta; to Californin, also, about 20 cts. The mean of this is a little over 19 cents
per ton per day; but io be within the mark, we will take it at 15, and Include all the poris
of South America, China, and the East Indies.

“The salling directions have shortened the passages to Californis 30 days, to Anstralia 20,
to Rio Janeiro 10. The mean of this fs 20, but we will take it at 15, and also include the
above-named ports of South America, China, and the East Indiea

“We estimate the tonnage of the United States engaged in trade with these places at
1,000,000 tons per annum.

“With these data, ye sce that there has been effected a saving for each one of these tona
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A system of philosophical research which is so rich with fruits
and abundant with promise, could not fail to attract the attention -
and commend itself to the consideration of the seafaring community
of the whole civilized world. It was founded on observation; it
was the result of the experience of many observant men, now
brought together for the first time, and patiently discussed. The
results tended to increase human knowledge with regard to the sea
and its wonders, and therefore the system of research could not be
wanting in attractions to right-minded men,

The results of the first chart, however, though meagre and unsatis-
factory, were brought to the notice of navigators; their attention
was called to the blank spaces, and the importance of more and bet-
ter observations than the old sea-logs generally contained was urged
upon them.

They were told that if each one would agree to co-operate in a
general plan of observations at sea, and would send regularly, at the
end of every cruise, an abstract log of their voyage to the National
Observatory at Washington, he should, for so doing, be furnished,
free of cost, with a copy of the charts and sailing directions that
might be founded upon those observations,

The quick, practical mind of the American shipmaster took hold
of the proposition at once. To him the field was inviting, for he
saw in it the promise of a rich harvest, and of many useful results.

So, in a little while, there were more than a thousand navigators
engaged day and night, and in all parts of the ocean, in making and
recording observations according to a uniform plan, and in further-
ing this attempt to increase our knowledge as to the winds and
currents of the sea, and other phenomena that relate to its safe navi-
gation and physical geography.

To enlist the service of euch a large corps of observers, and to
have the attention of so many clever and observant men directed to

of 15 cents perday for & period of 15 days, which will give an aggregate of 2,250,000 dollars
saved per annom. This is on the mﬂmvwm;mmmnmmﬂngﬂm-ﬂ
other parts of the world Is also left out of the culcnlation. Take thess into consideration,
and also the fact that there Is a vast amount of foreign tonnage trading between these places
and the United States, and it will be seen that the annual sum saved will swell to an enormous
amount.”— Exiract from funi's Merchant's Magazine, May, 1854,
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the same subject, was s great point gained : it was a giant stride in
the advancement of knowledge, and a great step toward its spread
upon the waters,

Important results soon followed, and great -discoveries were made.
These attracted the attention of the commercial world, and did not
escape the notice of philosophers everywhere.

The field was immenge, the harvest was plenteous, and there were
both need and room for more labourers. Whatever the reapers
should gather, or the merest gleaner collect, was to go to the benefit
of commerce and navigation—the increase of ‘kmowledge—the good
of all.

Therefore, all who use the sea were equally interested in the
undertaking. The Government of the United States, so considering
the matter, proposed a uniform system of observations at sea, and
invited all the maritime states of Christendom to a conference upon
the subject. .

This conference, consisting of representatives from France, England,
and Russia, from Sweden and Norway, Holland, Denmark, Belgium,
Portugal, and th® United States, met in Brussels, August 23, 1853,
and recommended a plan of observations which should be followed
on board the vessels of all friendly nations, and especially of those
there present in the persons of their representatives,

Prussia, Spain, Sardinia, the Holy See, the free city of Ham-
burg, the republics of Bremen and Chili, and the empires of Austria
and Brazil, have since offered their co-operation also in the same plan.

Thus the sea has been brought regularly within the domains of
philosophical research, and crowded with observers.

In peace and in war these observations are to be carried on; and,
in case any of the vessels on board of which they are conducted may
be captured, the abstract log—as the journal which contains these
cbeervations is called—is to be held sacred.

Baron Humboldt is of opinion that the results already obtained
from this system of research are suffictent to give rise to a mew
department of science, which he has called the Prvsicar GEo-
GRAPHY OF THE SEA. If so much has already been accomplished
by one nation, what may we not expect, in the course of a few years,
from the joint co-operation of so many?
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Rarely before has there been such a sublinie spectacle presented
to the scientific world : all nations agreeing to unite and co-ope-
rate in carrying out one system of philosophical research with regard
to the sea. Though they may be enemies in all else, here they are
to be friends. Every ship that navigates the high seas, with these
charts and blank abstract logs on board, may henceforth be regarded
88 a floating observatory, a temple of science. The instruments
used by every co-operating veasel are to-be compared with stand-
ards that are common to all; go that an observation that is made
anywhere, and in any ship, may be referred to and compared with
all similar observations by all other ghips in all parts of the world.

But these meteorological observations which this extensive and
admirable system includes will relate only to the sea. This is not
enough. The plan should include the land also, and be universal,
Other great interests of society are to be benefited by such extension
no less than commerce and navigation have been. A series of sys-
tematic observations, directed over large districts of country, nay,
over continents, to the improvement of agricultural and sanitary
meteorology, would, I have no doubt, tend to @ development of
many interesting, important, and valuable results.

The agricultural societies of many states of the Union have
addressed memorials to the American Congress, asking for such
extension ; and it is hoped that that enlightened body will not fail
favourably to respond.

This plan contemplates the co-operation of all the states of Chris-
tendom, at least so far as the form, method, subjects of observations,
time of making them, and the interchange of results are concerned.
I hope that my fellow-citizens will not fail to second and co-operate
in such a humane, wise, and noble scheme. The Secretary of the
Navy, taking the enlarged and enlightened views which do honour
to great statesmen, has officially recommended the adoption of such
a system, and the President has asked the favourable consideration
thereof by Congress. These researches for the land look not only to
the advancement of the great interests of sanitary and agricultural
meteorology, but they involve also a study of the laws which regu-
late the atmosphere, and a careful investigation of all its phenomena.

Another beautiful feature in this system is, that it costs nothing
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additional. The instruments that these observations at sea call for
are such gs are already in use on’ board of every well-conditioned
ship, and the observations.that are required are precisely those which
are necessary for her safe and proper navigation, “

Great as is the value attached to what has been accomplished
by these researches, in the way of shortening passages and lessening
the dangers of the sea, a good of higher value is, in the opinion of
many seamen, yet to come, out of the moral, the educational in-
fluence which they are caleulated to exert upon the seafaring com-
munity of the world. A very clever English shipmaster, speaking
recently of the advantages of educational influences among those
who intend to follow the sea, remarks :—

“To the cultivated lad there iz a new world spread out when he
enters on his first voyage. As his education has fitted, so will he
perceive, year by year, that his profession makes him acquainted
with things new and instructive. His intelligence will enable him
to appreciate the contrasts of each country, in its general aspect,
manners, and productions, and in modes of navigation adapted to
the character of®coast, climate, and rivers. He will dwell with in-
terest on the phases of the ocean,—the storm, the calm, and the
breeze, and will look for traces of the laws which regulate them.
All this will induee a serious earnestness in his work, and teach him
to view lightly those irksome and often offensive duties inecident to
the beginner.”*

And that these researches have such an effect, many noble-
hearted mariners have testified. Captain Phinney, of the American
ship Gertrude, writing from Callao, January 1855, thus expresses
himself :—

“ Having to proceed from this to the Chincha Islands, and remain
three months, I avail myself of the present opportunity to forward to
you abstracts of my two passages over your southern routes, although
not required to do so until my own return to the United States next

* 4 The Log of & Merchant Officer, viewed with reference to the Education of Young
Officers and the Youth of the Merchant Service. By Robert Methren, commander in the
Peninsular and Oriental Company, and anthor of the * Narrative of the Blenheim Hurricana
of 185L'" London: John Weale, &0 High Helborn; Smith, Elder, and Co., Cornhilly
Ackerman and Co,, Btrand. 1834,
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summer, knowing that you are leas amply supplied with abstracts of
voyages over these regions thar of many other parts of the ocean ;
and, such as it is, T am happy to contribute my mite toward furnish-
ing ;you with material to work out still farther toward perfection
your great and glorious task, not only of pointing out the most
speedy routes for ships to follow over the ocean, but also of teaching
us sailors to look about us, and see by what wonderful manifestations
of the wisdom and goodness of the great God we are continually sur-
rounded.

“For myself, I am free to confess that for many years I com-
manded a ship, and, although never insensible to the beauties of
nature upon the sea or land, I yet feel that, until I took up your

- work, I had been traversing the ocean blindfolded. I did not think ;
I did not know the amazing and beautiful combination of all the
works of Him whom you so beautifully term *The Great First
Thought.! '

“1 feel that, aside from any pecuniary profit to myself from your
labours, you have done me good as a man. You have taught me to
look above, around, and beneath me, and recognife God's hand in
every element by which I am surrounded. I am grateful for this
personal benefit. Your remarks on this subject, so frequently made
in your work, cause in me feelings of the greatest admiration,
although my eapacity to comprehend your beautiful theory is very
limited.

“The man of such sentiments as you express will not be displeased
with, or, at least, will know how to excuse, so much of what (in a
letter of this kind) might be termed irrelevant matter. I have there-
fore spoken as I feel, and with sentiments of the greatest respect.”
- Sentiments like these cannot fail to meet with a hearty response
from all good men, whether ashore or afloat.

Never before has such a corps of observers been enlisted in the
cauge of any department of physical seience as is that which is now
about to be.engaged in advancing our knowledge of the Physical
Geography ofthe Sea, and never before have men felt such an interest
with regard to this knowledge.

Under this term will be included a philosophical account of the
winds and currents of the sea ; of the cireulation of the atmosphere
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and ocean ; of the temperature and depth of the sea ; of the wonders
that lie hidden in its depths; and of the phenomena that display
themselves at its surface. In short, I shall treat of the economy of
the sea and its adaptations—of its salts, its waters, its climates, and
its inhabitants, and of whatever there may be of general interest in
its commercial uses or industrial pursuits, for all such things pertain
to its PHYS10AL GGEOGRAFHY.

The object of this little book, moreover, is to show the present
state, and from time to time the progress, of this new and beautiful
system of research, as well as of this interesting department of
science ; and the aim of the author is to present the gleanings from
this new field in a manner that may be interesting and instructive
to all, whether old or young, ashore or afloat, who desire a closer
look into “the wonders of the great deep,” or a better knowledge as
to its winds, its adaptations, or its Physical Geography.*

* There is an old and very rare book which treats npon some of the subjects to which
this little work relates: it is by Count L. F. Marsigll, a Frenchman, and 1s called ** Natural
Desecription of the Seas.™ The copy to which I refer was translated into Dutch by Boer-
haave, in 1788, -

The French count made his observations along the coast of Provence and Languedoe.
‘The description only relates to that part of the Mediterranean. The book @3 divided into
four chapters;—the first, on the bottom and shape of the sea; the second, of sea water; the
third, on the movements of sea water; and the fourth, of sea plants,

He divides sea water into surface and deep-sea water ; because, when he makes salt from
surface water (not more than half a foot below the upper strata), this salt will give a red
colour to blue paper, whereas the salt from deep-sea water will not alter the colour at all.
The blue paper can only change its colour by the action of an acid. The reason why this
acld (lodinef) s found in surface and not in deep-sea water Is, It Is derlved from the air;
but he pupposes that the saltpetre that is found in sea water, by the sction of the sun's rays
and the motion of the waves, Is deprived of its coarse parts, and, by evaporation, embodied
in the air, to be conveyed to beasts or plants for thelr existence, or deposited upon the
earth’s crust, as it oceurs on the plains of Hungary, where the earth absorbs so much of this
saltpetre vapoar. ‘

Donatl, alsa, was & valuable labourer in this fleld. His Inquiries enabled Mr, Trembley!
to comclude that there are, “at the bottom of the water, mountalns, plains, valleys,
caverns, just as upon the land.” "

But by far the most Interesting and valuable book touching the physical geography of
the Mediterranean is Admiral Smyth's last work, entitled “The Hdlm; s Memuoir,
Physical, Historical, and Nautical. By Rear-Admiral William Henry Smyth, K.8F., D.C.L,"
&e. London: John W. Parker and Son. 1854

1 Philosophleal Transactions
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THE department of the Physical Geography of the Sea is a new field
of research : there is great activity in it ; and it is the aim of the
author of this work to keep its readers posted up with the improve-
ments, the developments, and the contributions that are made in
this interesting field from time to time.

‘The present edition contains much that is new ; for the fifth edition
has been most carefully revised,—much of it has been recast aud
some parts omitted.

The desire is, that this work shall keep pace with the progress of
research. As it may be supposed, facts are sometimes misinterpreted
or not understood when first developed. Whenever subsequent
research shows such to have been the case, I have not hesitated to
tear down whatever of conjecture or theory may have been built on
unstable foundations, and to reconstruet aceording to the best lights,

It is proper to say, that, in accounting for the various phenomena
that present themselves, 1 am wedded to no theories, and do not
advocate the doctrines of any particular school. Truth is my object.
Therefore, when the explanation which T may have at any time
offered touching any facts fails to eatisfy further developments, it is
given up the moment one is suggested which will account for the
new, and equally as well for the old, system of facts. In every
instance that theory is preferred which is reconcilable with the
greatest number of known facts. The chapter of the Gulf Stream
has been enriched with the results of recent investigation, and the
theory of it further developed ; so, also, that on the Salts of the Sea,
the Open Sea in the Arctic Ocean, the Basin of the Atlantic, and
several others ; but these especially have been greatly improved.
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A separate chapter is now devoted to the Land and Sea Breezes,
and extensive contributions have been made to that on Monsoons,
Trade Winds, and Cyclones. Lieutenant Jansen. of the Duteh Navy,
has helped me to enrich these with his fine thoughts. The reader
will, I am sure, feel as I do, deeply indebted to him for so much
instructive matter, set forth in his very delightful and pleasing
manner. )

MNatio¥AL OBSERVATORY, WASIINGION. -
April, 1656,

Sinee the above date, explorations have been made in this
interesting department of science, and new veins of precious ore
have been hit upon. We have not yet gone deep enough into
them to justify a final report.!

In 1849 Congress passed an Act requiring the Secretary of the
Navy to employ three small vessels in assisting me to perfect my
discoveries. A few weeks ago, Lieutenant Berryman put to sea
in the *Arctic” on this duty. His attention was especially
directod to deep-sea soundings along the great telegraphic plateau
stretching from Newfoundland to Ireland. The results, so far,
are of the highest interest. Among them is the discovery of a
line of volecanic cinders along a line a thousand miles in length,
and reaching entirely across the Gulf Stream where the submarine
telegraph is to cross it.

Therc is also Lieutemant Jansen’s experiments upon Ozone,
which ecast unexpected light upon the circulation of the atmo-
sphere,

Matter of more general or higher scientific importance than
that contained in this new Edition is seldom gathered from any
fields of research. )

December, 1856,

! Fide subsequent additions In the present Edltion, Chapters xxi xxil




EXPLANATION OF THE PLATES.

—

Pur: I is a diagram to illustrate the circulation of the atmosphere {Chap.
IIL). arrows and bands within the circumference of the circle are
ml.nml-ndln slmw the calm belts, and prevailing direction of the wind on each
section of those belts, The arrows exterior to the periphery of the cirele—
which is a section of the earth supposed to be made in the plane of the meridian
—are intended to show the direction of the upper and lower strata of winds
the general system of atmospherical mmlat-wn and also to illustrate how the
urh:wghthynebmtothnulm belnt&muomd.lordemndl,as the
and then, wni.mn:.ng to flow on hmnl. eroases over in the direc-
hml'l it was I.rnvullmg when it arrived at the calm zone.

P:l.u:s IL. and III. are drawings of Brooke's Deep-sea Sounding Apparatus,

for hnn;ms r. specimens of the bottom (§ 701).

TE | intended to illustrate the extreme movements of the isotherms
50°, 60°, 70°, &e., in the Atlantic Ocean during the year. The connection be-
tween the law of this motion and the climates of the sea is exceedingly interesting.

Prare V. is a section taken from one of the manuscript charts at the O
vatory. It illustratgs the method adopted there for co-ordinating fucr the Pilos
Charts the winds as reported in the abstract loge. ~For this purpose the ocean
is divided into convenient sections,—usually five degrees of latitude b:r ﬁve de-
grees of longitude. These ograms are then subdivided into & system of
engraved squares, the months of the year being the ordinates, and the points of
the compass being thoabscissm. As the wind is reported by a vessel that passes
-u:mu;;h m; part of the parallelogram, so it is assumed to have been ok that time

From tuch investigations as this the Pilot Charis
(ﬁ 929'1 are mnnmta

Prate VL. illustrates the position of the channel of the Gulf Swem ('3]1!
ﬁlrmmnrm&'mwr The diagram A a thermometrical
y eross-sections of the Gulf Stream, according to nbaernuunl
m'plumﬁ parties of the United Btates' Coast Survey. The eIemr.nl.a fnr
agram were kindly fornished me by the superintendent of that work.
They are from a tﬂ:}p&r on the Gulf Stream, m&lbylum before the American
.!mmhun for the Advancement of Science, at its meeting in Washington, 1854.
& vessel to sail from the Capes of Virginia t out t0 sea, crossing
thel ulf Stream at right angles, n.n«feulr.mg the temperature of its waters at the
sarface and at various depths, diagram shows the elevation and depression
ufﬂmthmm‘lermulhmaectwn as they were actually observed by such a

weasal, ;

The black lines z, g, 2, in the Gulf Stream, show the ecourse which those
threads of warm waters take (§ 57). The lines a, b, show the computed drift
route that the unfortunats steamer SBan Francisco would take afier her terrible
disaster in December 1858,

Prare VIL Ilmtundsdhlhuwhuwthnmndlmubemmﬂgedu ical agenta,
It.lhm‘l'harethawmd.nth& in the gmnlsymm Btmm nmlcmnh-
tion, blow over the deserts thirsty lands in rlvrhmﬂm
annual amount of pmcipimiuu is mll} are mppnsul to get their vapour
where, as surface winds, they are su booondauue;yerhculole anli
Whlﬂurﬂlu'mmppmadhlmmmthu residue th through the upper

lmhlt-hey again become surface wi
F ::IYIILI.h«u pnmhn;duutmnufﬂm‘mﬂdmngthemmdl
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of the ocean, as derived from the series of inrmmnnl illustrated on

late VII. It also shows the prmclpa.l routes across the seas to various places,
the cross-lines representing the yards are oblique to ﬂls keel of the vessel,

they indicate that the winds are, for the most when mrpend:.culn.r

or m,thutthemdslm,farthamm.ﬂt figures on or near
&h-ﬂﬁammqmpmmﬁn;theWs.shw wlemgthocrthepumgem

HY

E.gmuwndanmﬂmip revailing direction of the wind ; they are sup: udt.u.
ﬂymﬂlrﬁ aothalithewndugmngur.heumw-pmnt Tllehllfbm.rdedl.nd

arrows represent monsoons (§ 763), and the stippled or shaded
tnlut.hau]mlrmeu.

In the regions on the polar side of the ealma of Capricorn and of Cancer,
where the arrows are flying both from the north-west and the south-west, the idea
intended to be conw m,tha&thammhngﬂ:mchunofthamnd:uldwm
the north-west and t mﬁmmmtmmﬁqumquﬁommwu
quarters in proportion to the num

Prate I ummrdaltouhwﬂmpr_tmhnfmkmwled with regard
hthed.nﬂ.ofthaomn,or,mm y,wi&hregudt«nthegrmﬂo'nfpﬂlu
and equatorial waters, and ag?unaln circulation as indieated by the ther-
mom{m{ﬁm). Pur:.hu-mafn:;]&: wmblaui:o:]n mdr.hu The
'most favourite places of resort whale—right gperm in warm
“Fhu‘exmmﬁ:lblmnnmuﬂ%}ﬂ storm, which is B5) of th

LATE exhibits act & w a of the
West Indian hurricanes. Mr. , Colonel Reid, and m(ﬂ.ﬂ
out the of u number of such storms, Allod‘thuchnuppeutamkel‘w
'l-iug(h] Btream : after reaching it, they turn about and follow it in their course

Inz[ﬂ‘r?idﬂ.mgtanm 'lh:f Caleutta hu'dmld.et.hu Bl.lt“d]l.'.hﬂndmhnmm, which are
& to ect of pﬂheut, mihﬁuﬁptmm He
calls them cyclones, u.tcril ‘rc ted much valuable information concerning them,
wﬁ;h ﬁuybefuund“eiubramd in his “'Sailor’s Hw;:nhmk” "Gu;;fnhﬂm
about umenms,“ numerons papers published from time to in the
Journal of the Asiatic Bociety.

Prares II and XII. apakfur themselves. They are hic for the
North Athnucom and exhibit md;ﬂetelylhnpmntm our know-
ed? tnlbulnnhnns in the bed of the sea; Plate
X1 a:h.lbmnglvemnlleﬂ.Imofthe ﬂlnue,ndlhawm;thnmtnnnnf
its bottom with the sea-level in & line from Mexico across Yucatan, Cuba, Ban
Domingo, and the Cape de V to the coast of .!.fn.n,ml.rksd.&onl’lltell .
Prate XIII.—The data for Flate are farnished by Maury’s Storm and
Rain Charts, including observations for lwrmdlylmlhs North Athnhc,md
}}53025::1 t-hfnso;% collated by Licutenant J. J. Guthrie, at the W

1
'l‘hahequrmlllme- 5, 10°, 15°, ke., of latitnde; the
other vertical lines, months; and the bo Mm,anhanmbu
nl'dayamahu.ndnd.

he continmous curve line stands for phenomena in the K nd the
:hmkutiua;“ line furhphenﬂmn :nﬁ &u&:.&thnﬂah’l"i:l the o
ows in ew undred da; on the & mouth
of different ¥ ml.here have &n ﬁ g
mhjhtmthepunllehnlm‘udw vlu:reud
time and between the same els in the southern “Imlﬂgdu
nnﬂmnmrnga(lﬂ cent.)

The fact is here developed that the ere is in a more unstable condition
in the North than in the South Atlantic; we have more calms, more rains,
mmf mmjeqnndmmthudm’mﬂlenmihmthmilthﬂnn&m

particularly between the equator and the 55th parallel. Beyond
mﬂmd&m Horn becomes manifest.
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PHYSICAL GEOGRAPHY OF THE SEA.

CHAPTER L
THE GULF STREAM

Its Colour, § 2.—Theories, 5,—Captain Livingston's, 6.—Dr. Franklin's, T.—
Admiral Smyth and Mediterranean Currents, 8. —Trade Winds not the Cause
of the Gulf Stream, 8. —Drift of Bottles, 12.—Sargasso Sea, 13.—Hypothetical
Bystem of Currents, 19.—@alvanic Properties of the Gulf Stream, 26.—8alt-
ness of ditte, 29.—Effects produced upon Currents by Evaporation, 32.—Gulf
Btream Roof-shaped, 39.—Effects of Diurnal Rotation upon Running Water,
42 —Course of the Gulf Stream not altered by Nantucket Shoals, 52.—The
Trough in the Sea through which the Gulf Stream flows has a Vibratory Mo-
tion, 54.—Streaks of Warm and Cold Water in the Gulf Stream, 57.—Runs
up Hill, 59, —A Cushion of Cold Water, 60,

THERE is a river in the ocean. In the severest droughts onsrra
it never fails, and in the mightiest floods it never over- —
flows. Its banks and its bottoms are of cold water, while g:ﬂ
its current is of warm. The Gulf of Mexico is its foun- swesn
tain, and its mouth is in the Arctic Seas. It is the Gulf
Stream, There is in the world no other such majestic
flow of waters. Its current is more rapid than the Missis-
sippi or the Amazon, and its volume more than a thousand
times greater.

Its waters, as far out from the Gulf as the Carolina §2
coasts, are of an indigo blue. They are so distinctly rgumeind

.marked, that their line of junction with the common sea
1
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water may be traced by the eye. Often one half of the I
vessel may be perceived floating in Gulf Stream water,
while the other half is in common water of the sea; so
sharp is the line, and such the want of affinity between
those waters, and such, too, the reluctance, so to speak,
on the part of those of the Gulf Stream to mingle with
the common water of the sea.

At the salt-works in France, and along the shores
of the Adriatic, where the “salines” are carried on by
the process of solar evaporation, there is a series of vats
or pools through which the water is passed as it comes
from the sea, and is reduced to the briny state. The
longer it is exposed to evaporation the salter it grows,
and the deeper is the hue of its blue, until erystallization
is about to commence, when the now deep blue water
puts on a reddish tint. Now the waters of the Gulf
Stream are salter' than the waters of the sea through
which they flow, and hence we can account for the deep
indigo blue which all navigators observe off the Carolina
coasts,

These salt-makers are in the habit' of judging of
the richness of the sea water in salt by its colour—the
greener the hue, the fresher the water. We have in this,
perhaps, an explanation of the contrasts which the waters
of the Gulf Stream present with those of the Atlantic, as
well as of the light green of the North Sea and other
Polar waters; also of the dark blue of the trade-wind
regions, and especially of the Indian Ocean, which poets
have described as the “black waters.”

What is the cause of the Gulf Stream has always
puzzled philosophers. Many are the theories and numer-

180,
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ous the speculations that have been advanced with regard cmapras
40 it Modern investigations and examinations are be- ..
ginning to throw some light upon the subject, though all

is not yet clear,

Early writers maintained that the Mississippi River mheories
was the father of the Gulf Stream. TIts floods, they said, tas.
produce it; for its velocity, it was held, could be com-
puted by the rate of the current of the river.

Captain Livingston overturned this hypothesis by show- § ¢
ing that the volume of water which the Mississippi River g'v:;u
empties into the Gulf of Mexico is not equal to the three-
thousandth part of that which escapes from it through
the Gulf Stream.

Moreover, the water of the Gulf Stream is salt—that
of the Mississippi fresh; and those philosophers' forgot

that just as much salt as escapes from the Gulf of Mexico

through this stream, must enter the Gulf through some
other channel from the main ocean ; for, if it did not, the
Gulf of Mexico, in process of time, unless it had a salt
bed at the bottom, or was fed with salt springs from
below—neither of which is probable—would' become a
fresh water basin.

The above quoted argument of Captain Livingston,
however, was held to be conclusive ; and upon the remains
of the hypothesis which he had so completely overturned
he set up another, which, in turn, has been upset. In it

" he ascribed the velocity of the Gulf Stream as depending

“on the motion of the sun in the ecliptic, and the influ-
ence he has on the waters of the Atlantie.”

But the opinion that came to be the most generally §7
received and deep rooted in the mind of seafaring people

195_
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was the one repeated by Dr. Franklin, and which held
that the Gulf Stream is the escaping of the waters that
have been forced into the Caribbean Sea by the trade-
winds, and that it is the pressure of those winds upon
the water which forces up inte that sea a head, as it
were, for this stream.

We know of instances in which waters have been ac-
cumulated on one side of a lake, or in one end of a canal,
at the expense of the other. The pressure of the trade-
winds may assist to give the Gulf Stream its initial
velocity, but are they of themselves adequate to such an
effect? To my mind, the laws of Hydrostatics, as at
present expounded, appear by no means to warrant the
conclusion that it is, unless the aid of other agents also
be brought to bear,

Admiral Smyth, in his valuable memoir on the Medi-
terranean (p. 162), mentions that a continuance in the
Sea of Tuscany of “gusty gales” from the south-west
has been known to raise its surface mo less than twelve
feet above its ordinary level. This, he says, occasions a
strong surface drift through the Strait of Bonifaccio. But
in this we bave nothing like the Gulf Stream ; no deep
and narrow channel-way to conduct these waters off like
a miniature river even in that sea, but a mere surface
flow, such as usually follows the piling up of water in
any pond or gulf above the ordinary level. The Boni-
faccio current does not flow like a “river in the sea”
across the Mediterranean, but it spreads itself out as soon
as it passes the Straits, and, like a circle on the water,
loses itself by broad spreading as soon as it finds sea-
room.
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. *Supposing the pressure of the waters that are forced emarrzs
into the Caribbean Sea by the trade-winds to be the sole o8
cause of the Gulf Stream, that Sea and the Mexican Gulf §9
should have a much higher level than the Atlantic.
Accordingly, the advocates of this theory require for its
'aupport. “q great degree of elevation,” Major Rennell

likens the stream to “an immense river descending from

a higher level into a plain.” Now, we know very nearly

the average breadth and velocity of the Gulf Stream in Bresatn

and relo-

the Florida Pass. We also know, with a like degree of cityin te
approximation, the velocity and breadth of the same .
waters off Cape Hatterns. Their breadth here is about
-seventy-five miles against thirty-two in the “Narrows”

of the Straits, and their mean velocity is three knots off
Hatteras against four in the “ Narrows.” This being the off cape
case, it is easy to show that the depth of the Gulf Stream

off Hatteras is not so great as it is in the “ Narrows” of
Bemini by nearly 50 per cent., and that, consequently,
instead of descending, its bed represents the surface of

an inclined plane, with its descent inclined from the north
toward the south, wp which plane the lower depths of

the stream smust ascend. If we assume its depth off ilona
Bemini® to be two hundred fathoms, which are thought

to be within limits, the above rates of breadth and welo-

city will give one hundred and fourteen fathoms for its

depth off Hatteras. The waters, therefore, which in the

Straits are below the level of the Hatteras depth, so far

from descending, are actually forced up an inclined plane, iy

* Professor Bache reports that the officers of the Coast Survey have sounded
with the deep sea lead, and ascertamned its depth here to be 870 fathoms (Janu-
ary, 1856).
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omarrer Whose submarine ascent is not less than ten inches to the

I
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§11

Curments

mile.

The Niagara is an “immense river descending into
a plain” But instead of preserving its character in
Lake Ontario as a distinet and well-defined stream for
several hundred miles, it spreads itself out, and its waters
are immediately lost in those of the lake. Why should
not the Gulf Stream do the same? It gradually enlarges
itself, it is true; but, instead of mingling with the ocean
by broad spreading, as the “immense rivers” descending
into the northern lakes do, its waters, like a stream of oil
in the ocean, preserve a distinctive character for more
than three thousand miles.

Moreover, while the Gulf Stream is running to the
north from its supposed elevated level at the south,
there is a cold current coming down from the north ;
meeting the warm waters of the Gulf midway the ocean,
it divides itself, and runs by the side of them right back
into those very reservoirs at the south, to which theory
gives an elevation sufficient to send out entirely across
the Atlantic a jet of warm water said to be more than three
thousand times greater in volume than the Mississippi River.
This current from Baffin’s Bay has not only no trade-
winds to give it a head, but the prevailing winds are
unfayourable to it, and for a great part of the way it is
below the surface, and far beyond the propelling reach of
any wind. And there is every reason to believe that
this, with other polar currents, is quite equal in volume
to the Gulf Stream. Are they not the effects of like
causes? If so, what have the trade winds to do with
the one more than the other ?
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It is a custom often practised by seafaring people cmarren
to throw a bottle overboard, with a paper, stating the ——
time and place at which it is done. In the absence of §12
other information as to currents, that afforded by these oo de-
mute little navigators is of great value. They leave no votties
tracks behind them, it is true, and their routes can not
be ascertained. But knowing where they were cast, and
seeing where they are found, some idea may be formed
as to their course. Straight lines may at least be drawn,
showing the shortest distance from the beginning to the
end of their voyage, with the time elapsed Admiral Aswira
Beechey, RN, has prepared a chart, representing, in this —
way, the tracks of more than one hundred bottles. From
it, it appears that the waters from every quarter of the
Atlantic tend toward the Gulf of Mexico and its stream.
Bottles cast into the sea midway between the Old and
the New Worlds, near the coasts of Europe, Africa, and’
Amerieca, at the extreme north or farthest south, have
been found either in the West Indies, or the British
Isles, or within the well-known range of Gulf Stream
waters.

Of two cast out together in south latitude on the coast
of Africa, one was found on the island of Trinidad ; the
other on Guernsey, in the English Channel. In the ab-
sence of positive information on the subject, the circum-
stantial evidence that the latter performed the tour of
the Gulf is all but conclusive. And there is reason to
suppose that some of the bottles of the admiral’s chart
have also performed the tour of the Gulf Stream ; then,
without being cast ashore, have returned with the drift
along the coast of Africa into the inter-tropical region;
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thence through the Caribbean Sea, and so on with the
Gulf Stream again. (Plate VI.)

Another bottle, thrown over off Cape Horn by an
American master, in 1837, has been recently pil;;ked up
on the coast of Ireland An inspection of the chart, and
of the drift of the other bottles, seems to force the con-
clusion, that this bottle too went even from that remote
region to the so-called higher level of the Gulf Stream
Teservoir.

Midway the Atlantic, in the triangular space between
the Azores, Canaries, and the Cape de Verd Islands,
is the Sargasso Sea. (Plate VI) Covering an area
equal in extent to the Mississippi Valley, it is so thickly
matted over with Gulf Weeds (fucus natans), that the
speed of vessels passing through it is often much retarded.
When the companions of Columbus saw it, they thought
it marked the limits of navigation, and became alarmed.
To the eye, at a little distance, it seems substantial enough
to walk upon. Patches of the weed are always to be
seen floating along the outer edge of the Gulf Stream.
Now, if bits of cork or chaff] or any floating substance,
be put into a basin, and a cireular motion be given to
to the water, all the light substances will be found
crowding together near the centre of the pool, where
there is the least motion. Just such a basin is the
Atlantic Ocean to the Gulf Stream; and the Sargasso
Sea is the centre of the whirl Columbus first found
this weedy sea in his voyage of discovery ; there it Las
remained to this day, moving up and down, and changing
its position like the calms of Cancer, according to the
seasons, the storms, and the winds Exaect observations
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88 to its limits and their range, extending back for fifty onurrex

L

years, assure us that its mean position has not been —_
altered since that time. This indication of a c-mma,rﬂu”.;';‘“.:
motion by the Gulf Stream is corroborated by the bottle "™
chart, by Plate VL, and other sources of information. If,
therefore, this be so, why give the endless current a higher

level in one part of its course than another?

Nay, more ; at the very season of the year when §14
the Gulf Stream is rushing in greatest volume through
the Straits of Florida, and hastening to the north with
the greatest rapidity, there is a cold stream from Baffin's con
Bay, Labrador, and the coasts of the morth, running to from
the south with equal velocity. Where is the trade-wind pay. -
that gives the higher level to Baffin’s Bay, or that even
presses upon, or assists to put this current in motion?

The agency of winds in producing currents in the desp
sea must be very partial. These two currents meet off
the Grand Banks, where the latter is divided. One part

of it underruns the Gulf Stream, as is shown by the ice- its diree
bergs, which are carried in a direction tending across its o
course. The probability is, that this “fork” flows on
toward the south, and runs into the Caribbean Sea, for
the temperature of the water at a little depth there Las
been found far below the mean temperature of the earth’s
crust, and quite as cold as at a corresponding depth off
the Arctic shores of Spitzbergen.

More water can not run from the equator or the g5
pole than to it. If we make the trade-winds fo cause curents
the Gulf Stream, we ought to have some other wind to :ﬁ‘:}
produce the Polar flow ; but these currents, for the most winds

part, and for great distances, are submarine, and there-




10 THE PHYSICAL GEOGRAPHY OF THE SEA.

cusrree fore beyond the influence of winds. Hence it should

- appear that winds have little to do with the general
system of aqueous circulation in the ocean.

The other “fork” runs between us and the Gulf

Stream to the south, as already deseribed. As far as it

has been traced, it warrants the belief that it, too, runs

up to seek the so-called higher level of the Mexican Gulf

§16 The power mnecessary to overcome the resistance
opposed to such a body of water as that of the Gulf
Stream, running several thousand miles without any
renewal of impulse from the forces of gravitation or any
other known cause, is truly surprising. It so happens
that we have an argument for determining, with consi-

e derable accuracy, the resistance which the waters of this

sueam.  stream meet with in their motion toward the east. Owing
to the diurnal rotation, they are carried around with the
earth on its axis toward the east with an hourly velocity
of one hundred and fifty-seven* miles greater when they
enter the Atlantic than when they arrive off the Banks
of Newfoundland ; for, in consequence of the difference
of latitude between the parallels of these two places, their
rate of motion around the axis of the earth is reduced
from nine bundred and fifteent to seven hundred and
fifty-eight miles the hour.

§17 Therefore this immense volume of water would, if
we suppose it to pass from the Bahamas to the Grand
Banks in an hour, meet with an opposing force in the

* In this calenlation the earth is treated as a perfect sphere, with a diameter
of 792556 miles. ’

+ Or 91526 to 758°60. On the latter parallel, the current has an east seb of
about one and & half miles the hour, making the true velocity to the east ; and

on the axis of the earth, about seven hundred and sixty miles an hour at the
trand Banks.
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shape of resistance sufficient, in the aggregate, to retard camaerea
it two miles and a half the minute in its eastwardly rate, —
If the actual resistance be caleulated according to received
laws, it will be found equal to several atmospheres. And

by analogy, how inadequate must the pressure of the
gentle trade-winds be to such resistance, and to the effect
assigned them? If, therefore, in the proposed inquiry,

we search for a propelling power nowhere but in the
higher level of the Gulf, we must admit, in the head of
water there, the existence of a force capable of putting in
motion, and of driving over a plain at the rate of four
miles the hour, all the waters, as fast as they can be
brought down by three thousand' such streams as the
Mississippi River,—a power at least sufficient to over-
come the resistance required to reduce from two miles

and a half to a few feet per minute the velocity of a
stream that keeps in perpetual motion one fourth of all

the waters in the Atlantic Ocean.

The facts, from observation on this interesting sub- § 18
ject, afford us at best but a mere glimmer of light, by ¥
no means sufficient to make any mind clear as to afote
higher level of the Gulf, or as to the sufficiency of any fhe Gut
other of the causes generally assigned for this wonderful
stream. If it be necessary to resort to a higher level in
the Gulf to account for the velocity off Hatteras, I cannot
perceive why we should not, with like reasoning, resort
to a higher level off Hatteras also to account for the velo-
city off the Grand Banks, and thus make the Gulf Stream,
throughout its circuit, a descending current, and, by the
reductio ad absurdum, show that the trade-winds are
not adequate to the effect aseribed. Moreover, the top

1§6
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onsrrer of the Gulf Stream runs on a level with the ocean, there-

€19

Hrpothe=
e,

§20

§21

fore we know it is not a descending current.

When facts are wanting, it often happens that hypo-
thesis will serve, in their stead, the purposes of illus-
tration. Let us, therefore, suppose a globe of the earth’s
size, having & solid nuclens, and covered all over
with water two hundred fathoms deep, and that every-
source of heat and cause of radiation be removed, so
that its fluid temperature becomes constant and uniform
throughout. On such a globe, the equilibrium remain-
ing undisturbed, there would be neither wind nor cur-
rent,

Let us now suppose that all the water within the
tropics, to the depth of one hundred fathoms, suddenly
becomes oil. ~The aqueous equilibrium of the planet
would thereby be disturbed, and a general system of cur-
rents and counter currents would be immediately com-
menced—the oil, in an unbroken sheet on the surface,
running toward the poles, and the water, in an under
current, toward the equator. The oil is supposed, as it
reaches the polar basin, to be reconverted into water, and
the water to become oil as it crosses Cancer and Capri-
corn, rising to the surface in the intertropical regions, and
returning as before.

Thus, without wind, we should have a perpetual and
uniform system of tropical and polar currents. In con-
sequence of diurnal rotation of the planet on its axis,
each particle of oil, were resistance small, would approach
the poles on a spiral turning to the east, with a relative
velocity greater and greater, until finally it would reach
the pole, and whirl about it at the rate of nearly a thou-
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sand miles the hour. Becoming water and losing its cmarrsx

velocity, it would approach the tropics by a similar but

inverted spiral, twrning toward the west. Owing to the

principle here alluded to, all currents from the equator to

the poles should have an eastward tendency, and all from
~ the poles toward the equator a westward.

Let us now suppose the solid nucleus of this hypo- § 22

. thetical globe to assume the exact form and shape of the
bottom of our seas, and in all respects, as to figure and
gize, to represent the shoals and islands of the sea, as well
as the coast lines and continents of the earth. The
uniform system of currents just described would now be
interrupted by obstructions and local causes of various
kinds, such as unequal depth of water, contour of shore-
lines, &e. ; and we should have at certain places currents
greater in volume and velocity than at others. But still
there would be a system of currents and counter currents
to and from either pole and the equator. Now, do mot
the cold waters of the north, and the warm waters of the
Gulf, made specifically lighter by tropical heat, and which
we see actually preserving such a system of counter cur-
rents, hold, at least in some degree, the relation of the
supposed water and oil ?

Resilts of
bypothesis

In obedience to the laws here hinted at, there is a §23
constant tendencyof polar waters toward the tropies, and :‘:::;n-:cr
of tropical waters toward the poles. Captain Wilkes, of v
the United States Exploring Expedition, crossed one of

these hyperborean under-currents two hundred miles in
breadth at the equator.

Assuming the maximum velocity of the Gulf Stream § 24
at five knots, and its depth and breadth in the Narrows Awwmed

1 Plate [X.

wvelocity.
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cnarren of Bemini as before! the vertical section across would
. present an area of two hundred millions of square feet
moving at the rate of seven feet three inches per second.
vrmeane The difference of specific gravity between the volume
gty of Gulf water that crosses this sectional line in one
second, and an equal volume of water at the ocean
temperature of the latitude, supposing the two volumes
to be equally salt, is fifteen millions of pounds. If
these estimated dimensions (assumed merely for the pur-
poses of illustration) be within limits, then the force per
second operating here to propel the waters of the Gulf
toward the pole is the equilibrating tendency due to
fifteen millions of pounds of water in the latitude of
Bemini. This is in one scale of the balance. In the
other, the polar scale, there is the difference of specific
gravity due an equal volume of water in the polar basin,
on account of its degree of temperature as well as of salt!
ness,
§25 In investigating the currents of the seas, such agencies
;3:::‘_' should be taken into account. As a cause, I doubt
whether this one is sufficient of itself to produce a
stream of such velocity and compactness as that of the .
Gulf'; for, assuming its estimated discharge to be correct,
the proposition is almost susceptible of mathematical de- ¢
monstration, that to overcome the resistance opposed in
consequence of its velocity would require a force at least
sufficient to drive, at the rate of three miles the hour,
ninety thousand millions of tons up an inclined plane
having an ascent of three inches to the mile* Yet heat,
the very principle from which one of these agents is de-

* Suppoaing there be no resistance from friction.
180
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rived, is admitted to be one of the chief causes of those cmarrez
winds which are said to be the sole cause of this current. —
The chemical properties, or, if the expression be admis- § 26
lible, the galvanic properties of the Gulf Stream waters, komasars
as they come from their fountains, are different, or rather :L“:_

more intense, than they are in sea water gemerally. If
80, they may have a peculiar molecular arrangement or
viscosity that resists the admixture of other sea waters
differing in temperature and saltness, Itis a well known
fact, that waters of different temperatures, when put in
the same vessel, do not readily mix of themselves, but
require the process of agitation. Nor do large volumes
of water in motion readily admit of the admixture of
water at rest.

In 1843 the Secretary of the Navy took measures for Exper-
ments on
. procuring a series of observations and experiments with ses waer.

regard to the corrosive effects of sea water upon the cop-
per sheathing of ships. 'With patience, care, and labour,
these researches were carried on for a period of ten years;
and it is said the fact has been established, that the cop-
per on the bottom of ships ernising in the Caribbean Sea
and Gulf of Mexico suffers more from the action of sea
water upon it, than does the copper of ships cruising in

any other part of the ocean. In other words, the salts ;':““"'

. of these waters create the most powerful galvanic battery
that is found in the ocean.

Now, it may be supposed—other things being equal § 27

—that the strength of this galvanic battery in the sea
depends in some measure upon the proportion of salts
that the sea waters hold in solution, and also upon tem-
perature,
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If, therefore, in the absence of better information, ’
this suggestion be taken as a probability as to the origin
of these galvanic properties, we may go a step farther,
and draw the inference that the waters of the Gulf
Stream, as they rush out in such volume and with such
velocity into the Atlantic, have not only chemical affini-
ties peculiar to themselves, but, having more salts, higher
temperature, and a high velocity, they are not so per-
meable to water differing from them in all these respects,
and, consequently, the line of meeting between them and
the other water of the ocean becomes marked. This is
the case with almost all waters in rapid motion. Where
the Mississippi and Missouri rivers come together, there
is a similar reluctance on the part of their waters to mingle,
for the line of meeting between them can be traced for
miles below the junction of the two rivers.

The story told by the copper' and the blue colour®
indicates a higher point of saturation with salts than
sea water generally, and the salometer confirms it. Dr.
Thomassy, a French savanf, who has been extensively
engaged in the manufacture of salt by solar evapora-
tion, informs me that on his passage to the United
States he tried the saltness of the water with a most
delicate instrument : he found it in the Bay of Biscay to
contain 3% per cent. of salt; in the trade-wind region,
41% per cent. ; and in the Gulf Stream, off Charleston, 4
per cent., notwithstanding the Amazon and the Missis-
sippi, with all the intermediate rivers, and the clouds of
the West Indies, had lent their fresh water to dilute the
saltness of this basin.

Now, the question may be asked, What should make

1 p, 153,
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the waters of the Mexican Gulf and Caribbean Sea salter cmarrea

than the waters of like temperature in those parts of the =
ocean through which the Gulf Stream flows?

There are physical agents that are known to be at work 5 g1
in different parts of the ocean, the tendency of which Tigded
is to make the waters in one part of the ocean salter ™
and heavier, and in another part lighter and less salt
than the average of sea water. These agents are those
employed by sea-shells in secreting solid matter for their
structures ; they are also heat* and radiation, evaporation
_and precipitation.

In the trade-wind regions at sea,'evaporation is gener- § 32
ally in excess of precipitation, while in the extra-tropical respors.
regions the reverse is the case; that is, the clouds let =
down more water there than the winds take up again ;
and these are the regions in which the Gulf Stream
enters the Atlantic.

Along the shores of India, where experiments have been § 33
carefully made, the evaporation from the sea amounts
to three-fourths of an inch daily. Suppose it in the trade-
wind region of the Atlantic to amount to only half an
inch, that would give an annual evaporation of fifteen
feet. In the process of evaporation from the sea, fresh
water only is taken up, the salts are left behind.

Now, a layer of sea water fifteen feet deep, and as
broad as the trade-wind belts of the Atlantic, and reach-
ing across the ocean, contains an immense amount of salts,

The great equatorial current (Plate V1) which sweeps § 34
from the shores of Africa across the Atlantic into the
Caribbean Sea is a surface current; and may it not bear

* According to Dr. Marcet, sea water contracts down to 28°,
8 3 Plate VIIL

-
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casrrer into that sea a large portion of those waters that have

L

— satisfied the thirsty trade-winds with saltless vapour?
Resson for Tf go—and it probably does—have we not detected here

paltness of
Caribbean
Sea.

Eifects of
evApOIa-
tion.

the foot-prints of an agent that does tend to make the
waters of the Caribbean Sea salter, and therefore heavier
than the average of sea water at a given temperature?

It is immaterial, so far as the correctness of the prin--
ciple upon which this reasoning depends is concerned,
whether the annual evaporation from the trade-wind
regions of the Atlantic be fifteen, ten, or five feet. The
layer of water, whatever-be its thickness, that is evapo-
rated from this part of the ocean, is not all poured back
by the clouds in the same place whence it came. But
they take it and pour it down in showers upon the extra-
tropical regions of the earth—on the land as well as in
the sea—and on the land more water is let down than
is taken up into the clouds again. The rest sinks down
through the soil to feed the springs, and return through
the rivers to the sea. Suppose the excess of precipi-
tation in these extra-tropical regions of the sea to amount
to but twelve inches, or even to but two—it is twelve
inches or two inches, as the case may be, of fresh water
added to the sea in those parts, and which therefore tends
to lessen the specific gravity of sea water there to that
extent, and to produce a double effect, for the simple
reason that what is taken from one scale, by being put
into the other, doubles the difference.

§85 Now that we may form some idea as to the influ-

ence which the salts left by the vapour that the trade-
winds, north-east and south-east, take up from sea water,
is calculated to exert in creating currents, let us make a
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‘partial caleulation to show how much salt this vapour held enarrea
in solution before it was taken up, and, of course, while ——
it was yet in the state of sea water. The morth-east
trade-wind regions of the Atlantic embrace an area of at

least three million square miles; and the yearly evapora- suppowa
tion from it is! we will suppose, fifteen feet. The salt fin in the
that is contained in a mass of sea water covering R i
the depth of fifteen feet an area of three million squars

miles in superficial extent, would be sufficient to cover

the British islands to the depth of fourteen feet. As this

water supplies the trade-winds with vapour, it therefore
becomes salter, and as it becomes salter the forces of
aggregation among its particles are increased, as we may

infer from the fact?that the waters of the Gulf Stream

are reluctant to mix with those of the ocean. .

Whatever be the cause that enables these trade-wind § 36
waters to remain on the surface, whether it be from el
the fact just stated, and in consequence of which the tersmorma
waters of the CGulf Stream are held together in their pres
channel ; or whether it be from the fact that the expan-
sion from the heat of the torrid zone is sufficient to
compensate for this increased saltness; or whether it be
from the low temperature and high saturation of the
submarine waters of the inter-tropical ocean ; or whether
it be owing to all of these influences together that these
waters are kept on the surface, suffice it to say, we
do know that they go into the Caribbean Sea’as a
surface current. On their passage to and through it
they intermingle with the fresh waters that are emptied
into the sea from the Amazon, the Oronoco, and the
Mississippi, and from the clouds, and the rivers of the

1§38 g o, s g4
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cmAPTER coasts round about. An immense volume of fresh water

om0 is supplied from these sources. It tends to make the

tresh wa- sea watber, that the trade-winds have been playing upon
and driving along, less briny, warmer, and lighter; for
the waters of these large inter-tropical streams are warmer
than sea water. This admixture of fresh water still leaves
the Gulf Siream a brine stronger than that of the extra-
tropical sea generally, but not quite so strong as that of
the trade-wind regions.

:-:::‘ -;ro_ It is safe to assume that the trade-winds, by their

winde.  constant foree, do assist to skim the Atlantic of the water
that has supplied them with vapour, driving it into the
Caribbean Sea, whence, for causes unknown, it escapes
by the channel of the Gulf Stream in preference to any
other.*

§37 In the present state of our knowledze concerning
this wonderful phenomenon—for the Gulf Stream is one
of the most marvellous things in the ocean—we can do
little more than conjecture. But we have two causes in
operation which we may safely assume are among those

Salimess of concerned in producing the Gulf Stream. One of these

Norn i3 in the increased saltness of its water after the trade-

™" vinds have been supplied with vapour from it, be it much
or little; and the other is in the diminished quantum of
salt which the Baltic and the Northern Seas contain.
The waters of the Baltic are nearly fresh ; they are said
to contain only about half as much salt as sea water does
generally,

§38 Now here we have, on one side, the Caribbean Sea

* The fact is familiar to all concerned in the manufacture of salt by solar cva-
poration, tcat the first show of crystallization commences at the surface.
1§99,
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and Gulf of Mexico, with their waters of lLrine; on the cusrres
other, the great Polar basin, the Baltic and the North .t
Sea, the two latter with waters that are but little more
than brackish.f+ In one set of these sea-basins the water
is heavy; in the other it is light. Between them the
ocean intervenes; but water is bound to seek and to
maintain its level ; and bere, therefore, we unmask one one sgent
of the agents concerned in causing the Gulf Stream, m
What is the influence of this agent—that is, how greatm
is it, and to what extent does it go—we can not say; only
it is at least one of the agents concerned. Moreover,
speculate as we may as to all the agencies concerned in
collecting these waters, that have supplied the trade-
winds with vapour, into the Caribbean Sea, and then in
driving them across the Atlantic—of this we may be
sure, that the salt which the trade-wind vapour leaves
behind in the tropies has to be conveyed away from the
trade-wind region, to be mixed up again in due propor-
tion with the other water of the sea—the Baltic Sea and
the Arctic Ocean included—and that these are some of
the waters at least which we see running off through the
Gulf Stream. To convey them away is doubtless one of
the offices which, in the economy of the ocean, has been
assigned to it.

As to the temperature of the Gulf Stream, there is, in -,-.m.....
a winter's day, off Hatteras, and even as high up as the ™™
Grand Banks of Newfoundland in mid ocean, a difference

+ The Polar basin has a known water area of 8,000,000 square miles, and an
unexplored area, ineluding land and water, of 1,500,000 square miles. Whether
the water in this basin be more or lesg salt than that of the inter-tropical seas,

we know it is quite different in temperature, and difference of temperature will
beget currents quite as readily as difference in saltness, for change in specific
gravity follows either,
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crartis between its waters and those of the ocean near by of 20°,

— and even 30° Water, we know, expands by heat, and

here the difference of temperature may more than com-

pensate for the difference in saltness, and leave, therefore,

the waters of the Gulf Stream lighter by reason of their
warmth.

§39 If they be lighter, they should therefore occupy a
higher level than those through which they flow. As-
suming the depth off Hatteras to be one hundred and

txpansion fourteen fathoms, and allowing the usual rates of expan-
sion for sea water, figures show that the middle or axis of
the Gulf Stream there should be nearly two feet higher
than the contiguous waters of the Atlantic Hence the

rom  surface of the stream should present a double inclined
plane, from which the water would be running down on
either side as from the roof of a house. As this runs off
at the top, the same weight of colder water runs in at the
bottom, and so raises up the cold water bed of the Gulf
Stream, and causes it to become shallower and shallower
as it goes north. That the Gulf Stream is therefore roof-
shaped, causing the waters on its surface to flow off to
either side from the middle, we have not only circum-
stantial evidence to show, but observations to prove.

§40 Navigators, while drifting along with the Gulf Stream,

] have lowered a boat to try the surface current. In
such cases, the boat would drift either to the east or
to the west, as it happened to be on one side or the other
of the axis of the stream, while the vessel herself would
drift along with the stream in the direction of its course;
thus showing the existence of a shallow roof-current from
the middle toward either edge, which would carry the
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boat along, but which, being superficial, does not extend cusrres

deep enough to affect the drift of the vessel.

That such is the case' is also indicated by the circum- § 41

stance that the sea-weed and drift-wood which are found
in such large quantities along the outer edge® of the
Gulf Stream, are never, even with the prevalence of
easterly winds, found along its inner edge—and for the
gimple reason that to cross the Gulf Stream, and to
pass over from that side to this, they would have
-to drift up an inclined plane, as it were; that is they
would have to stem this roof-current unt:l they reached
the middle of the stream. We rarely hear of planks, or
wrecks, or of any floating substance which is cast into
the sea on the other side of the Gulf Stream being found
along the coast of the United States. Drift-wood, trees,
and seeds from the West India islands, are said to have
been cast up on the shores of Europe, but never, that I
ever heard, on the Atlantic shores of this country.

We are treating now of the effects of physical causes,
The question to which I ask attention is, Why does the
Gulf Stream slough off and cast upon its outer edge, sea-
weed, drift-wood, and all other solid bodies that are found
floating upon it?

One cause_ has been shown to be in its roof-shaped
eurrent ; but there is another which tends to produce the
same effect ; and because it is a physical agent, it should
not, in a treatise of this kind, be overlooked, be its action
never so slight. I allude now to the effects produced
upon the drift matter of the stream by the diurnal rota-
tion of the earth.

Take, for illustration, a railroad that runs north and

1§39, * §18
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south. It is well known to engineers that when the cars”
are going north on such a road, their tendency is to
run off on the east side; but when the train is going
south, their tendency is to run off on the west side of
the track—4i. e, always on the right-hand side in our
hemisphere. Whether the road be one mile or one hun-
dred miles in length, the effect of diurnal rotation is the
same, and the tendency to run off, as you cross a given
parallel at a stated rate of speed, is the same; whether
the road be long or short, the tendency to fly off the
track being in proportion to the speed of the trains, and
not at all in proportion to the length of the road.

Now, wvis imertice and velocity being taken into the
account, the tendency to obey the foree of this diurnal
rotation, and to trend to the right, is proportionably as
great in the case of a patch of sea-weed as it drifts along
the Gulf Stream, as it is in the case of the train of cars
as they speed to the north along the iron track of the
Hudson River railway, or any other railway that lies
north and south. The rails restrain the cars and prevent
them from flying off; but there are no rails to restrain
the sea-weed, and nothing to prevent the drift-matter of
the Gulf Stream from going off in obedience to this
force. The slightest impulse tending to turn aside bodies
moving freely in water is immediately felt and implicitly
obeyed.

It is in consequence of this diurnal rotation that
drift-wood coming down the Mississippi is so very apt
to be cast upon the west or right bank. This is the
reverse of what obtains upon the Gulf Stream, for it
flows to the north ; it therefore sloughs off*to the east.

1§43,
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The effect of diurnal rotation upon the winds and emarres

I

upon the currents of the sea is admitted by all—the —
trade-winds derive their easting from it—it must, there- ot
fore, extend to all the matter which these currents bear mne
with them, to the largest iceberg as well as to the merest
spire of grass that floats upon the waters, or the minut-
est organism that the most powerful microscope can
detect among the impalpable particles of sea-dust. This
effect of diurnal rotation upon drift will be frequently
alluded to in the pages of this work.

In its course to the north, the Gulf Stream gradually g 46
trends more and more to the eastward, until it arrives
off the Banks of Newfoundland, where its course becomes
nearly due east. These banks, it has been thought.,;:n:;:;,:ﬂ_
deflect it from its proper course, and cause it to take this janu
turn. Examination will prove, I think, that they are
- an effect, certainly not the cause. It is here that the
frigid current already spoken of!with its icebergs from
the mnorth, are met and melted by the warm waters
of the Gulf. Of course the loads of earth, stones, and
gravel brought down upon them are here deposited. Cap-
tain Scoresby, far away in the north, counted five hun-
dred icebergs setting out from the same vicinity upon this
cold current for the south, Many of them, loaded with
earth, have been seen aground on the Banks, This pro-
cess of transferring deposits from the north for these
shoals, and of snowing down upon them the infusoria
and the corpses of “living creatures” that are spawned
so abundantly in the warm waters of the Gulf Stream,
and sloughed off in myriads for burial where the conflict
between it and the great Folar current’ takes place,

1§ ' g 14
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casrrer i3 everlastingly going on. These agencies, with time,
—.  seem altogether adequate to the formation of extensive
bars or banks. '

T The deep sea soundings that have been made by ves-
sels of the navy' tend to confirm this view as to the
formation of these Banks, The greatest contrast in the
bottom of the Atlantic is just to the south of these
Banks. Nowhere in the open sea has the water been
found to deepen so suddenly as here. Coming from the
north, the bottom of the sea is shelving ; but suddenly,
after passing these Banks, its depth increases by almost a
precipitous descent for many thousand feet, thus indicat-
ing that the debris which forms the Grand Banks comes
from the north.

§47 From the Straits of Bemini the course of the Gulf
Stream (Plate VI.) describes (as far as it can be traced
over toward the British Islands which are in the midst
of its waters) the arc of a great circle as nearly as may

Courseof be. Such a course as the Gulf Stream takes is very

sweam. nearly the course that a cannon ball, could it be shot
from these straits to those islands, would describe.

If it were possible to see Ireland from Bemini, and to
get a cannon that would reach that far, the person stand-
ing on Bemini and taking aim, intending to shoot at
Ireland as a target, would, if the earth were at rest, sight
direct, and make no allowance for difference of motion
between marksman and target.

§48 But there is diurnal rotation ; the earth does re-
acinren volve on its axis; and since Bemini is nearer to the
smectsits equator than Ireland is, the gun would be moving in
™™ Qiurnal rotation! faster than the target, and therefore

 Plate XI. 1§16
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Hbe marksman, taking aim point blank at his target,
'would miss. He would find, on examination, that he
‘bad shot south—that is, to the right' of his mark. In
‘other words, that the path actually deseribed by the
ball would be the resultant of this difference in the rate
‘of rotation and the trajectile force ; the former, impelling
to the east, would cause the ball to describe a great circle,
but one with too much obliquity to pass through the tar-
get. Like a ray of light from the stars, the ball would
be affected by aberration.

It is the case of the passenger in the railroad car
throwing an apple, as the train sweeps by, to a boy stand-
ing by the wayside. If he throw straight at the boy, he
will miss, for the apple, partaking of the motion of the
cars, will go ahead of the boy, and for the very reason
that the shot will pass in advance of the target, for both
the marksman and the passenger are going faster than
the object at which they aim.

Hence we may assume it as a law, that the natural
tendency of all currents in the sea, like the natural
tendency of all projectiles through the air, is to describe
their curves of flight in the planes of great circles. The
natural tendency of all matter, when put in motion, is to
go from point to point by the shortest distance, and it
requires force to overcome this tendency. Light, heat,
and electricity, running water, and all substances, whether
ponderable or imponderable, seek, when in motion, to
obey this law. Electricity may be turned aside from its
course, and so may the cannon ball or running water;
but remove every obstruction, and leave the current or
the shot free to continue on in the direction of the first

!’“
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wmarrer Impulse, or to turn aside of its own volition, so to speak,

e straight it will go, and continue to go—if on a
plane, in a straight line ; if on a sphere, in the arc of a
great circle—thus showing that it has no volition exgept
to obey impulse, and the physical requirements to take
the shortest way to its point of destination.

§51 The waters of the Gulf Stream, as they escape from
the Gulf}are bound for the British Islands, to the North
Courseof Sea, and Frozen Ocean. Accordingly, they take? in

the Gulf

streamthe obedience to this physical law, the most direct course

.E%:" by which nature will permit them to reach their destina-

tion. And this course, as already remarked, is nearly

that of the great circle, and exactly that of the supposed
cannon ball.

§52 Many philosophers have expressed the opinion—in-

Domman deed, the belief*is common among mariners—that the

Seanleof coasts of the United States and the Shoals of Nantucket
tarn i turn the Gulf Stream toward the east; but if the
"% view I have been endeavouring to make clear be
correct—and I think it is—it appears that the course
of the Gulf Stream is fixed and preseribed by exactly
the same laws that require the planets to revolve in
orbits, the planes of which shall pass through the centre
of the sun; and that, were the Nantucket Shoals not
in existence, the course of the Gulf Stream, in the main,
would be exactly as it is and where it is. The Gulf
Stream is bound over to the North Sea and Bay of
Biscay partly for the reason, perhaps, that the waters
there are lighter than those of the Mexican Gulf;’ and if
the Shoals of Nantucket were not in existence, it could
not pursue a more direct route. The Grand Banks,

1540 * Plate IX. ' EAT. + §40. 5T,
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however, are encroaching,' and cold currents from the cmurrin
north come down upon it: they may, and probably do, ——
assist now and then to turn it aside. .

Now if this explanation as to the couwrse of the Gulf§ ;53
Stream and its eastward tendency hold good, a current Fucts
getting from the north toward the south should®have A this velet
westward tendency. It should also move in a cirele of
trajection, or such as would be described by a trajectile
moving through the air without resistance and for a great
distance. Accordingly, and in obedience to the propelling
powers, derived from the rate at which different parallels
are whirled around in diurnal motion} we find the current
from the north, which meets the Gulf Stream, on the
Grand Banks' taking a south-westwardly direction, as
already described.® It runs down to the tropies by the
side of the Gulf Stream, and stretches as far to the west
as our own shores will allow, Yet, in the face of these Ow'j:'h; of
facts, and in spite of this force, both Major Rennel and neland .
M. Arago make the coasts of the United States and the
Shoals of Nantucket to turn the Gulf Stream toward the
east.

But there are other forces operating upon the Gulf § 54
Stream. They are derived from the effect of changes in penition
the waters of the whole ocean, as produced by changes forces
in their temperature from time to time. As the Guif
Stream leaves the coasts of the United States, it begins
to vary its position according to the seasons; the limit
of its northern edge, as it passes the meridian of Cape
Race (Plate V1), being in winter about: latitude 40-41°,
and in September, when the sea is hottest, about latitude
45-46° The trough of the Gulf Stream, therefore, may

1§ 48, : g0, 2 §16. + Plate IX. 5§45,
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enarren be supposed to waver about in the ocean not unlike a
—— pennon in the breeze. Its head is confined between the
shoals of the*Bahamahs and the Carolinas; but that. part
of it which stretches over toward the Grand Banks of
Newfoundland is, as the temperature of the waters of the
ocean changes, first pressed down toward the south, and
then again up toward the north, according to the season

of the year.

§55 To appreciate the extent of the force by which it
is so pressed, let us imagine the waters of the Gulf
Stream to extend all the way to the bottom of the sea,
so as completely to separate, by an impenetrable liquid
wall, if you please, the waters of the ocean on the right
from the waters in the ocean on the left of the stream.

Cranges Tt is the height_of summer: the waters of the sea on
perscure - either hand are for the most part in a liquid state, and
ocean.  the Gulf Stream, let it be supposed, has assumed a nor-
mal condition between the two divisions, adjusting itself
to the pressure on either side, so as to balance them
exactly and be in equilibrium. Now, again, it is the
dead of winter, and the temperature of the waters over’
an area of millions of square miles in the North Atlantic
has been changed many degrees, and this change of tem-
perature has been followed by a change in the specific
gravity of those waters, amounting, no doubt, in the
aggregate, to many hundred millions of tons, over the
whole ocean ; for sea water, unlike fresh,' contracts
to freezing. Now, is it probable that, in passing from
their summer to their winter temperature, the sea waters
to the right of the Gulf Stream should change their spe-
cific gravity exactly as much in the aggregate as do the

1§31
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waters in the whole ocean to the left of it? If not, the cmarrss

difference must be compensated by some means. Sparks —
are not more prone to fly upward, nor water to seek its
level, than Nature is sure with her efforts to restore equi-
librium in both sea and air whenever, wherever, and by
whatever it be disturbed. Therefore, though the waters of-

the Gulf Stream do not extend to the bottom, and though
they be not impenetrable to the waters on either hand,

yet, seeing that they have a waste of waters on the right,

and a waste of waters on the left, to which® they offer a

sort of resisting permeability, we are enabled to compre-
hend how the waters on either hand, as their specific
gravity is increased or diminished, will impart to the e
trough of this stream a vibratory motion, pressing it now

to the right, now to the left, according to the seasons and

the consequent changes of temperature in the sea.

Plate VI. shows the limits of the Gulf Stream for § 56
March and September. The reason for this change of Ta Bt
position is obvious. The banks of the Gulf Stream are andsep-
cold water. In winter, the volume of cold water on _
the American, or left side of the stream, is greatly in-
creased. It must have room, and gains it by pressing
the warmer waters of the stream farther to the south, or
rightt In September, the temperature of these cold
waters is modified ; there is not such an extent of them,
and then the warmer waters, in turn, press them back,
and so the pendulum-like motion is preserved.

The observations made by the United States Coast § 57
Survey indicate that there are in the Gulf Stream Stresksof
threads of warmer, separated by streaks of cooler water. codwater

See Plate VI, in which these are shown; they are marked

1.§2.
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cuarrer @, 3, 2. Figure A may be taken to represent a thermo- :

I

§58

Supposcd

cAuSE.

metrical eross section of the stream opposite the Capes of
Virginia, for instance; the top of the curve representing
the thermometer in the threads of the warmer water, and
the depressions the height of the same instrument in the
streaks of cooler water between; thus exhibiting, as one
sails from America across the Gulf Stream, a remarkable
series of thermometrical elevations and depressions in the
surface temperature of this mighty river in the sea.
These streaks, z, ¥, z, are not found in the Gulf Stream
as it issues from its fountain, and I have thought them
to be an incident of the process by which the waters
of the Stream gradually grow cool. Suppose a perfect
calm over this stream, and that all the water on the
top of it to the depth of ten feet were suddenly, as
it runs along in a winter's day, to be stricken by the
wand of some magician, and reduced from the tempera-
ture of 75° to that of 32° the water below the depth of
ten feet remaining at 75° as before. How would this
cold and heavy water sink? Like a great water-tight
floor or field of ice as broad as the Gulf Stream, and
loaded to sinking? And how would the warm water
rise to the top? By running out under this floor or
field, rising up over the edges, and flowing back to the '
middle? I think not; on the contrary, I suppcse the
warm water would rise up here and there in streaks, and
that the cold would go down in streaks or seams. The
process would be not unlike what we see going on in a
fountain which is fed by one or more bubbling springs
from below. We can see the warm water rising up in a
column from the orifice below, and in winter the water




THE GULF STREAM. 33

on the top first grows cool and then sinks. Now, ima- caarres
gine the fountain to be a long and narrow stream, and
this orifice to be a fissure running along at the bottom in
. the middle of it, and feeding it with warm water. We
can well imagine that there would be a seam of water
~ rising up all the way in the middle of the stream, and
that a delicate thermometer would, in eold weather, show
a marked difference of temperature between the water as
it rises up in this seam, and that going down on either
gide after it has been cooled. Now, if we make our ima-
ginary stream broader, and place at a little distance an-
other fissure parallel with the first, and also supplying
warm water, there would be between the two a streak of
cooler water descending after having parted with a cer-
tain degree of heat at the syrface, and thus we would
have repeated the ribbons of cold and warm water which
the Coast Survey has found in the Gulf Stream.

The hottest water in the Gulf Stream is also the § 59
lightest ; as it rises to the top, it is cooled both by eva-
poration and exposure, when the surface is replenished
by fresh supplies of hot water from below. Thus, in a Temren
winter's day, the waters at the surface of the Gulf stream.
Stream off Cape Hatteras may be at 80° and at the
depth of five hundred fathoms—three thousand feet—as
actual observations show, the thermometer will stand at
57° Following the stream thence off the Capes of Vir-
ginia, one hundred and twenty miles, it will be found—
the water-thermometer having been carefully noted all
the way—that it now stands a degree or two less at the
surface, while all below is cooler. In other words, the

stratum of water at 57° which was three thousand feet
3
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caarrer below the surface off Hatteras, has, in a course of one
- hundred and twenty or one hundred and thirty miles in
a horizontal direction, ascended, vertically, six hundred
feet.; that is, this stratum has run up hill with an ascent

of five or six feet to the mile,

§60  As a rule, the hottest water of the Gulf Stream is at
or near the surface; and as the deep-sea thermometer
is sent down, it shows that these waters, though still far
warmer than the water on either side at corresponding
depths, gradually become less and less warm until the
bottom of the current is reached. There is reason to be-
lieve that the warm waters of the Gulf Stream are no-
where permitted, in the oceanic economy, to touch the
bottom of the sea. There is evefywhera a cushion of
cool water between them and the solid parts of the
earth’s crust. This arrangement is suggestive, and strik-

msemect  ingly besutiful. One of the benign offices of the Gulf

on the

cimate of Stream is to convey heat from the Gulf of Mexico, where

:‘.ﬁ;‘:‘ otherwise it would become excessive, and to dispense it
in regions beyond the Atlantie, for the amelioration of
the climates of the British Islands and of all Western
Europe. Now, cold water is one of the best non-conduc-
tors of heat, and if the warm water of the Gulf Stream
was sent across the Atlantic in contact with the solid
crust of the earth—comparatively a good conductor of
heat—instead of being sent across, as it is, in contact
with a cool, non-conducting cushion of cool water to fend
it from the bottom, all its heat would be lost in the first
part of the way, and the soft climates of both France
and England would be as that of Labrador, severe in the
extreme, and ice-bound,
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MopERN ingenuity has suggested a beautiful mode of onarrEn
warming houses in winter. It is done by means of hot ——
water. The furnace and the caldron are sometimes i::]m
placed at a distance from the apartments to be warmed. ofheating
It is so at the Observatory. In this case, pipes are used appa
to conduct the heated water frgm the caldron under the
superintendent’s dwelling over into one of the basement
rooms of the Observatory, a distance of one hundred feet.
These pipes are then flared out so as to present a large
cooling surface; after which they are unmited into one
again, through which the water, being now cooled, returns
of its own accord to the caldron. Thus cool water is re-
turning all the time and flowing in at the bottom of the
caldron, while hot water is continually flowing out at the
top. :

The ventilation of the Observatory is so arranged that
the circulation of the atmosphere through it is led from
this basement room, where the pipes are, to all other
- parts of the building ; and in the process of this circulation,
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the warmth conveyed by the water to the basement is
taken thence by the air and distributed over all the
rooms. Now, to compare small things with great, we
have, in the warm waters which are confined in the Gulf
of Mexico, just such a heating apparatus for Great Britain,
the North Atlantic, and Western Europe.

The furnace is the torrid zone ; the Mexican Gulf and
Caribbean Sea are the caldrons; the Gulf Stream is
the conducting pipe. From the Grand Banks of New-
foundland to the shores of Europe is the basement—the
hot-air chamber—in which this pipe is flared out so as
to present a large cooling surface. Here the circulation
of the atmosphere is arranged by nature ; and it is such,
that the warmth thus conveyed into this warm-air cham-
ber of mid-ocean is taken up by the genial west winds,
and dispensed, in the most benign manner, throughout
Great Britain and the west of Europe.

The maximum temperature of the water-heated air-
chamber of the Observatory is about 90°. The maxi-
mum temperature of the Gulf Stream is 86°, or about 9°
above the ocean temperature due the latitude. Inecreasing
its latitude 10°, it loses but 2° of temperature ; and, after
having run three thousand miles toward the north, it still
preserves, even in winter, the heat of summer. With
this temperature, it crosses the 40th degree of north lati-
tude, and there, overflowing its liquid banks, it spreads
itself out for thousands of square leagues over the cold
waters around, and covers the ocean with a mantle of
warmth that serves so much to mitigate in Europe the
rigours of winter. Moving now more slowly, but dis-
pensing its genial influences more freely, it finally meets
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the British Islands. By these it is divided,' one part cmirren
going into the polar basin of Spitzbergen, the other ——
entering the Bay of Biscay, but each with a warmth -
considerably above the ocean temperature. Such an im- g nin
mense volume of heated water cannot fail to carry with “***
it beyond the seas a mild and moist atmosphere. And

this it is which so much softens climate there.

We know not, except approximately in one or two places, § g4

what the depth or the under temperature of the Gulf Stream
may be; but assuming the temperature and velocity at the
depth of two hundred fathoms to be those of the surface, cucata-
and taking the well-known difference between the capaecity e
of air and of water for specific heat as the argument,
a simple calculation will show that the quantity of heat
discharged over the Atlantie from the waters of the Gulf
Stream in a winter's day, would be sufficient to raise the
whole column of atmosphere that rests upon France and
the British Islands from the freezing point to summer
heat,

Every west wind that blows crosses the stream on its wes
way to Europe, and carries with it a portion of this heat aetod
to temper there the northern winds of winter. It is the ™"
influence of this stream upon climate that makes Erin the
“ Emerald Isle of the Sea,” and that clothes the shores of
Albion in evergreen robes; while in the same latitude, on
this side, the coasts of Labrador are fast bound in fetters
of ice. In a valuable paper on currents® Mr. Redfield mr. ges-
states that in 1831 the harbour of St. John's, Newfound- ::::m
land, was closed with ice as late as the month of June; “™*

yet who ever heard of the port of Liverpool, on the other
* American Journal of Science, vul. xiv., p. 208.

1 Plate LX.
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side, though 2° farther north, being closed with ice even
in the dead of winter?

The Thermal Chart (Plate IV.) shows this. The iso-
thermal lines of 60° 50° &e, starting off from the
parallel of 40° near the coasts of the United States, run
off in a north-eastwardly direction, showing the same
oceanic temperature on the European side of the Atlantic
in latitude 55° or 60° that we have on the western side
in latitude 40° Scott, in one of his beautiful novels,
tells us that the ponds in the Orkneys (latitude near 60°)
are not frozen in winter. The people there owe their
soft climate to this grand heating apparatus, for driftwood
from the West Indies is occasionally cast ashore there by
the Gulf Stream.

Nor do the beneficial influences of this stream upon
climate end here. The West Indian Arehi is en-
compassed on one side by its chain of islands, and on
the other by the Cordilleras of the Andes, contracting
with the Isthmus of Darien, and stretching themselves
out over the plains of Central Ameriea and Mexico, Be-
ginning on the summit of this range, we leave the regions
of perpetual snow, and descend first into the fierra tem-
plada, and then into the tierra caliente, or burning land.
Descending still lower, we reach both the level and the
surface of the Mexican seas, where, were it not for this
beautiful and benign system of aqueous circulation, the
peculiar features of the surrounding country assure us we
should have the hottest, if not the most pestilential
climate in the world As the waters in these two
caldrons become heated, they are borne off by the Gulf
Stream, and are replaced by cooler currents through the
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Caribbean Sea ; the surface water, as it enters liere, being cuarrer
3% or 4° and that in depth 40°* cooler than when i% ks
escapes from the Gulf Taking only this difference in
surface temperature as an index of the heat accumulated
there, a simple caleulation will show that the quantity
of heat daily carried off by the Gulf Stream from those
regions, and discharged over the Atlantic, is sufficient to
raise mountains of iron from zero to the melting point,
and to leep in flow from them a molten stream of metal
greater in volume than the waters daily discharged from
the Mississippi River. Who, therefore can calculate the
benign influence of this wonderful current upon the
climate of the South? In the pursuit of this subject,
the mind is led from nature up to the great Architect of
nature ; and what mind will the study of this subject not
fill with profitable emotions? Unchanged and unchang-
ing alone, of all created things, the ocean is the great
emblem of its everlasting Creator. “He treadeth upon
the waves of the sea,” and is seen in the wonders of the
deep. Yea, “ He calleth for its waters, and poureth them
yut upon the face of the earth.”

In obedience to this eall, the aqueous portion of our g g7
planet preserves its beautiful system of circulation. By
it heat and warmth are dispensed to the extra-tropical
regions; clouds and rain are sent to refresh the dry
land ; and by it cooling streams are brought from Polar
Seas to temper the heat of the torrid zome. At the
depth of two hundred and forty fathoms, the temperature

* Temperature of the Caribbean Bea (from the journals of Mr. Dunsterville):
Burface temperature: £3°, September; 8§4°, July; 88°-861°, Mosquito Coast.
Temperature in depth: 48°, 240 fathoms; 43°, 356 fathoms; 42° 450 fathoms ;
43°, 500 fathoms.
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cuarrer Of the currents sett;mg into the Caribbean Sea has been
™ found as low as 48°, while that of the surface was 85°,
Tempes  Another cast with three hundred and eighty-six fathoms
e gave 43" below against 83° at the surface. The hurri-
sombean canes of those regions agitate the sea to great depths;
that of 1780 tore rocks up from the bottom seven fathoms

deep, and cast them ashore. They therefore cannot fail

to bring to the surface portions of the cooler water below.

§68 At the very bottom of the Gulf Stream, when its sur-
oo face temperature was 80°, the deep-sea thermometer of
o Gut the Coast Survey has recorded a temperature as low as

35° Fahrenheit.

§69  These cold waters doubtless come down from the north
Withinthe to replace the warm water sent through the Gulf Stream
¢l to moderate the cold of Spitzbergen; for within the

Arctie Cirele the temperature at corresponding depths off
the shores of that island is said to be only one degree
colder than in the Caribbean Sea, while on the coasts of
gt Labrador, and in the Polar Seas, the temperature of the
Sess  water beneath the ice was invariably found by Lieutenant
De Haven at 28°, or 4° below the melting point of fresh-
Off sask water ice. Captain Scoresby relates, that on the coast
land of Greenland, in latitude 72° the temperature of the air
was 42°; of the water, 84°; and 29° at the depth of
one hundred and eighteen fathoms. He there found a
surface current setting to the south, and bearing with it
this extremely cold water, with vast numbers of icebergs,
whose centres, perhaps, were far below zero. It would
be curious to ascertain the routes of these under currents
on their way to the tropical regions, which they are in-

tended to cool. One has been found at the equator’ two

lgm
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hundred miles broad, and 23° colder than the surface cmarren

water. Unless the land or shoals intervene, it no doubt s
comes down in a spiral eurve, approaching in its course
the great circle route,

Perhaps the best indication as to these cold currents g 70
may be derived from the fish of the sea. The whales carents
first pointed out the existence of the Gulf Stream by by
avoiding its warm waters, Along our own coasts, all
those delicate animals and marine productions which de-
light in warmer waters are wanting; thus indicating, by
their absence, the cold current from the north now known
to exist there. In the genial warmth of the sea abouu
the Bermudas on one hand, and Afriea on the other, we
find in great abundance those delicate shell-fish and coral
formations which are altogether wanting in the same lati-
tudes along the shores of South Carolina, The same
obtains in the west coast of South America ; for there the
vold current almost reaches the line before the first sprig
of coral is found to grow.

A few years ago, great numbers of bonita and alber- § 71
core—tropical fish—following the Gulf Stream, entered
the English Channel, and alarmed the fishermen of Corn-
wall and Devonshire by the havoc which they created
among the pilchards there.

It may well be questioned if our Atlantic cities and g 72
towns do not owe their excellent fish-markets, as well a5
our watering-places their refreshing sea-bathing in sum-
mer, to this stream of cold water, The temperature « {
the Mediterranean is 4° or 5° above the ocean tempers -
ture of the same latitude, and the fish there are, for the
most part, very indifferent. On the other hand, the tem-
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euarrer perature along our coast is several degrees below that of

L.

—_—

Fffects of
rempera=
ture on
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the ocean, and from Maine to Florida our tables are sup-
plied with the most excellent of fish. The sheep’s-head,
so much esteemed in Virginia and the Carolinas, when
taken on the warm coral banks of the Bahamas, loses its
flavour, and i1s held in no esteem. The same is the case
with other fish: when taken in the cold water of that
coast, they have a delicious flavour, and are highly
esteemed ; but when taken in the warm water on the
other edge of the Gulf Stream, though but a few miles
distant, their flesh is soft, and unfit for the table. The
temperature of the water at the Balize reaches 90° The
fish taken there are not to be compared with those of the
same latitude in this cold stream. New Orleans, there-
fore, resorts to the cool waters on the Florida coasts for
her choicest fish. The same is the case in the Pacific.
A current of cold water' from the south sweeps the
shores of Chili, Peru, and Columbia, and reaches the Galli-
pagos Islands under the line. Throughout this whole
distance, the world does not afford a more abundant or
excellent supply of fish. VYet out in the Pacific, at the
Society Islands, where coral abounds, and the water pre-
serves a higher temperature, the fish, though they vie in
gorgeousness of colouring with the birds, and plants, and
insects of the tropics, are held in no esteem as an article
of food. I have known sailors, even after long voyages,
still to prefer their salt beef and pork to a mess of fish
taken there. The few facts which we have bearing upon
this subject seem to suggest it as a point of the inquiry
to be made, whether the habitat of certain fish does not
indicate the temperature of the water, and whether these

1 §455.
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cold and warm currents of the ocean do not constitute the emarres
great highways through which migratory fishes travel e
from one region to another, Why should not fish be as

much the creatures of climate as plants, or as birds, and

other animals of land, sea, and air? Indeed, we know

that some kinds of fish are found only in certain climates.

In other words, they live where the temperature of the

water ranges between certain degrees.

Navigators have often met with vast numbers of § 73
young sea-nettles (meduse) drifting along with the Gulf sea-netiies
Stream. They are known to constitute the principal
food for the whale ; but whither bound by this route has
caused much speculation, for it is well known that the
habits of the right whale are averse to the warm waters
of this stream. An intelligent sea-captain informs me
that, several years ago, in the Gulf Stream on the coast
of Florida, he fell in with such a *school of young sea-
nettles as had never before been heard of.” The sea was
covered with them for many leagues. He likened them,
in appearance on the water, to acorns floating on a
stream ; but they were so thick as to completely cover
the sea. He was bound to England, and was five or six ancctoe
days in sailing through them. In about sixty days after-
ward, on his return, he fell in with the same school off
the Western Islands, and here he was three or four days
in passing them again. He recognized them as the same,
for he had never before seen any like them ; and on both
occasions he frequently hauled up bucketfuls and ex-
amined them.

Now, the Western Islands is the great place of resort § 74
for whales: and at first there is something curious to vs
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caaprer in the idea that the Gulf of Mexico is the harvest-field,

I

§75

and the Gulf Stream the gleaner which collects the fruit-
age planted there, and conveys it thousands of miles off
to the hungry whale at sea. But how perfectly in unison
is it with the kind and providential care of that great
and good Being which feeds the young ravens when they
cry, and caters for the sparrow !

The sea has its climates as well as the land. They

ciimatesof hoth change with the latitude ; but one varies with the

the sea.

376

Giffices of
the sea,

elevation above, the other with the depression below the
sea level. The climates in each are regulated by circula-
tion ; but the regulators are, on the one hand, winds; on
the other, currents. _

The inhabitants of the ocean are as much the creatures
of climate as are those of the dry land; for the same
Almighty hand which decked the lily and cares for the
sparrow, fashioned also the pearl and feeds the great
whale, and adapted each to the physical conditions by
which his providence has surrounded it. Whether of the
land or the sea, the inhabitants are all his ereatures,
subjects of his laws, and agents in his economy., The
sea, therefore, we may safely infer, has its offices and
duties to perform ; so, may we infer, have its currents,
and so, too, its inhabitants ; consequently, he who under-
takes to study its phenomena must cease to regard it as
a waste of waters. He must look upon it as a part of
that exquisite machinery by which the harmonies of
nature are preserved, and then he will begin to perceive
the developments of order and the evidences of design;
these make it a most beautiful and interesting subject for
contemplation,
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To one who has never studied the mechanism of a caarren
watch, its main-spring or the balance-wheel is a mere
piece of metal He may have looked at the face of the §77
wateh, and, while he admires the motion of its hands, and
the time it keeps, or the tune it plays, he may have
wondered in idle amazement as to the charvacter of the
machinery which is concealed within. Take it to pieces,
and show him each part separately, he will recognize
neither design, nor adaptation, nor relation between them;
but put them together, set them to work, point out the
offices of each spring, wheel, and cog, explain their move-
ments, and then show him the result; now he perceives
that it is all one design; that, notwithstanding the num-
ber of parts, their diverse forms and various offices, and
the agents concerned, the whole piece is of one thought,
the expression of one idea. He now rightly concludes that Refee-
when the main-spring was fashioned and tempered, its
relation to all the other parts must have been considered;
that the cogs on this wheel are cut and regulated—
adapted—+to the rachets on that, &e.; and his final con-
clusion will be, that such a piece of mechanism could not
have been produced by chance; for the adaptation of the
parts is such as to show it to be according to design, and
obedient to the will of one intelligence. So, too, when
one looks out upon the face of this beautiful world, he
may admire its lovely scenery, but his admiration can
never grow into adoration unless he will take the trouble
to look behind and study, in some of its details at least,
the exquisite system of machinery by which such beauti-
ful results are brought about. To him who does this,
the sea, with its physical geography, becomes as the main-
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spring of a watch; its waters, and its currents, and its
salts, and its inhabitants, with their adaptations, as balance-
wheels, cogs and pinions, and jewels. Thus he perceives
that they, too, are according to design; that they are the
expression of One Thought, a unity with harmonies which
One Intelligence, and One Intelligence alone, could utter,
And when he has arrived at this point, then he feels that
the study of the sea, in its physical aspect, is truly su-
blime. It elevates the mind and ennobles the man. The
Gulf Stream is now no longer, therefore, to be regarded
by such an one merely as an immense current of warm
water running across the ocean, but as a balance-wheel—
a part of that grand machinery by which air and water
are adapted to each other, and by which this earth itself
is adapted to the well-being of its inhabitants—of the
flora which decks, and the fauna which enlivens its
surface.

Let us now consider the influence of the Gulf Stream
upon the meteorology of the ocean.

To use a sailor expression, the Gulf Stream is the great
“weather breeder” of the North Atlantic Ocean. The
most furious gales of wind sweep along with it; and the
fogs of Newfoundland, which so much endanger navi-
gation in winter, doubtless owe their existence to the
presence, in that cold sea, of immense volumes of warm
water brought by the Gulf Stream. Sir Philip Brooke
found the air on each side of it at the freezing point,
while that of its waters was 80° “ The heavy, warm,
damp air over the current produced great irregularities
in his chronometers” The excess of heat daily brought
into such a region by the waters of the Gulf Stream
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would, if suddenly stricken from them, be sufficient to omarrsn

make the column of superincumbent atmosphere hotter ——
than melted iron,

With such an element of atmospherical disturbance in § 79
its bosom, we might expect storms of the most violent wsusniny
kind to accompany it in its course. Accordingly, the e
most terrific that rage on the ocean have been known to
spend their fury within or near its borders.

Our nautical works tell us of a storm which forced this g g

stream back to its sources, and piled up the water in the
Gulf to the height of thirty feet. The Ledbury Snow
atlempted to ride it out. When it abated, she found her-
self high up on the dry land, and discovered that she had
let go her anchor among the tree-tops on Elliott’s Key.
The Florida Keys were inundated many feet; and, it is
said, the scene presented in the Gulf Stream was never
surpassed in awful sublimity on the ocean. The water
thus dammed up is said to have rushed out with wonder-
ful velocity against the fury of the gale, producing a sea
that beggared description.

The “great hurricane” of 1780 commenced at Bar- g g
badoes. In it the bark was blown from the trees, and gres: uur.
the fruits of the earth destroyed; the very bottom and jpm.
depths of the sea were uprooted, and the waves rose to
such a height that forts and castles were washed away,
and their great guns carried about in the air like chaff;
nouses were razed, ships were wrecked, and the bodies of
men and beasts lifted up in the air and dashed to pieces
in the storm., At the different islands, not less than
twenty thousand persons lost their lives on shore ; while
farther to the north, the * Stirling Castle” and the “ Dover
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ﬂﬂﬂ?ﬂl Castle” men-of-war went down at sea, and fifty sail were
——  driven on shore at the Bermudas.

5§82  Several years ago, the British Admiralty set on foot
Aty 1DQuiTies as to the cause of the storms in certain parts
investiga- of the Atlantic, which so often rage with diastrous effects

to navigation. The result may be summed up in the
conclusion to which the investigation led: that they are
occasioned by the irregularity between the temperature
of the Gulf Stream and of the neighbouring regions, both
in the air and water.

§83 The habitual dampness of the climate of the British
ey Islands, as well as the occasional dampness of that along
e e the Atlantic coasts of the United States when easterly
Gult winds prevail, is attributable also to the Gulf Stream.

These winds come to us loaded with vapours gathered from
its warm and smoking waters. The Gulf Stream carries
the temperature of summer, even in the dead of winter,
as far north as the Grand Banks of Newfoundland.

§84 One of the poles of maximum cold is, according to

theory, situated in latitude 80° north, longitude 100° west.
It is distant but little more than two thousand miles, in
a north-westwardly direction, from the summer-heated
waters of this stream. This proximity of extremes of
greatest cold and summer heat will, as observations are
multiplied and discussed, be probably found to have much
to do with the storms that rage with such fury on the
left side of the Gulf Stream.

~ 885 I am not prepared to maintain that the Gulf Stream
is really the * Storm King” of the Atlantie, which has
power to control the march of every gale that is raised
there; but the course of many gales has been traced
from the place of their origin directly to the Gulf
Stream. Gales that take their rise on the coast of Afriea,

Stream.
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and even as far down on that side as the parallel of onarrer
10° or 15° north latitude, have, it has been shown by S
an examination of log-books, made straight for the Gulf ok
Stream; joining it, they have then been known to turn ™"
about, and, travelling with this stream, to recross the
Atlantic, and so reach the shores of Europe. In this way

the tracks of storms have been traced out and followed

for a week or ten days. Their path i marked by wreck-

and disaster, Y Lo

Plate X. was prepared by Lieutenant B, S, Porter, from § 86
data furnished by the log-books at the Observatory. It
represents one of these storms that commenced in August
1848. It commenced more than a thousand miles from
the Gulf Stream, made a straight course for it, and tra-
velled with it for many days.

The dark shading shows the space covered by the gale,
and the white line in the middle shows the axis of the
gale, or the line of minimum barometric pressure. There
are many other instances of similar gales. Professor Espy
informs us that he also has traced many a gale from the
land out toward the Gulf Stream,

Now, what should attract these terrific storms to the § #7
Gulf Stream? Sailors dread storms in the Gulf Stream
more than they do in any other part of the ocean. It is
not, the fury of the storm alone that they dread, but it is
the “ugly sea” which these storms raise. The current of
the stream running in one direction, and the wind blow-
ing in another, creates a sea that is often frightful.

In the month of December 1853, the fine new steam § 88
ship San Francisco sailed from New York with a regi- Yot o
ment of United States troops on board, bound around Faciso
Cape Horn for Californin, She was overtaken, while
ernssing the Gulf Stream, by a gale of wind, in whieh

-
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she was dreadfully crippled. Her decks were swept, and
by one single blow of those terrible seas that the storms
there raise, one hundred and seventy-nine souls, officers
and soldiers, were washed overboard and drowned.

The day after this disaster she was seen by one vessel,
and again the next day, December 26th, by another, but
neither of them could render her any assistance.

When these two vessels arrived in the United States,
and reported what they had seen, the most painful appre-
hensions were entertained by friends for the safety of °
those on board the steamer. Vessels were sent out to
search for and relieve her. But which way should these
vessels go? Where should they look ? '

An appeal was made to know what light the system
of researches carried on at the National Observatory con-
cerning winds and currents could throw upon the sub-
ject. |

The materials that had been discussed were examined,
and a chart was prepared to show the course of the Gulf -
Stream at that season of the year. (See the limits of
the Gulf Stream for March, Plate VI) TUpon the sup-
position that the steamer had been completely disabled,
the lines @ b were drawn to define the limits of her
drift. Between these two lines, it was said, the steamer,
if she could neither steam nor sail after the gale, had
drifted.

By request, I prepared instructions for two revenue
cutters that were sent to search for her. One of them -
being at New London, was told to go along the dotted
track leading to ¢, expecting thereby to keep inside of the
line along which the steamer had drifted, with the view
of intercepting and speaking homeward-bound vessels
that might have seen the wreck
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The cutter was to proceed to ¢, where she might cmarres
expect to fall in with the line of drift taken by the b3
steamer. The last that was seen of that ill-fated vessel 91
was when she was at o, but a few miles from e So, if
the cutter had been in time, she had instructions that
would have taken her in sight of the object of her
search,

It is true that, before the cutter sailed, the Kilby, §92

_the Three Bells, and the Antarctic, unknown to anxious
friends at home, had fallen in with and relieved the
wreck ; but that does not detract from the system of
observations, of the results of which, and their practical
application, it is the object of this work to treat.

" A hbeautiful illustration of their usefulness is the fact § 93
that, though the bark Kilby lost sight of the wreck at
night, and the next morning did not know which way
to look for it, and could not find it, yet, by a system
of philosophical deduction, we on shore could point out

“the whereabouts of the disabled steamer so closely, that
vessels could be directed to look for her exactly where
she was to be seen.

These storms, for which the Gulf Stream has such § 94

attraction, and over which it seems to exercise so much Whir-
control, are said to be, for the most part, whirlwinds.
All boys are familiar with miniature whirlwinds on
shore. They are seen, especially in the autumn, sweep-
ing along the roads and streets, raising columns of dust,
leaves, &c., which rise up like inverted cones in the air,
and gyrate about the centre or axis of the storm. Thus,
while the axis, and the dust, and the leaves, and all
those things which mark the course of the whirlwind, are
travelling in one direction, it may be seen that the wind
is blowine around this axis in all dircetions.
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oarrns Just so with some of these Gulf Stream storms. That

— represented on Plate X. is such a one. It was a rotary

cydones storm. Mr. Piddington, an eminent meteorologist of Cal-
cutta, calls them Cyclones. '

§95 Now, what should make these storms travel toward
the Gulf Stream, and then, joining it, travel along
with its current? It is the high temperature of its
waters, say mariners. But why, or wherefore, should
the spirits of the storm obey in this manner the influence
of these high temperatures, philosophers have not been
able to explain,

§96  The influence of the Gulf Stream wpon commerce and
navigation.

Tiuence Formerly the Gulf Stream controlled commerce across

vicmodine the Atlantic by governing vessels in their routes through

sadnavi- this ocean to a greater extent than it does mow, and

e simply for the reason that ships are faster, nautical instru-
ments better, and navigators are more skilful now than
formerly they were.

§97 TUp to the close of the last century, the navigator
Tmprove- - guessed. as much as he caleulated the place of his ship :
navigation vessels from Europe to Boston frequently made New

York, and thought the landfall by no means bad. Chro-
nometors, now so accurate, were then an experiment.
The Nautical Ephemeris itself was faulty, and gave tables
which involved errors of thirty miles in the longitude.
The instruments of navigation erred by degrees quite as
much as they now do by minufes; for the rude “ cross
staff” and “back staff,” the “sea-ring” and “mariner’s
bow,” had not yet given place to the nicer sextant and
circle of reflection of the present day. Instances are
numerous of vessels navigating the Atlantic in those
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times being 6° 8° and even 10° of longitude out of their emarren

reckoning in as many days from port. _ i

Though navigators had been in the habit of crossing § 98
and recrossing the Gulf Stream almost daily for three Gur
centuries, it never occurred to them to make use of it Ail mstnot
a means of giving them their longitude, and of warning longitade
them of their approach to the shores of this continent.

Dr. Franklin was the first to suggest this use of it. § 99
The contrast afforded by the temperature of its waters pr. Frauk.
and that of the sea between the Stream and the shores of st s
America was striking. The dividing line between theg':ff“‘
warm and the cool waters was sharp ;' and this dividing
line, especially that on the western side of the stream,
never changed its position as much in longitude as mari-
ners erred in their reckoning.

When he was in London in 1770, he happened to g 100
be consulted as to a memorial which the Board of Cus-
toms at Boston sent to the Lerds of the Treasury, stat-
ing that the Falmouth packets were generally a fort-
night longer to Boston than common traders were from
London to Providence, Rhode Island. They therefore
asked that the Falmouth packets might be sent to Provi-
dence instead of to Boston! This appeared strange to
the doctor, for London was much farther than Falmouth,
and from Falmouth the routes were the same, and the
difference should have been the other way., He, how- Resutsof

knowa
ever, consulted Captain Folger, a Nantucket whaler, who sy,

chanced to be in London also; the fisherman explained ::Bm?:r
to him that the difference arose from the circumstance
that the Rhode Island captains were acquainted with the

Gulf Stream, while those of the English packets were

-_—

tge
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not. The latter kept in it, and were set back sixty or
seventy miles a day, while the former avoided it alto-
gether. He had been made acquainted with it by the
whales which were found on either side of it, but never
in it’ At the request of the doctor, he then traced on a
chart the course of this stream from the Straits of Flo-
rida. The doctor had it engraved at Tower Hill, and
sent copies of it to the Falmouth captains, who paid no
attention to it. The course of the Gulf Stream, as laid
down by that fisherman from his general recollection of
it, has been retained and quoted on the charts for navi-
gation, we may say, until the present day.

But the investigations of which we are treating are
beginning to throw more Jight upon this subject; they
are giving us more correct knowledge in every respect
with regard to it, and to many other new and striking
features in the physical geography of the sea.

No part of the world affords a more difficult or dan-
gerous navigation than the approaches of our northern
coast in winter. Before the warmth of the Gulf Stream
was known, a voyage at this season from Europe to New
England, New York, and even to the Capes of the Dela-
ware or Chesapeake, was many times more trying, diffi-
cult, and dangerons than it mow is. In making this
part of the coast, vessels are frequently met by snow-
storms and gales which mock the seaman’s strength, and
set at naught his skill. In a little while his bark becomes
a mass of ice; with her erew frosted and helpless, she
remains obedient only to her helm, and is kept away for
the Gulf Stream. After a few hows’ run, she reaches its
edge, and almost at the next bound passes from the

1870,
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midst of winter into a sea at summer heat. Now the cmarres
ice disappears from her apparel; the sailor bathes his =
stiffened limbs in tepid waters; feeling himself invigo- crnge
rated and refreshed with the genial warmth about him,
he realizes, out there at sea, the fable of Antmus and his
mother Earth. He rises up and attempts to make his
port again, and is again, perhaps, as rudely met and beat
back from the north-west; but each time that he is
driven off from the contest, he comes forth from this
stream, like the ancient son of Neptune, stronger and
stronger, until, after many days, his freshened strength
prevails, and he at last triumphs and enters his haven in
safety, though in this contest he sometimes falls to rise
no more, for it is often ten:lble. Many ships annually
founder in these gales; and I might name instances, for
they are not uncommon, in which vessels bound to Nor-
folk or Baltimore, with their crews enervated in tropical
climates, have encountered, as far down as the Capes of
Virginia, snow-storms that have driven them back into
the Gulf Stream time and again, and have kept them out
for forty, fifty, and even for sixty days, trying to make
an anchorage,

Nevertheless, the presence of the warm waters of the § 102
Gulf Stream, with their summer heat in mid-winter, off The e varm

the shores of New England, is a great boon to navigation. wesreun
At, this season of the year especially, the number of wrecks javiguion
and the loss of life along the Atlantic sea-frunt are fright-
ful. The month’s average of wrecks has been as high as
three a day., How many eseape by seeking refuge from the
cold in the warm waters of the Gulf Stream is matter of

conjecture. Suffice it to say, that before their temperature
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cnsvrer ' was known, vessels thus distressed knew of no place of

_ refuge short of the West Indies; and the newspapers of
that day—Franklin’s Pennsylvania Gazette among them
—inform us that it was no uncommeon oceurrence for ves-
sels, bound for the Capes of the Delaware in winter, to
be blown off and to go to the West Indies, and there
wait for the return of spring before they would attempt
another approach to this part of the coast.

§103  Accordingly, Dr. Franklin's discovery with regard to
S the Gulf Stream temperature was looked upon as one of
:‘I-:;:JJ:; great importance, not only on account of its affording to

the frosted mariner in winter a convenient refuge from

the snow-storm, but because of its serving the navigator
with an excellent land-mark or beacon for our coast in
all weathers. And so viewing it, the doctor, through
political considerations, concealed his discovery for a while.
It was then not uncommon for vessels to be as much as
10° out in their reckoning. He himself was 5° The
prize of £20,000, which had been offered, and partly paid
to Harrison, the chronometer maker, for improving the
means of finding longitude at sea, was fresh in the minds
of navigators, And here it was thought a solution of
the grand problem—for longitude at sea was a grand
problem—had been stumbled upon by chance; for, on
approaching the coast, the current of warm water in the
Gulf Stream, and of cold water on this side of it, if tried
with the thermometer, would enable the mariner to judge
with great certainty, and in the worst of weather, as to
his position. Jonathan Williams afterward, in speaking
of the importance which the discovery of these warm and
cold currents would prove to navigation, pertinently asked
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the question, “ If these stripes of water had been distin- cmarres

guished by the colours of red, white, and blue, could they ——
be more distinetly discovered than they are by the con-
stant use of the thermometer?” And he might have
added, could they bave marked the position of the ship
more clearly ?

When his work on Thermometrical Navigation ap-§ 104
peared, Commodore Truxton wrote to him: “ Your pub- comme-
lication will be of use to navigation, by rendering sea e
voyages secure far beyond what even you yourself will jame
immediately caleulate, for I have proved the utility of ™"
the thermometer very often since we sailed together.

“It will be found a most valuable instrument in the
hands of mariners, and particularly as to those who are
unacquainted with astronomical observations; . . ... "
these particularly stand in need of a simple method of
ascertaining the approach to or distance from the coast,
especially in the winter season; for it is then that pas-
sages are often prolonged, and ships blown off' the coast
by hard westerly winds, and vessels get into the Gulf
Stream without its being known ; on which account they
are often hove to by the captains’ supposing themselves
near the coast when they are very far off (having been
drifted by the currents). On the other hand, ships are
often cast on the coast by sailing in the eddy of the
Stream, which causes them to outrun their common reck-
oning, Every year produces new proofs of these facts,
and of the ealamities incident thereto.”

Though Dr. Franklin’s discovery was made in 1775, § 105
yet, for political reasons, it was not generally made known
till 1790. Its immediate effect in navigation was to
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enarrer make the ports of the North as accessible in winter as in

= summer. What agency this circumstance had in the
Effect of  decline of the direct trade of the South, which followed
tmveryen this discovery, would be, at least to the political econo-
neviatlon yist, a subject for much curious and interesting speculation.
I have referred to the commercial tables of the time, and
have compared the trade of Charleston with that of the
northern cities for several years, both before and after
the discovery of Dr. Franklin became generally known
pecine  to mavigators, The comparison shows an immediate
Somnem decline in the Southern trade, and a wonderful increase
"% in that of the North. But whether this discovery in
navigation, and this revolution in trade, stand in the
relation of cause and effect, or be merely a coincidence,

let others judge.
£106 In 1769, the commerce of the two Carolinas equalled
that of all the New England States together; it was
more than double that of New York, and exceeded that
of Pennsylvania by one-third* In 1792, the exports

from New York amounted in value to two millions and

* From M‘Pbcrmn'l Annals of Commerce.—Exports and Imports in 1769,

valued in Sterling Money,
EXPORTS.

| To Gr. Britaln. | Bo of Earope. | Wt Indies Africa, Toul |
£ ad| £ s d| £ s d| £ s d| £ ad
New England.....[142,775 12 9| 81,173 16 2/308.427 & 6| 17,713 0 9 550,089 10 2
New York......... 113,332 B 8| 50,885 13 O 66,324 17 5| 1,313 9 G[281,006 1 7
Penmsylvanin....| 28,112 6 9|208,762 11 11(178,331L 7 8 560 9 9410756 16 1
North and South| H
Caroliit........ 405,014 13 1| 76,119 12 10| BT,758 18 3 691 17 1 569,584 17 3;

IMPORTS,
New England.....[223,695 11 6] 25,408 17 91:14.1411 4 5 180 O 0564084 3 8
New York.........[ 75,930 19 7| 14927 7 0[897420 4 0| 97 10 of18a878 13

Pennsylvania.... 204,070 17 4| 14,249 6 4 (180,501 12 4 300,830 18 0
North and South

Carolivs.........1327,08¢ 8 6| 7,009 & 10| 76,269 17 11(137,620 10 0 (535,714 2 3|
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9% half; from Pennsylvania to 3,820,000 dollars; and cmarren

from Charleston alone to 3,834,000 dollars, E,.
But in 1795—by which time the Gulf Stream began § 107

to be as well understood by navigators as it now is, and v

the average passages from Europe to the North were Nortier

shortened nearly one-half, while those to the South o

mained about the same—the customs at Philadelphia

alone amounted to 2,941,000 dollars,®* or more than one-

half of those collected in all the states together.

Nor did the effect of the doctor’s discovery end here. g 108
Before it was made, the Gulf Stream was altogether insi- rurther
dious in its effects. By it vessels were often drifted many .
miles out of their course without knowing it; and in bad *™
and cloudy weather, when many days would intervene
from one observation to another, the set of the current,
though really felt for but a few hours during the interval,
could only be proportioned out equally among the whole
number of days, Therefore navigators could have only
very vague ideas either as to the strength or the actual
limits of the Gulf Stream, until they were marked out to

* Value of Exports in Dollars

179 e e I T l 1704 176,
Mussachusetts...............| 2.519,651] 2,888,104] 3,755,347| 5,292, 441] 7,117,907 9,049,343
New York....... 2,305,465( 2,535,780| 2,992,3701 5,$42,000|10,504,000|12,208,027)
Pennsylvanis .. 3,436,000 3,820,000) €9:8,000| & 643,000(11,518,000/17,513,866
South Carolina.. 2,693,000 2,435,000 3,191,000 3,865,000] 5,995,000| 7,620,000(
Duties on Imports in Dollars,
Tl e 17 I | 1738, i 1788 180,

Massachusetts...|1,006,0000  723,000] 1,004,000] 1,121,000
New York....... L334,000 1,173,000 1,204,000] 1,876,000/ 2,028,000 2,187,000/10,713,000
Penmsylvania... 1,466,000 1,100,000] 1,523,000| 1,498,000 2,300,000{ 2.050,000] 2,307,000
South Carolina.! 599,000 250,000) 260,000) e61,000 723, 66,000) 859,000

! Doe. No. 330, L R., Id Sesslon, 25th Congress. Some of its statements do not agres
with those taken from M‘Pherson, and previously quoted.

1330, 1,460,0000 3,055,000
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omarree the Nantucket fishermen by the whales, or made known

2 by Captain Folger to Dr. Franklin, The discovery, there-

fore, of its high temperature assured the navigator of the

presence of a current of surprising velocity, and which,

now turned to certain account, would hasten, as it had
retarded his voyage in a wonderful degree.

§109  Such, at the present day, is the degree of perfection to

tmprove- which nautical tables and instruments have been brought,

ment of

naatieal - that the navigator may now detect, and with great cer-
msrn-  tainty, every current that thwarts his way. He makes
" great use of them. Colonel Sabine, in his passage, a few
years ago, from Sierra Leone to New York, was drifted
one thousand six hundred miles of his way by the force
of currents alone; and, since the application of the ther-
mometer to the Gulf Stream, the average passage from
England has been reduced from upwards of eight weeks

to a little more than four.
§110 Some political economists of America have ascribed the
Decline of opant, decline of Southern commerce which followed the

Southe 3
commerce adoption of the Constitution of the United States to the

;::lﬁﬂ::ldnﬁ protection given by legislation to Northern interests. But

:.E;T I think these statements and figures show that this decline

was in no small degree owing to the Gulf Stream and the

water thermometer; for they changed the relations of

Charleston—the great Southern emporium of the times—

removing it from its position as a half-way house, and
placing it in the category of an outside station.

§111 The plan of our work takes us necessarily into the air,

Necessity for the sea derives frcm the winds seme of the most

for a know-

ledge of  striking features in its physical geography. Without a

the winds

knowledge of the winds, we can neither understand the
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navigation of the ocean, nor make ourselves intelligently cmsrren
acquainted with the great highways across it. As with ——
the land, so with the sea; some parts of it are as untra-
velled and as unknown as the great Amazonian wilder-
ness of Brazil, or the inland basins of Central Africa. To
the south of a line extending from Cape Horn to the
Cape of Good Hope'is an immense waste of waters,
None of the commercial thoroughfares of the ocean lead
through it; only the adventurous whaleman finds his way
there now and then in pursuit of his game; but for all the
purposes of science and navigation, it is a vast unknown
region. Now, were the prevailing winds of the South At-
lantic northerly or southerly, instead of easterly or westerly,
this unploughed sea would be an oft-used thoroughfare.

Nay, more, the sea supplies the winds with food for§112
the rain which these busy messengers convey away from
the ocean to “the springs in the valleys which run among
the hills” To the philosopher the places which supply
the vapours are as suggestive and as interesting for the
instruction they afford, as the places are upon which the
vapours are showered down. Therefore, as he who studies iow tnis
the physical geography of the land is expected to make :unl‘:'ITm
himself acquainted with the regions of precipitation, so "™
he who looks into the physical geography of the sea
should search for the regions of evaporation, and for those
springs in the ocean which supply the reservoirs among
the mountains with water to feed the rivers; and, in order
to conduet this search properly, he must consult the winds,
and make himself acquainted with their “ circuits.” Hence,
in a work on the Physical Geography of the Sea, we treat
also of the ATMOSPHERE.

1 Plaw VILI,
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CHAPTER IIL

THE ATMOSPHERE.

Tts Connection with the Physical Geography of the Sea, § 113.—Descriptivn,
114.—Order in Sea and Air, 119.—The Language and Eloquence of Nature,
120,—The Trade Winds, 122.—Plate L., Circulation of the Atmosphere, 125,
—An Illustration, 126.—Theory, 128.—Where and why the Barometer stands
highest, 133,—The Pleindes, 142.—Trade-wind Clouds, 146.—Forces con-
eerned, 149,—Heat and Cold, 150.—How the Winds turn about the Poles, 155.
—Offices of the Atmosphere, 150.—Mechanical Power of, 167.—Whence come
the BHains for the Northern Hemisphere? 169.—Quantity of Rain in each
Hemisphere, 175.—The Baltest Fortion of the Sea, 179.—The North-cast Trade-
winds take uwp Vapours for the Bouthern Hemisphere, 181.—Rainy Seasons,
187.—In Oregon, 189.—California, 191.—Panama, 193.— Rainless Regions,
194.—Rainy Bide of Mountains, 199.—The Ghauts, 200.—The greatest Preci-
pitation—where it takes place, 203.—Evaporation, 207.—Rate of, in India,
210.— Adaptations of the Atmosphere, 219,

omarrvR A PHILOSOPHER of the East,* with a richness of imagery

mr.

truly Oriental, describes the atmosphere as “a spherical

§ 113 shell which surrounds our planet to a depth which is un-

The At-
‘mosphere

known to us, by reason of its growing tenuity, as it is
released from the pressure of its own superincumbent
mass, Its upper surface cannot be nearer to us than
fifty, and can scarcely be more remote than five hundred
miles. It surrounds us on all sides, yet we see it not ; it
presses on us with a load of fifteen pounds on every
square inch of surface of our bodies, or from seventy to
one hundred tons on us in all, yet we do not so much as
feel its weight. Softer than the softest down—more
impalpable than the finest gossamer—it leaves the cob-
web undisturbed, and scarcely stirs the lightest flower
that feeds on the dew it supplies; yet it bears the fleets
of nations on its wings around the world, and crushes

* Dr. Buist, of Bombay.
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the most refractory substances with its weight. When caarres

IIL.

in motion, its force is sufficient to level the most stately —
forests and stable buildings with the earth—to raise the nmy -
waters of the ocean into ridges like mountains, and dash ———
the strongest ships to pieces like toys. It warms and
cools by turns the earth and the living ereatures that in-
habit it. It draws up vapours from the sea and land,
retains them dissolved in itself, or suspended in cisterns
of clouds, and throws them down again as rain or dew
when they are required. It bends the rays of the sun
from their path, to give us the twilight of evening and
of dawn ; it disperses and refracts their various tints to
beautify the approach and the retreat of the orb of day.
But for the atmosphere, sunshine would burst on us and
fail us at once, and at once remove us from midnight
darkness to the blaze of noon. We should have no twi-
light to soften and beautify the landscape; no clouds to
shade us from the scorching heat, but the bald earth, as
it revolved on its axis, would turn its tanned and weak-
ened front to the full and unmitigated rays of the lord
of day. It affords the gas which vivifies and warms our
frames, and receives into itself that which has been pol-
luted by use, and is thrown off as noxious, It feeds the
flame of life exactly as it does that of the fire—it is in
both cases consumed, and affords the food of consumption
—in both cases 1t becomes combined with charcoal, which
requires it for combustion, and is removed by it when
this is over.”

“It is only the girdling encircling air,” says another § 114
philosopher,” “that flows above and around all, that

* Vide North British Review,
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makes the whole world kin. The carbonic acid with
which to-day our breathing fills the air, to-morrow secks
its way round the world.  The date-trees that grow
round the falls of the Nile will drink it in by their leaves ;
the cedars of Lebanon will take of ite-to add to their
stature ; the cocoa-nuts of Tahiti will grow rapidly upon
it, and the palms and bananas of Japan will change it
into flowers. The oxygen we are breathing was distilled
for us some short time ago by the magnolias of the Sus-
quehanna, and the great trees that skirt the Orinoco and
the Amazon—the giant rhododendrons of the Himalayas
contributed to it, and the roses and myrtles of Cashmere,
the cinnamon-tree of Ceylon, and the forest older than
the flood, buried deep in the heart of Africa, far behind
the Mountains of the Moon. The rain we see descending
was thawed for us out of the icebergs which have watched
the polar star for ages, and the lotus lilies have soaked
up from the Nile, and exhaled as vapour, snows that
rested on the summits of the Alps.”

“The atmosphere,” continues Maun, “ which forms the
outer surface of the habitable world, is a vast reservoir,
into which the supply of food designed for living creatures
is thrown; or, in one word, it is itself the food, in its
simpie form, of all living creatures. The animal grinds
down the fibre and the tissue of the plant, or the nutri-
tious store that has been laid up within its cells, and
converts these into the substance of which its own organs
are composed. The plant acquires the organs and nutri-
tious store thus yielded up as food to the animal, from
the invulnerable air surrounding it.”

“But animals are furnished with the means of loco-
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motion and of seizure—they can approach their food, and cnarres

" lay hold of and swallow it; plants must wait till their
food comes to them. No solid particles find access to
their frames; the restless ambient air which rushes past
them loaded with the carbon, the hydrogen, the oxygen,
the water—everything they need in the shape of supplies,
is constantly at hand to minister to their wants, not only
to afford them food in due seasonm, but in the shape and
fashion in which alone it can avail them.”

There is no employment more ennobling to man and § 137

his intellect than to trace the evidences of design and
purpose in the Creator, which are visible in many parts
of the creation. Henece, to the right-minded mariner, Genera
and to him who studies the physical relations of earth,
sea, and air, the atmosphere is something more than a
shoreless ocean, at the bottom of which le ecreeps along.
It is an envelope or covering for the dispersion of light
and heat over the surface of the earth ; it is a sewer into
which, with every breath we draw, we cast vast quantities
of dead animal matter ; it is a laboratory for purification,
in which that matter is recompounded, and wrought
again into wholesome and healthful shapes ; it is a machine
for pumping up all the rivers from the sea, and conveying
the waters for their fountains on the ocean to their
sources in the mountains ; it is an inexhaustible magazine,
marvellously adapted for many benign and beneficent
purposes.

Upon the proper working of this machine depends the § 118
well-being of every plant and animal that inhabits the
earth ; therefore the management of it, its movements,
and the performance of its offices, cannot be left to

0f plants

LE
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chance. They are, we may rely upon it, guided by laws
that make all parts, functions, and movements of the
machinery as obedient to order and as harmonious as are
the planets in their orbits.

An examination into the economy of the universe will
be sufficient to satisfy the well-balanced minds of observ-
ant men, that the laws which govern the atmosphere and
the laws which govern the ocean’are laws which were
put in force by the Creator when the foundations of the
earth were laid, and that therefore they are laws of order ;
else, why should the Gulf Stream, for instance, be always
where it is, and running from the Gulf of Mexico, and
not somewhere else, and sometimes running into it?
Why should there be a perpetual drought in one part of
the world, and continual showers in another? Or why
should the winds and “ waves of the sea ever clap their
hands with joy,” or obey the voice of rebuke?

To one who looks abroad to contemplate the agents of
nature, as he sees them at work upon our planet, no ex-
pression uttered nor act performed by them is withont
meaning. By such an one, the wind and rain, the va-
pour and the cloud, the tide, the current, the saltness,
and depth, and warmth, and colour of the sea, the shade
of the sky, the temperature of the air, the tint and shape
of the clouds, the height of the tree on the shore, the
size of its leaves, the brilliancy of its flowers—each and
all may be regarded as the exponent of certain physical
combinations, and therefore as the expression in which
Nature chooses to announce her own deings, or, if we
please, as the language in which she writes down or
chooses to make known her own laws. To understand

1 §Te.
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that language and to interpret aright those laws is the caarren
object of the undertaking which we now have in hand. -
No fact gathered in such a field as the one before us can
therefore come amiss to those who tread the walks of
inductive philosophy ; for, in the hand-book of nature,
every such fact is a syllable ; and it is by patiently col-
lecting fact after fact, and by joining together syllable
after syllable, that we may finally seek to read aright
from the great volume which the mariner at sea as well

as the philosopher on the mountain each sees spread out
before him,

OF ITS CIRCULATION.—We have seen' that there are § 121
constant currents in the ocean; we shall now see that
there are also regular currents in the atmosphere.

From the parallel of about 30° north and south, nearly g 122
to the equator, we have, extending entirely around the The trate

" winds.
earth, two zones of perpetual winds, namely, the zone of
north-east trades on this side, and of south-east on that.
With slight interruptions, they blow perpetually, and are
as steady and as constant as the currents of the Mississippi
River, always moving in the same direction (Plate 1)
except when they are turned aside by a desert here and
there to blow as monscons, or as land and sea breezes.
As these two main currents of air are constantly flowing
from the poles toward the equator, we are safe in assum-
ing that the air which they keep in motion must return
by some channel to the place toward the poles whenee it
came in order to supply the trades. If this were not so,
these winds would soon exhaust the Polar regions of
atmosphere, and pile it up about the equator, and then
cease to blow for the want of air to make more wind of,

1§13l
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emarrie  This return current, therefore, must be in the upper

s regions of the atmosphere, at least until it passes over

§$123 those parallels between which the trade-winds are always
Thtr blowing on the surface. The return current must also

move in the direction opposite to that wind the place of
which it is intended to supply. These direct and counter
currents are also made to move in a sort of spiral or loxo-
dromic curve, turning to the west as they go from the
poles to the equator, and in the opposite direction as they
move from the equator toward the poles. This turning is
caused by the rotation of the earth on its axis,

§124  The earth, we know, moves from west to east. Now,
oo if we imagine a particle of atmosphere at the north pole,
win%.  where it is at rest, to be put in motion in a straight line

toward the equator, we can easily see how this particle of
air, coming from the very axis of diurnal rotation, where
it did not partake of the diurnal motion of the earth,
would, in consequence of its vis inertie, find, as it travels
south, the earth slipping from under it, as it were, and
thus it would appear to be coming from the north-east
and going toward the south-west; in other words, it would
be a north-east wind.

§125  The better to explain, let us take a common terrestrial
mutra- globe for the illustration. Bring the island of Madeira,

or any other place about the same parallel, under the
brazen meridian ; put a finger of the left hand on the
place ; then, moving the finger down along the meridian
to the south, to represent the particle of air, turn the globe
on its axis from west to east, to represent the diurnal
rotation of the earth, and when the finger reaches the
equator, stop. It will now be seen that the place on the
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globe under the finger is to the southward and westward cusrren

of the place from which the finger started ; in other words, oot
the track of the finger over the surface of the globe, like

the track of the particle of air upon the earth, has been

from the northward and eastward.

On the other hand, we can perceive how a like particle § 126
of atmosphere that starts from the equator, to take the Cunee of
place of the other at the pole, would, as it travels north, wisa.
in consequence of its vis inertie, be going toward the east
faster than the earth. It would therefore appear to be
blowing from the south-west, and going toward the north-
east, and exactly in the opposite direction to the other.
Writing south for north, the same takes place between the
south pole and the equator.

Such is the process which is actually going on in nature; § 127"
and if we take the motions of these two particles as the Two
type of the motion of all, we shall have an illustration i
of the great currents in the air, the equator being near
one of the nodes, and there being at least two systems of
currents, an upper and an under, between it and each
pole.

Halley, in his theory of the trade-winds, pointed out § 128
the key to the explanation so far, of the atmospherical maneys
circulation ; but, were the explanation to rest here, a :.‘;::.’L’::
north-east trade-wind extending from the pole to the
equator would satisfy it; and were this so, we should
bave, on the surface, no winds but the north-east trade-
winds on this side, and none but south-east trade-winds
on the other side, of the equator.

Let us return now to our northern particle (Plate L), §129

and follow it in a round from the north pole across the meory.
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emarren equator to the south pole, and back again. Setting off
™ from the polar regions, this particle of air, for some rea-
son which does not appear to have been very satisfac-
torily explained by philosophers, instead of travelling’ on
the surface all the way from the pole to the equator,
travels in the upper regions of the atmosphere until it
gets near the parallel of 30° Here it meets, also in the
clouds, the hypothetical particle that is coming from the
south, and going north to take its place.
§130  About this parallel of 30° north, then, these two par-
St ticles press against each other with the whole amount of
their motive power, and produce a calm and an accumu-
lation of atmosphere: this accumulation is sufficient to
balance the pressure of the two winds from the north and
south.
§131  From under this bank of calms, which seamen call the
R = horse lattitudes” (I have called them the calms of
Cancer), two surface currents of wind ave ejected; ome
toward the equator, as the mnorth-east trades, the other
toward the pole, as the south-west passage-winds,
§132  These winds come out at the lower surface of the ealm
Demmersrd region, and consequently the place of the air borne away
in this manner must be supplied, we may infer, by down-
ward currents from the superincumbent air of the calm
region. Like the case of a vessel of water which has
two streams from opposite directions running in at the
top, and two of equal capacity discharging in opposite
directions at the bottom, the motion of the water would
be downward, so is the motion of the air in this calm
zone.
§133 The barometer, in this calm region, is said to stand

18128
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higher than it does either to the north or to the south of cuarren

it; and this is another proof as to the banking up here s
of the atmosphere, and pressure from its downward mo- i
tion. We can understand why there should be an up- oot
rising of the air which the two systems of trade-winds

pour into the equatorial calms. But when this air com- Cusetawo:
mences to flow toward the poles as an upper current, we stood.
cannot understand why it should not continue gradually

to descend and turn back® all the way from the equator

to the poles, nor as far as investigation has gone, has

any explanation been suggested for the calm belts of the
tropies ; nor ean we tell why the upper currents should

meet at one parallel in preference to another. But the

fact of a meeting and a preference is certain.

Following our imaginary particle of air, however, from § 184
the north across this calm belt of Cancer, we now feel it mheory
moving on the surface of the earth as the north-east -
trade-wind; and as such it continues, till it arrives near
the equator, where it meets a like hypothetical particle,
which, starting from the south at the same time the other
started from the north pole, has blown as the south-east
trade-wind.

Here, at this equatorial place of meeting, there is an- § 135
other conflict of winds, and another calm region, for a Cunse o
north-east and south-east wind cannot blow at the same
time in the same place. The two particles have been
put in motion by the same power; they meet with equal
force; and, therefore, at their place of meeting, are
stopped in their course. Here, therefore, there is a calm
belt.

Warmed now by the heat of the sun, and pressed on § 136

1§ 144,
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ensrrze each side by the whole foree of the north-east and south-
2 east trades, these two hypothetical particles, taken as the
Erem® type of the whole, cease to move onward and ascend,
This operation is the reverse of that which took place at
the meeting' near the parallel of 30°
$137  This imaginary particle, then, having ascended to the
cumot upper regions of the atmosphere again, travels there coun-
LSO tor to the south-east trades, until it meets, near the calm
belt of Capricorn, another particle from the south pole;
here there is a descent as before ; it then'flows on toward
the south pole as a surface wind from the north-west.
§138  Entering the polar regions obliquely, it is pressed upon
conctnsion by similar particles flowing in oblique currents across
ul theery. ] i e
every meridian ; and here again is a calm place or node ;
for, as our imaginary particle approaches the parallels
near the polar calms more and more obliquely, it, with
all the rest, is whirled about the pole in a continued
circular gale; finally, reaching the vortex or the calm
‘place, it is carried upward to the regions of atmosphere
above, whence it commences again its cireuit to the north
as an upper current, as far as the calm belt of Capricorn;
here it encounters its fellow from the north ;® they stop,
descend, and flow out as surface currents®the one with
which the imagination is travelling, to the equatorial
calm as the south-east trade-wind ; here’ it ascends, tra-
velling thence to the ealm belt of Cancer as an upper
current counter to the north-east trades. Here®it ceases
to be an upper current, but, descending,’ travels on with
the south-west passage-winds toward the pole.
g139 Now the course we have imagined an atom of air to
take is this (Plate I): an ascent in a place of calms

16130, * §126, 5 g 125, T 135, v g 13
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about the north pole at P; an efflux thence as an upper cmarrin
current' until it meets G (also an upper current) over the —
calms of Cancer. Here®there is supposed to be a descent, rrg

as shown by the arrows along the wavy lines which en- e o
velop the circle. This upper current from the pole'now **
becomes the north-east trade-wind, B on the surface,

until it meets the south-east trades in the equatorial
calms, when it ascends and travels as C with the upper
current to the calms of Capricorn, then as D with the
prevailing north-west surface current to the south pole,
thence up with the arrow P, and around with the hands

of a watch, and back, as indicated by the arrows along

E F, G, and H.

The Bible frequently makes allusions to the laws of § 140
nature, their operation and effects. But such allusions e B
are often so wrapped in the folds of the peculiar and twlawsur
graceful drapery with which its language is occasionally T
clothed, that the meaning, though peeping out from its
thin covering all the while, yet lies in some sense con-
cealed, until the lights and revelations of science are
thrown upon it ; then it bursts out and strikes us with
exquisite force and beauty.

As our knowledge of nature and her laws has in- § 141
creased, so has our understanding of many passages in Ligkt
the Bible been 1mpmved. The Psalmist called the earth e bive
“the round world;"” yet for ages it was the most dam- o S8
nable heresy for Christian men to say the world is round; *™*™
and, finally, sailors circumnavigated the globe, proved the
Bible to be right, and saved Christian men of science
from the stake.

“ Canst thou tell the sweet influences of the Pleiades?” § 142

1§19,  £130, s g 134, « §134,
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Astronomers of the present day, if they have not an-
swered this question, have thrown so much light upon it
as to show that, if ever it be answered by man, he must
consult the science of astronomy. It has been recently
all but proved, that the earth and sun, with their splendid
retinue of comets, satellites, and planets, are all in motion
around some point or centre of attraction inconceivably
remote, and that that point is in the direction of the
star Aleyon, one of the Pleiades! Who but the astrono-
mer, then, eould tell their “sweet influences 7"

And as for the general system of atmospherical circu-
lation which I have been so long endeavouring to de-
scribe, the Bible tells it all in a single sentence: “ The
wind goeth toward the south, and turneth about unto
the north ; it whirleth about continually, and the wind
returneth again according to his circuits.”—Fecl. i. 6.

Of course, as the surface winds H and D (Plate 1)
approach the poles, there must be a sloughing off, if I
may be allowed the expression, of air from the surface
winds, in consequence of their approaching the poles;
for as they near the poles, the parallels become smaller
and smaller, and the surface current must either extend
much higher up, and blow with greater rapidity as it
approaches the poles, or else a part of it must be sloughed
off above, and so turn back before reaching the calms
about the poles. The latter is probably the case.

Qur investigations show that the south-east trade-wind
region is much larger than the north-east (I speak now
of its extent over the Atlantic Ocean only); that the
south-east trades are the fresher, and that they often
push themselves up to 10° or 15° of north latitude;
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whereas the north-east trade-wind seldom gets south of cuarres
the equator. St

The peculiar clouds of the trade-winds are formed be- § 146
tween the upper and lower currents of air. They are Cloudsor
probably formed of vapour condensed from the upper .
current, and evaporated as it descends by the lower and
dry current from the poles. It is the same phenomenon
up there which is so often observed here below; when a
cool and dry current of air meets a warm and wet one,
an evolution of vapour or fog ensues.

We now see the general course of the “wind in his § 147
circuits,” as we see the general course of the water in a Gener
river. There are many abrading surfaces, irregularities, g
&e., which produce a thousand eddies in the main stream;
yet, nevertheless, the general direction of the whole is
not, disturbed nor affected by those counter currents; so
with the atmosphere and the variable winds which we
find here in this latitude.

Have I not, therefore, very good grounds for the § 148
opinion' that the “wind in his circuits,” though appa- St
rently to us never so wayward, is as obedient to law and
as subservient to order as were the morning stars when
they “sang together?”

There are at least two forces concerned in driving the § 149
wind through its circuits. We have seen’ whence that Two forces
force is derived which gives easting to the winds as they I arving
approach the equator, and westing as they approach the the winds
poles, and allusion, without explanation, has been made’
to the source whence they derive their northing and their
southing. The trade-winds are caused, it is said, by the Cunte of
inter-tropical heat of the sun, which, expanding the air, winds o

1 §ns. 814 * £ 1386,




CHAVITER
FH N

§ 150

Tiustra-
tion.

76 THE PHYSICAL GEOGRAPHY OF THE SEA,

causes it to rise up near the equator; it then flows off in
the upper currents north and south, and there is a rush
of air at the surface both from the north and the south
to restore the equilibrium—hence the trade-winds. But
to the north side of the trade-wind belt in the northern,
and on the south side in the southern hemisphere, the
prevailing direction of the winds is not toward the source
of heat about the equator, but exaetly in the opposite
direction. In the extra-tropical region of each hemis-
phere the prevailing winds blow from the equator toward
the poles. It therefore at first appears paradoxical to
say that heat makes the easterly winds of the torrid
zone blow toward the equator, and the westerly winds of
the temperate zones to blow toward the poles. Let us
illustrate :

The primwm mobile of the extra-tropical winds toward
the equator is, as just intimated, generally ascribed to
heat, and in this wise, namely : Suppose, for the moment,
the earth to have no diurnal rotation ; that it is at rest;
that the rays of the sun have been cut off from it; that
the atmosphere has assumed a mean uniformity of tem-
perature, the thermometer at the equator and the ther-
mometer at the poles giving the same reading; that the
winds are still, and that the whole aerial ocean is in
equilibrium and at rest. Now imagine the screen which
is supposed to have shut off the influence of the sun to
be removed, and the whole atmosphere to assume the
various temperatures in the various parts of the world
that it actually has at this moment, what would take
place, supposing the uniform temperature to be a mean
between that at the equator and that at the poles?
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Why, this would take place: a swelling up of the atmos- euarrea

phere about the equator by the expansive force of inter- =
tropical heat, and a contraction of it about the poles in
consequence of the ecold. These two forces, considering
them under their most obvious effects, would disturb the
supposed atmospherical equilibrium by altering the level
of the great aerial ocean; the expansive force of heat
elevating it about the equator, and the contracting powers
of eold depressing it about the poles. And forthwith two
systems of winds would commence to blow, namely, one in
the upper regions from the equator toward the poles, and
as this warm and expanded air should flow toward either
pole, seeking its level, a wind would blow on the surface
from either pole to restore the air to the equator which
the upper current had carried off.

These two winds would blow due north and south ; § 151
the effects of heat at the equator, and cold at the poles, ipei
would cause them so to do. Now suppose the earth to tinoea
commence its diurnal rotation ; then, instead of having
these winds north and south winds, they will, for reasons
already explained,' approach the equator on both sides
with easting in them, and each pole with westing,

The circumference of the earth measured on the § 152
parallel of 60° is only half what it is when measured on
the equator. Therefore, supposing velocity to be the
same, only half the volume of atmosphere® that sets off
from the equator as an upper eurrent toward the poles
can cross the parallel of 60° north or south. The other
moiety has been gradually drawn in and carried back’
by the current which is moving in the opposite direction.

Such, and such only, wounld be the extent of the power § 153

1§14, 1§ 140, STy
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of the sun to create a polar and equatorial flow of air,
were its power confined simply to a change of level. But

o on e the atmosphere has been invested with another property

air nnder
supposed
clreuam=
stances.

Specific
R
alr.

§ 154

Con-
clusions

which increases its mobility, and gives the heat of the
sun still more power to put it in motion, and it is this:
as heat changes the atmospherical level, it changes also
the specific gravity of the air acted upon. 1If, therefore,
the level of the great aerial ocean were undisturbed by
the sun’s rays, and if the air were adapted to a change
of specific gravity alone, without any change in volume,
this quality would also be the source of at least two
systems of currents in the air, namely, an upper and a
lower. The two agents combined, namely, that which
changes level or volume, and that which changes specific
gravity, give us the general currents under consideration.
Hence we say that the primum mobile of the air is
derived from change of specific gravity induced by the
freezing temperature of the polar regions, as well as from
change of specific gravity due the expanding force of the
sun’s rays within the tropics.

Therefore, fairly to appreciate the extent of the influence
due the heat of the sun in causing the winds, it should be
recollected that we may with as much reason ascribe to
the inter-tropical heat of the sun the north-west winds,
which are the prevailing winds of the extra-tropical
regions of the southern hemisphere, or the south-west
winds, which are the prevailing winds of the extra-tropical
regions of the northern hemisphere, as we may the trade-
winds, which blow in the opposite directions. Paradoxi-
cal, therefore, as it seems for us to say that the heat of
the sun causes the winds between the parallels of 25° or
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30° north and south to blow toward the equator, and i
that it also causes the prevailing winds on the polar sides —
of these same parallels to blow toward the poles, yet the
paradox ceases when we come to reeollect that by the
process of equatorial heating and polar cooling which is
going on in the atmosphere, the specific gravity of the air

is changed as well as its level. ~Nevertheless, as Halley .
said, in his paper read before the Royal Society in London

in 1686, and as we also have said} it is likewise very

hard to conceive why the limits of the trade-wind should

be fixed about the parallel of latitude 30 all around the
globe, and that they should so seldom exeeed or fall short

of those bounds,”

Operated upon by the equilibrating tendency of the § 155
atmosphere and by diurnal rotation, the wind approaches mow
the north pole, for example, by a series of spirals from the m
south-west. If we draw a circle about this pole on a.::r
common terrestrial globe, and intersect it by spirals to
represent, the direction of the wind, we shall see that the
wind enters all parts of this circle from the south-west,
and that, consequently, there should be about the poles a
disc or circular space of calms, in which the air ceases to
move forward as wind, and ascends as in a calm ; about
this calm dise, therefore, there should be a whirl, in which
the ascending column of air revolves from right to left,
or against the hands of a watch. At the south pole the swthpo
winds come from the north-west and consequently there
they revolve about it with the hands of a watch.

That this should be so will be obvious to any one who
will look at the arrows on the polar sides of the calms
Cancer and Capricorn (Plate 1) These arrows are

18133, * 8197,
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cnsrrer intended to represent the prevailing direction of the wind
2 at the surface of the earth on the polar side of these calms,
§156 It is a singular coincidence between these two facts
singulwr  thus deduced, and other facts which have been observed

eoincid-

encere- and which have been set forth by Redfield, Reid, Pidding-

ey ton, and others, namely, that many of the rotatory storms
e in the northern hemisphere revolve as do the whirlwinds
"% about the north pole, namely, from right to left, and that
all eircular gales in the southern hemisphere revolve in the
opposite direction, as does the whirl about the south pole.

§157 How can there be any connection between the rotary
motion of the wind about the pole, and the rotary motion
of it in a gale caused here by local agents?

§158 That there is probably such a connection has been
suggested by other facts and circumstances, and perhaps I
shall be enabled to make myself clearer when we come to
treat of these facts and circumstances, and to inquire
farther' into the relations between magmetism and the

i circulation of the atmosphere; for, although the theory

Saint ot of heat satisfies the conditions of the problem, and though
heat, doubtless, is one of the chief agents in keeping up
the circulation of the atmosphere, yet it can be made to
appear that it is not the sole agent.

§158 SoME OF 1T$s METEOROLOGICAL AGENCIES.—So far, we
ool how the atmosphere moves; but the atmosphere, like
shere  every other department in the economy of nature, has its

offices to perform, and they are many. I have already
alluded to some of them ; but I only propose, at this
time, to consider some of the meteorological agencies at
sea, which, in the grand design of creation, have probably
been assigned to this wonderful machine.

' Asat § 209,
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To distribute moisture over the surface of the earth, cnirrea
and to temper the climate of different latitudes, it would -
seem, are two great offices assigned by their Creator to guln?ﬂb
the ocean and the air. ture and

When the north-east and south-east trades meet and m
produce the equatorial calms,’ the air, by the time it constaut
reaches this calm belt, is heavily laden with moisture, for tonta
in each Lemisphere it has travelled obliquely over a large “™ "
space of the ocean. It has no room for escape but in the
upward direction.” It expands as it ascends, and becomes
cooler; a portion of its vapour is thus condensed, and
comes down in the shape of rain. Therefore it is that,
under these calms, we have a region of constant precipita-
tion. Old sailors tell us of such dead calms of long con- Siagular
tinuance here, of such heavy and constant rains, that they
have scooped up fresh water from the surface of the sea.

The conditions to which this air is exposed here under § 162
the equator are probably not such as to cause it to preci-
pitate all the moisture that it has taken up in its long
sweep across the waters. Let us see what becomes of the
rest ; for Nature, in her economy, permits nothing to be
taken away from the earth which is not to be restored
to it again in some form, and at some time or other.

Consider the great rivers—the Amazon and the Missis- § 163
sippi, for example. We see them day after day, and Amasa
year after year, discharging immense volumes of water .;“;;fm
into the ocean.

“ All the rivers run into the sea, yet the sea is not full” whenes
(Ecel. 1 7). Where do the waters so discharged go, and ——
where do they come from? They come from their sources, ***'**
you will sny,  But whence are their sources supplied ? for,

1 & 135 T & 136.
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cmarren unless what the fountain sends forth be returned to it
= again, it will fail and be dry.
§164 We see simply, in the waters that are discharged by
Prodpita- these rivers, the amount by which the precipitation exceeds
conds ova- the evaporation throughout the whole extent of valley
P drained by them ; and by precipitation I mean the total
amount of water that falls from, or is deposited by the
atmosphere, whether as dew, rain, hail, or snow.
g£165 The springs of these rivers'are supplied from the rains
of heaven, and these rains are formed of vapours which
are taken up from the sea, that “it be not full,” and
carried up to the mountains through the air.
“Note the place whence the rivers come, thither they
return again.”
§166  Behold how the waters of the Amazon, of the Mississippi,
watersof the St. Lawrence, and all the great rivers of America,

rlvera car-

ried tuck Europe, and Asia, lifted up by the atmosphere, and

koot flowing in invisible streams back through the air to their
sources among the hills’and that through channels so
regular, certain, and well defined, that the quantity thus
conveyed one year with the other is mearly the same:
for that is the guantity which we see running down to
the ocean through these rivers ; and the quantity discharged
annually by each river is, as far as we can judge, nearly
a constant.

§167 We now begin to conceive what a powerful machine
oo the atmosphere must be ; and, though it is apparently so
o 8 capricious and wayward in its movements, here is evidence
otatmo-  of order and arrangement which we must admit, and
o proof which we cannot deny, that it performs this mighty

office with regularity and ecertainty, and is, therefore, as

1 g2 : g2
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obedient to law as is the steam-engine to the will of its coarren
builder. =

. It too, is an engine. The South Seas themselves, in § 168
all their vast inter-tropical extent, are the boiler for it, St
and the northern hemisphere is its condenser. The thesteam
mechanical power exerted by the air and the sun in lift- -
ing water from the earth, in transporting it from one
place to another, and in letting it down again, is incon-
ceivably great. The utilitarian who compares the water-
power that the Falls of Niagara would afford if applied
to machinery, is astonished at the number of figures
which are required to express its equivalent in horse-power.,

Yet what is the horse-power of the Niagara, falling a few
steps, in comparison with the horse-power that is required
to lift up as high as the clouds and let down again all
the water that is discharged into the sea, not only by this
river, but by all other rivers in the world The cal- Calculs-

tion of

culation has been made by engineers, and, according to it, force re-

the force for making and lifting vapour from each area of oo

one acre that is included on the surface of the earth is e emh.
equal to the power of 30 horses, and for the whole area
of the earth it is 800 times greater than all the water-
power in Europe.

Where does the vapour that makes the rains which § 169
feed the rivers of the northern Lemisphere come from ?

The proportion between the land and water in the Dlm«
northern hemisphere is very different from the proportion tion ve-

that obtains between them in the southern. In the ::?::::

in north=

northern hemisphere, the land and water are nearly equally em and

divided. In the southern, there is several times more mem

water than land. All the great rivers in the world are ™™
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cnarrss in the northern hemisphere, where there is less ocean to
bl supply them. "Whence, then, are their sources replenished?
oY Those of the Amazon are supplied with rains from the
equatorial calms and trade-winds of the Atlantic. That

river runs east, its branches come from the north and south ;

it is always the rainy season on one side or the other of it;
consequently, it is a river without periodic stages of a

very marked character, It is always mnear its high-water

mark. For one half of the year its northern tributaries

are flooded, and its southern for the other half It dis-
charges under the line, and as its tributaries come from

both hemispheres, it cannot be said to belong exclusively

to either. It is supplied with water made of vapour

that is taken up from the Atlantic Ocean. Taking the

m‘; Amazon, therefore, out of the count, the Rio de la Plata
owty gt is the only great river of the southern hemisphere. There is

swohern 0o large river in New Holland. The South Sea Islands
:;r,:.'& give rise to none, nor is there one in South Africa entitled
to be called great that we know of.

§170 The great rivers of North America and North Africa,
and all the rivers of Europe and Asia, lie wholly within
the northern hemisphere. How is it, then, considering
that the evaporating surface lies mainly in the southern
hemisphere—how is it, T say, that we should have the
evaporation to take place in one hemisphere and the con-

creater  densation in the other? The total amount of rain which

::::“l::l:r falls in the northern hemisphere is much greater, meteorol-

. ogists tell us, than that which falls in the southern. The

e aun gnnual amount of rain in the north temperate zome is
half as much again as that of the south temperate.

3171 Howisit, then, that this vapour gets, as stated; from the

' £ 170,
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gouthern into the northern hemisphere, and comes with cuirren
such regularity that our rivers mever go dry and our -
springs fail not ? It is because of the beautiful operations

and the exquisite compensation of this grand machine,

the atmosphere. It is exquisitely and wonderfully coun-
terpoised. Late in the antumn of the north, throughout mow tne
its winter, and in early spring, the sun is pouring his rays mue
with the greatest intensity down upon the seas of the Jiiic,.

ern rivers

southern hemisphere, and this powerful engine which we ;5. e
are contemplating is pumping up the water there' for our o™
rivers with the greatest activity. At this time, the mean
temperature of the entire southern hemisphere is said to

be about 10° higher than the northern.

The heat which this heavy evaporation absorbs becomes § 172
latent, and, with the moisture, is carried through the
upper regions of the atmosphere until it reaches our climates.

Here the vapour is formed into clouds, condensed, and
precipitated. The heat which held this water in the
st.a.tte of vapour is set free, it becomes sensible heat, and

it is that which contributes so much to temper our winter
elimate. It clouds up in winter, turns warm, and we say

we are going to have falling weather. That is because i b
the process of condensation has already commenced, tion
though no rain or snow may have fallen: thus we feel
this southern heat that has been collected from the rays

of the sun by the sea, been bottled away by the winds

m the clonds of a southern summer, and set free in the
process of condensation in our northern winter.

If Plate I fairly represent the course of the winds, § 173

the south-east trade-winds would enter the northern hemi- oo

sphere, and, as an upper current, bear into it all their jocen
tnre into
L4 N

spliere
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moisture, except that which is precipitated in the region of
equatorial calms. '

The South Seas, then,' should supply mainly the water
for this engine, while the northern hemisphere condenses
it ; we should, therefore, have more rain in the northern
hemisphere. The rivers tell us that we have—at least
on the land: for the great water-courses of the globe, and
half the fresh water in the world, are found on our side
of the equator. *~ This fact alone is strongly corroborative
of this hypothesis.

The rain gauge tells us also the same story. The
yearly average of rain in the north temperate zone is, -
according to Johnston, thirty-seven inches. He gives
but twenty-six in the south temperate. The observations
of mariners are also corroborative of the same. Log-
books, containing altogether the records for upward of
260,000 days in the Atlantic Ocean north and south;
have been carefully examined for the purpose of ascer-
taining, for comparison, the number of calms, rains, and
gales, therein recorded for each hemisphere. Propor-
tionally the number of each is given as decidedly greater
for the north than it is for the south. The result of this
examination is very instructive, for it shows the status
of the atmosphere to be much more unstable in the
northern hemisphere, with its excess of land, than in the
southern, with its excess of water. Rains, and fogs, and
thunder, and calms, and storms, all occur much more
frequently, and are more irregular also as to the time
and place of their occurrence on this side, than they are
on the other side of the equator.

Moisture is never extracted from the air by subjecting

1 Aceording to § 168. % Plate XII1.
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it from a low to a higher temperature, but the reverse, cnarren

Thus all the air which comes loaded with moisture from -

the other hemisphere, and is borne into this With the nereres-
south-east trade-winds, travels in the upper regions of the ety
atmosphere' until it reaches the calms of Cancer; here it o e S0

becomes the surface wind that prevails from the south- jn 5"
ward and westward. As it goes north it grows cooler, "™
and the process of condensation commences.

We may ‘now liken it to the wet sponge, and the g 177
decrease of temperature to the hand that squeezes that
sponge. Finally reaching the cold latitudes, all the mois-
ture that a dew-point of zero, and even far below, can
extract, is wrung from it ; and this air then commences
“ to return according to his circuits” as dry atmosphere.

And here we can quote Scripture again: “ The north tmportans
wind driveth away rain.” This is a meteorological fact logies fac
of high authority and great importance in the study of

the circulation of the atmosphere,

By reasoning in this manner and from such facts, we g 178
are led to the conclusion that our rivers are supplied with conctusion
their waters principally from the trade-wind regions, the T
extra-tropical northern rivers from the southern trades,
and the exgra-tropical southern rivers from the north-
ern trade-winds, for the trade-winds are the evaporating
winds.

Taking for our guide such faint glimmerings of light g 179
as we can catch from these facts, and supposing these sates

porticn of

views to be correct, then the saltest portion of the sea mesa
frund In

should be in the trade-wind regions, where the water for trudewins

all the rivers is evaporated ; and there the saltest portions ——

are found. There, too, the rains fall less frequently.’

1 £130. * Plate X1IL.
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e Dr. Ruschenberger, of the navy, on uis last voyage to

—— India, was kind enough to conduct a series of observa-
D,_gniE,E tions on the specific gravity of sea water. In about the
cnvergers parallel of 17° north and south—midway of the trade-
e wind regions—he found the heaviest water. Though so
gravity of ywarm, the water there was heavier than the cold water

s to the south of the Cape of Good Hope. Lieutenant D.
D. Porter, in the steam-ship Golden Age, found the
heaviest water about the parallels of 20° north and 17°
south.

§181 In summing up the evidence in favour of this view of

Howitla the general system of atmospherical cireulation, it remains

are small. t0 be shown how it is, if the view be correct, there should

wniles be smaller rivers and less rain in the southern hemisphere,

wtnen  The winds that are to blow as the north-east trade-winds,

:IpTelr_e- returning from the polar regions, where the moisture has
been compressed out of them, remain, as we have seen,
dry winds until they cross the calm zone of Cancer, and
are felt on the surface as the north-east trades. About
two-thirds of them only can then blow over the ocean
the rest blow over the land—over Asia, Africa, and North
America, where there is but comparatively a small portion
of evaporating surface exposed to their action.

§182 The zone of the north-east trades extends, on an aver-
Zomeof  age, from about 29° north to 7° north. Now, if we
tradewind examine the globe, to see how much of this zone is land

and how much water, we shall find, commencing with
China and coming over Asia, the broad part of Africa,
and so on, across the continent of America to the Pacific,
land encugh to fill up, as nearly as may be, just one third

of it.  This land, if thrown into one body between these

1§176.
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parallels, would make a belt equal to 120° of lougitude cwATER
by 22° of latitude, and comprise an area of about twelve ——
and a half millions of square miles, thus leaving an eva-
porating surface of about twenty-five millions of square
miles in the northern against about seventy-five millions in

the southern hemisphere.

According to the hypothesis, illustrated by Plate I, 5183
as to the circulation of the atmosphere, it is these north-
east trade-winds that take up and earry over, after they
rise up in the belt of equatorial calms, the vapours which
make the rains that feed the rivers in the extra-tropical
regions of the southern hemisphere.

Upon this supposition, then, two-thirds only of the § 184
north-east trade-winds are fully charged with meoisture, 3::::;“}
and only two-thirds of the amount of rain that falls in the enargea
northern hemisphere should fall in the southern, and this :{.':: e
is just about the proportion’that observation gives.

In like manner, the south-east trade-winds take up the g 185
vapours which make our rivers, and as they prevail to a souh.east
much greater extent at sea, and have exposed to their wiols g
action about three times as muech ocean as the north-east ;".,1.‘:;:
trade-winds have, we might expect, according to this o ™
hypothesis, more rains in the northern—and consequently
more and larger rivers—than in the southern hemisphere.

That part of the ocean over which the south-east trades
prevail is very much larger than that portion where the
north-east trades blow.

This estimate as to the quantity of rain in the two g 154
hemispheres is one which is not capable of verification by pimeury
any more than the rudest approximations; for the greater b
extent of south-east trades on one side, and of high moun- m:;":

two hemil-
spheres

1 §irx
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tains on the other, must each of necessity, and indepen-
dent of other agents, have their effects. Nevertheless,
this estimate gives as close an approximation as we can
make out from our data.

The rainy seasons, how caused.—The calm and trade-
wind regions or belts move up and down the earth
annually, in latitude nearly a thousand miles, In July
and August, the zone of equatorial calms is found between
7° north and 12° north, sometimes higher ; in March and
April, between latitude 5° south and 2° north.

With this fact, and these points of view before us, it is
easy to perceive why it is that we have a rainy season in
Oregon, a rainy and dry season in California, another at
Panama, two at Bogota, none in Pern, and one in Chili

In Oregon it rains every month, but about five times
more in the winter than in the summer months.

The winter there is the summer of the southern hemi-
sphere, when this steam-engine'is working with the great-
est pressure. The vapour that is taken up by the south-
east trades is borne along over the region of north-east
trades to latitude 35° or 40° north, where it descends and
appears on the surface with the south-west winds of those
latitudes. Driving upon the highlands of the continent,
this vapour is condensed and precipitated, during this
part of the year, almost in constant showers, and to the
depth of about thirty inches in three months.

In the winter, the calm belt of Cancer approaches the
equator, This whole system of zones, namely, of trades,
calms, and westerly winds, follows the sun; and they of
our hemisphere are nearer the equator in the winter and
spring months than at any other season.

15168,
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The south-west winds commence at this season to pre-
vail as far down as the lower part of California. In
winter and spring, the land in California is eocoler than
the sea air, and is quite cold enough to extract moisture
from it. But in summer and autumn the land is the
warmer, and cannot condense the vapours of water held
by the air. So the same cause which made it rain in
Oregon now makes it rain in California. As the sun
returns to the north, he brings the calm belt of Cancer
and the north-east trades along with him; and now, at
places where, six months before, the south-west winds
were the prevailing winds, the north-east trades are
found to blow. This is the case in the latitude of Cali-
fornia. The prevailing winds, then, instead of going
from a warmer to a cooler climate, as before, are going
the opposite way. Consequently, if, under these circum-
stances, they have the moisture in them to make rains of]
they cannot precipitate it.

Proof, if proof were wanting, that the prevailing winds
in the latitude of California are from the westward, is
obvious to all who cross the Rocky Mountains or ascend
the Sierra Madre. In the pass south of the Great Salt
Lake basin those west winds have worn away the hills
and polished the rock by their ceaseless abrasion and the
scouring effects of the driving sand. Those who have
crossed this pass are astonished at the force of the wind
and the marks there exhibited of its GEOLOGICAL AGENCIES,

Panama is in the region of equatorial calms. This belt
of calms travels during the year, back and forth, over
about 17° of latitude, coming farther north in the summer,
where it tarries for several months, and then returning
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emarree SO a8 to reach its extreme southern latitude some time in

I March or April. Where these calms are it is always

raining, and the chart® shuw_s that they hang over the

latitude of Panama from June to November, consequently

miny  from June to November is the rainy season at Panama.

emma The rest of the year that place is in the region of the

north-east trades, which, before they arrive there, have

to cross the mountains of the isthmus, on the cool tops of

which they deposit their moisture, and leave Panama

rainless and pleasant until the sun returns north with

the belt of equatorial calms after him. They then push

the belt of north-east trades farther to the north, occupy

a part of the winter zone, and refresh that part of the

sove-  earth with summer rains. This belt of calms moves over

the veit of more than double of its breadth, and nearly the entire

™% motion from south to morth is accomplished generally in

two months, May and June. Take the parallel of 4°

north as an illustration: during these two months the

entire belt of calms crosses this parallel, and then leaves

it in the region of the south-east trades. During these

two months it was pouring down rain on that parallel

After the calm belt passes it, the rains cease, and the

people in that latitude have no more wet weather till the

fall, when the belt of calms recrosses this parallel on

its way to the south. By examining the * Trade-wind

Chart,” it may be seen what the latitudes are that have

two rainy seasons, and that Bogoti is within the bi-rainy
latitudes. .

§194  The Rainless Regions.—The coast of Peru is within

m the region of perpetual south-east trade-winds. Though

* Vide Trade-wind Chart (Maury's Wind and Current).
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the Peruvian shores are on the verge of the great South caarrsn
Sea boiler, yet it never rains there. The reason is =
plain.

The south-east trade-winds in the Atlantic Ocean first § 195
strike the water on the coast of Africa. Travelling t’”f:’,;‘f_*‘“
the north-west, they blow obliquely across the ocean wisds
until they reach the coast of Brazil. By this time they
are heavily laden with vapour, which they continue to
bear along across the continent, depositing it as they go,
and supplying with it the sources of the Rio de la Plata
and the southern tributaries of the Amazon. Finally,
they reach the snow-capped Andes, and here is wrung
from them the last particle of moisture that that very
low temperature can extract.

Reaching the summit of that range, they now tumble perurian
down as cool and dry winds on the Pacific slopes beyond. -
Meeting with no evaporating surface, and with no tem- ::::u“
perature colder than that to which they were subjected S—
on the mountain-tops, they reach the ocean before they
again become charged with fresh vapour, and before,
therefore, they have any which the Peruvian climate can
extract, The last they had to spare was deposited as
snow on the tops of the Cordilleras, fo feed mountain
streams under the heat of the sun, and irrigate the val-
leys on the western slopes. Thus we see how the top of
the Andes becomes the reservoir from which are supplied
the rivers of Chili and Peru

The other rainless or almost rainless regions are the § 196
western coasts of Mexico, the deserts of Africa, Asm,zl;;“
North America, and Australia. regions,

‘We have a rainless region about the Red Sea, because § 197
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the Red Sea, for the most part, lies within the north-east
trade-wind region, and these winds, when they reach that
region, are dry winds, for they have as yet, in their
course, crossed no wide sheets of water from which they
could take up a supply of vapour.

Most of New Holland lies within the south-east tride-
wind region ; so does most of inter-tropical South Ame-
rica. But inter-tropical South America is the land of
showers. The largest rivers, and most copiously watered
country in the world are to be found there, whereas
almost exactly the reverse is the case in Australia,
Whenece this difference? Examine the direction of the
winds with regard to the shore-line of these two regions,
and the explanation will at once be suggested. In Aus-
tralia—east coast—the shore-line is stretched out in the
direction of the trades; in South America—east coast—
it is perpendicular to their direction. In Australia, they
fringe this shore only with their vapour, and so stint
that thirsty land with showers that the trees cannot
afford to spread their leaves out to the sun, for it evapo-
rates all the moisture from them ; their instincts, there-
fore, teach them to turn their edges to his rays. In
inter-tropical South America, the trade-winds blow per-
pendicularly upon the shore, penetrating the very heart
of the country with their moisture. Here the leaves,
measuring many feet square—as the plantain, &e.—turn
their broad sides up to the sun, and court his rays

Why there is more rain on one side of @ mountain than
on the other.

We may now, from what has been said, see why the
Andes, and all other mountains which lie athwart the
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couise of the winds, have a dry and a rainy side, and cuarrea
how the prevailing winds of the latitude determine which ——
is the rainy and which the dry side.

Thus, let us take the southern coast of Chili for illus-
tration. In our summer time, when the sun comes north, resson
and drags after him his belts of perpetual winds and ety
calms, that coast is left within the regions of the north- mtil:n
west winds—the winds that are counter to the south- '™
east trades—which, cooled by the winter temperature of
the highlands of Chili, deposit their moisture copiously.
During the rest of the year, the most of Chili is in the
region of the south-east trades, and the same causes
which operate in California to prevent rain there, operate
in Chili; only the dry season in one place is the rainy
season of the other,

Hence we see that the weather side of all such moun-
tains as the Andes is the wet side, and the lee side the
dry.

The same phenomenon, from a like cause, is repeated § 200
in inter-tropical India, only in that country each side of
the mountain is made alternately the wet and the dry
side by a change in the prevailing direction of the wind.

India is in one of the monsoon regions:' it is the most T me
famous of them all. From October to April the north- s
east trades prevail They evaporate from the Bay of "
Bengal water enough to feed with rains, during this sea-
son, the western shores of this bay and the Ghauts range
of mountains. This range holds the relation to these
winds that the Andes of Peru' hold to the south-east
trades ; it first cools and then relieves them of their
moisture, and they tumble down on the western slopes

1 Plate VIII. T 5194,
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of the Ghauts, Peruvian-like,' cool, rainless, and dry;
wherefore that narrow strip of country between the
Ghauts and the Arabian Sea would, like that in Peru
between the Andes and the Pacific, remain without rain
for ever, were it not for other agents which are at work
about India, and not about Peru. The work of the
agents to which I allude is felt in the monsoons, and
these prevail in India, and not in Peru.

After the north-east trades have blown out their sea-
son, which in India ends in April,” the great arid plains
of Central Asia, of Tartary, Thibet, and Mongolia, become
heated up ; they rarefy the air of the north-east trades,
and cause it to ascend. This rarefaction and ascent, by
their demand for an indraught, ave felt by the air which
the south-east trade-winds bring to the equatorial Dol-
drums of the Indian Ocean; it rushes over into the
northern hemisphere to supply the upward draught from
the heated plains as the south-west monsoons. The
furces of diurnal rotation assist’ to give these winds their
westing. Thus the south-east trades, in certain parts
of the Indian Ocean, are converted, during the summer

partsofthe and early autumn, into south-west monsoons.  These,

Indian
Ocean

then, come from the Indian Ocean and Sea of Arabia

south-west l0aded with moisture, and striking with it perpendicu-

M ONSE 0L

larly upon the Ghauts, precipitate upon that narrow strip
of land between this range and the Arabian Sea an
amount of water that is truly astonishing. Here, then,
are not only the conditions for causing more rain, now on
the west, now on the east side of this mountain range,
but the conditions also for the most copious precipitation.
Accordingly, when we come to consult rain gauges, and

1§100. ® §200. 2§44,
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to ask meteorological observers in India about the fall of crapren

rain, they tell us that on the western slopes of the Ghauts ——
it sometimes reaches the emormous depth of twelve or m::‘
fifteen inches in one day.* Were the Andes stretched maca
along the eastern instead of the western coast of America,

we should have an amount of precipitation on their east-

ern slopes that would be truly astonishing ; for the water

which the Amazon and the other majestic streams of

South America return to the ocean would still be preci-
pitated between the sea-shore and the crest of these
mountains.

These winds of India then continue their course to the § 202
Himalaya range as dry winds. In crossing this range, Dr winds
they are subjected to a lower temperature than that to Himalsyss
which they were exposed in crossing the Ghauts. Here
they drop more of their moisture in the shape of smow
and rain, and then pass over into the thirsty lands beyond
with scarcely enough vapour in them to make even a
cloud. Thence they ascend into the upper air, there to
become counter-currents in the general system of atmos-
pherical cireulation,

The Regions of Greatest Precipitation.— We shall § 208
now be enabled to determine, if the views which I have e
been . endeavouring to present be correct, what parts of s
the earth are subject to the greatest fall of rain. They ton
should be on the slopes of those mountains which the
trade-winds first strike, after having blown across 1he
greatest tract of ocean. The more abrupt the elevation,

‘and the shorter the distance between the mountain top
and the ocean, the greater the amount of precipitation.

* Keith Johnston.
1 §1089.
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If, therefore, we commence at the parallel of about 80°
north in the Pacific, where the north-east trade-winds
first strike that ocean, and trace them through their cir-
cuits till they first strike high land, we ought to find
such a place of heavy rains.

Commencing at this parallel of 30° therefore, in the
North Pacific, and tracing thence the course of the north-
east trade-winds, we shall find that they blow thence,
and reach the region of equatorial calms near the Caro-
line Islands, Here they rise up; but, instead of pursu-
ing the same course in the upper stratum of winds
through the southern hemisphere, they, in consequence of
the rotation of the earth’ are made to take a south-east
course, They keep in this upper stratum until they
reach the calms of Capricorn, between the parallels of
30° and 40°, after which they become the prevailing
north-west winds of the southern hemisphere, which cor-
respond to the south-west of the northern. Continuing
on to the south-east, they are now the surface winds;
they are going from warmer to cooler latitudes; they
become as the wet sponge; and are abruptly intercepted
by the Andes of Patagonia, whose cold summit com-
presses them, and with its low dew-point squeezes the
water out of them. Captain King found the astonishing
fall of water here of nearly thirteen feet {(one hundred
and fifty-one inches) in forty-one days; and Mr. Darwin
reports that the sea-water along this part of the South
American coast is sometimes quite fresh, from the vast
guantity of rain that falls, _

‘We ought to expect a corresponding rainy region to
be found to the north of Oregon; but there the moun-

1 £126. 8177,
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tains are not so high, the obstruction to the south-west omarren
winds is not so abrupt, the highlands are farther from e
the coast, and the air which these winds carry in their greater
circulation to that part of the coast, though it be as Oregen
heavily charged with moisture as at Patagonia, has a
greater extent of country over which to deposit its rain,

and consequently, the fall to the square inch will not be

as great.*

In like manner, we should be enabled to say in what § 206
part of the world the most equable climates are to be mos
found. They are to be found in the equatorial calms, —
where the north-east and south-east trades meet fresh
from the ocean, and keep the temperature uniform under
a canopy of perpetual clouds.

Amount of Evaporation.—The mean annual fall of § 207
rain on the entire surface of the earth is estimated at
about five feet.

To evaporate water enough annually from the ocean § 208
to cover the earth, on the average, five feet deep with Erapors-
rain ; to transport it from one zone to another; and to
precipitate it in the right places, at suitable times, and in
the proportions due, is one of the offices of the grand
atmospherical machine. This water is evaporated princi-
pally from the torrid zone. Supposing it all to come
thence, we shall have, encircling the earth, a belt of
ocean three thousand miles in breadth, from which this
atmosphere evaporates a layer of water anually sixteen

* I have, through the kindness of A. Holbrook, Esq., United States Attorney
for Oregon, roceived the Oregon Spectator of February 13, 1851, containing the
Rev. &. H. Atkinson's Meteorological Journal, kept in Oregon city during the
month of January 1851, The quantity of rain and snow for that month is 13.63
inches, or about one third the average quantity that falls at Washington during
the year.
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wirre feet in depth. And to hoist up as high as the clouds, and

e lower down again all the water in a lake sixteen feet deep,

machinery and three thousand miles broad, and twenty-four thou-

mosphere. 8and long, is the yearly business of this invisible ma-
chinery. What a powerful engine is the atmosphere!
and how nicely adjusted must be all the cogs, and wheels,
and springs, and compensations of this exquisite piece of
machinery, that it never wears out nor breaks down, nor
fails to do its work at the right time, and in the right
way |

§209 In his annual report to the Society (Transactions of the
s i Bombay Geographical Society from May, 1849, to
g August, 1850, vol. ix), Dr. Buist, the secretary, states,

on the authority of Mr. Laidly, the evaporation at Cal-
cutta to be “about fifteen feet annually; that between the
Cape and Calcutta it averages, in October and November,
nearly three-fourths of an inch daily; between 10° and
20° in the Bay of Bengal, it was found to exceed an inch
daily. Supposing this to be double the average through-
out the year, we should,” continues the doctor, “have
eighteen feet of evaporation annually.”

§210 If in considering the direct observations upon the
vapere- daily rate of evaporation in India, it be remembered that
frowe the seasons there are divided into wet and dry; that in

the dry season, evaporation in the Indian Ocean, because
of its high temperature, and also of the high temperature
and dry state of the wind, probably goes on as rapidly as
it does any where else in the world ; if, moreover, we re-
pwimate member that the regular trade-wind regions proper at
windsur- gen are regions of small precipitation ;' that evaporation
is going on from them all the year round, we shall have

L R ER
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reason to consider the estimate of sixteen feet annually cmarree

for the trade-wind surface of the ocean not too high. hours
We see the light beginning to break upon us, for we § 211

" now begin to perceive why it is that the proportions be- Wny the

tween the land and water were made as we find them in E&Jﬂi

nature. If there had been more water and less land, we water ars
should have had more rain, and vice versa ; and then -
climates would have been different from what they now

are, and the inhabitants, animal or vegetable, would

not have been as they are. And as they are, that wise

Being who, in his kind providence, so watches over and
regards the things of this world that he takes notice of

the sparrow’s fall, and numbers the very hairs of our

head, doubtless designed them to be.

The mind is delighted, and the imagination charmed, § 212
by contemplating the physical arrangements of the earth wane o
from such points of view as this is which we now have s
before us; from it the sea, and the air, and the land, theearn.
appear each as a part of that grand machinery upon
which the well-being of all the inhabitants of earth, sea,
and air depends ; and which, in the beautiful adaptations
that we are pointing out, affords new and striking evi-
dence that they all have their origin in ONE omniscient
idea, just as the different parts of a watch may be consi-
dered to have been constructed and arranged according
to one human design.

In some parts of the earth, the precipitation is greater § 213
than the evaporation; thus the amount of water borne precipits-

down by every river that runs into the sea may be con- ene S

sidered as the excess of the precipitation over the evapo- i

ration that takes place in the valley drained by that river. P>




102 THE PHYSICAL GEOGRAPHY OF THE SEA.

emeres  This excess comes from the sea; the winds convey it
™ to the interior ; and the forces of gravity, dashing it along

3214 ;) mountain torrents or gentle streams, hurry it back to
the sea again.

§215 In other parts of the earth, the evaporation and preci-
mw pitation are exactly equal, as in those inland basins such
exactly  as that in which the city of Mexico, Lake Titicaca, the
™% Caspian Sea, &e, are situated, which basins have no ocean

drainage,

§216 If more rain fell in the valley of the Caspian Sea than
o is evaporated from it, that sea would finally get full and
Sen. overflow the whole of that great basin. If less fell than

is evaporated from it again, then that sea, in the course
of time, would dry up, and plants and animals there
would all perish for the want of water.

§217 In the sheets of water which we find distributed over
that and every other inhabitable inland basin, we see
reservoirs, or evaporating surfaces, just sufficient for the
supply of that degree of moisture which is best adapted
to the well-being of the plants and animals that people
such basins.

§218  In other parts of the earth still, we find places, as the
mimmers. Desert of Sahara, in which neither evaporation nor pre-
e cipitation takes place, and in which we find neither plant
Tikeayiace DOT animal

§219  ADAPTATIONS.—In contemplating the system of terres-
To trial adaptations, these researches teach one to regard the
tons  mountain ranges and the great deserts of the earth as the

astronomer does the counterpoises to his telescope—though
they be mere dead weights, they are, nevertheless, neces-
sary to make the balance complete, the adjustments of
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his machine perfect. These counterpoises give ease to cmarmsn
the motions, stability to the performance, and accuracy =
to the workings of the instrument. They are “ compen-
sations.”

Whenever I turn to contemplate the works of nature, g 22
I am struck with the admirable system of compensation, sysem or
with the beauty and nicety with which every department s
is poised by the others; things and principles are meted
out in directions apparently the most opposite, but in
proportions so exactly balanced and nicely adjusted that
results the most harmonious are produced.

It is by the action of opposite and compensating forces § 221
that the earth is kept in its orbit, and the stars are held 1’! 1“1'-
suspended in the azure vault of heaven ; and these forces ::w‘lniu
are so exquisitely adjusted, that, at the end of a thousand
years, the earth, the sun, and moon, and every star in
the firmament, is found to come and stand in its proper
place at the proper moment.

Nay, philosophy teaches us that when the little snow- § 222
drop, which in our garden-walks we see raising its beau- e i
tiful head at “the singing of blrcla, to remind us that teachesvy
“the winter is passed and gone,” was created, the whole amm'-
mass of the earth, from pole to pole, and from circum-
ference to centre, must have been taken into account and
weighed, in order that the proper degree of stremgth
might be given to its tiny fibres.

Botanists tell us that the constitution of this plant is § 223
such as to require that, at a certain stage of its growth,
the stalk should bend, and the flower should bow its
head, that an operation may take place which is necessary
in order that the herb should produce seed after its kind ;
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caapren and that, after this fecundation, its vegetable health re-

2= quires that it should lift its head again and stand erect.
{w Now, if the mass of the earth had been greater or less,
the force of gravity would have been different; in that
case, the strength of fibre in the snow-drop, as it is, would
have been too much or too little; the plant could not
bow or raise its head at the right time, fecundation could
not take place, and its family would have become extinct
with the first individual that was planted, because its
“geed” would not have been “in itself,” and therefore it
could not have reproduced itself, and its creation would
have been a failure.
§224 Now, if we see such perfect adaptation, such exquisite
Perfect  adjustment, in the case of one of the smallest flowers of
the field, how much more may we not expect “compen-
sation ” in the atmosphere and the ocean, upon the right
adjustment and due performance of which depends not
only the life of that plant, but the well-being of every in-
dividual that is found in the entire vegetable and animal
kingdoms of the world?
§225 When the east winds blow along the Atlantic coast for
Ecnof 2 little while, they bring us air saturated with moisture
from the Gulf Stream, and we complain of the sultry, op-
pressive, heavy atmosphere ; the invalid grows worse, and
the well man feels ill, because, when he takes this atmo-
sphere into his lungs, it is already so charged with mois-
ture that it cannot take up and carry off that which
encumbers his lungs, and which nature has caused his
blood to bring and leave there, that respiration may take
up and carry off. At other times the air is dry and hot ;
he feels that it is conveying off matter from the lungs
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too fast ; he realizes the idea that it is consuming him, cmaeres
and he calls the sensation burning. =
Therefore, in considering the general laws which govern § 226

the physical agents of the universe, and regulate them in Amecsy-
the due performance of their offices, I have felt myself
constrained to set out with the assumption that, if the
atmosphere had had a greater or less capacity for mois-

ture, or if the proportion of land and water had been
different—if the earth, air, and water had not been in
exact counterpoise—the whole arrangement of the animal

and vegetable kingdoms would have varied from their
present state. But God, for reasons which man may
never know, chose to make those kingdoms what they
are ; for this purpose it was necessary, in his judgment,

to establish the proportions between the land and water

and the desert just as they are, and to make the capacity

of the air to circulate heat and moisture just what it is,

and to have it to do all its work in obedience to law and

in subservience to order. If it were not so, why was
power given to the winds to lift up and transport mois-
ture, and to feed the plants with nourishment? or why

was the property given to the sea by which its waters
may become first vapour, and then fruitful showers or
gentle dews? If the proportions and properties of land,

sea, and air were not adjusted according to the reciprocal
capacities of all to perform the functions required by each,

why should we be told that HE “ measured the waters in

the hollow of his hand, and comprehended the dust in a
measure, and weighed the mountains in scales, and the
hills in a balance ?” Why did he span the heavens, but

that he might mete out the atmosphere in exact propor-
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crarren tion to all the rest, and impart to it those properties and’

i powers which it was necessary for it to have, in order

that it might perform all those offices and duties for
which he designed it ?

§ 227 Harmonious in their action, the air and sea are obe-
5;'5’2?"1"':., dient to law and subject to order in all their movements;
e st when we consult them in the performance of their mani-

' fold and marvellous offices, they teach us lessons concern-

ing the wonders of the deep, the mysteries of the sky,
the greatness, and the wisdom, and goodness of the Crea-
tor, which make us wiser and better men. The investi-
gations into the broad-spreading circle of phenomena
connected with the winds of heaven and the waves of
the sea are second to none for the good which they do
and the lessons which they teach. The astronomer is
said to see the hand of God in the sky ; but does not the
right-minded mariner, who looks aloft as he ponders over
these things, hear his voice in every wave of the sea that
“claps its hands,” and feel his presence in every breeze
that blows?
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CHAPTER 1V,

LAND AND SEA BREEZES,

Lieutenant Jansen, § 223. —His Contributions, 220.—The Sea-breeze, 230.—An

Tllustration, 231.—The Land-breeze, 232, —Jansen’s Account of the Land and

Bea Breeze in the East Indies, 234.—A Morning Scene, 235, —The Calm, 237.

The Inhabitants of the Bea going to Work, 230, — Noon, 240,—The Sea-hreeze

dies, 245.—The Land-breeze, 247.—A Discussion, 248, —Why Land and Sea

Breezes are not of equal Freshness on the Sea-shore of all Countries, 252, —

The Sea-breeze at Valparaiso, 255.—The Night, 258.—A Contrast, 263,
I HAVE been assisted in my investigations into these omirren
phenomena of the sea by many thinking minds; among =
those whose debtor I am, stands first and foremost the a8
clear head and warm heart of a foreign officer, Lieutenant Lienten-
Marin Jansen, of the Dutch navy, whom I am proud B
to call my friend. He is an ornament to his profession ;
and a more accomplished officer it has never been my
good fortune to meet in any service. He has entered
this magnificent field of research con amore, and has
proved to be a most zealous and efficient fellow-labourer.
Promotion in the Dutch navy unfortunately goes by
seniority ; if it went by merit, I should I am sure, have
the pleasure of writing of him as admiral

Jansen has served many years in the East Indies. He § 229
observed minutely and well. He has enriched my humble Rlssontrt
contributions to the “Physical Geography of the Sea”
with contributions from the storehouse of his knowledge,
set off and presented in many fine pictures, and has
appended them to a translation of the first edition of
this work into the Duteh language. He has added a
chapter on the land and sea breezes; another on the
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changing of the monsoons in the East Indian Archi-
pelago: he has also extended his remarks to the north-
west monsoon, to hurricanes, the south-east trades of the
South Atlantie, and to winds and eurrents generally,

In many parts of the world the oppressive heat of
summer is modified, and the climate of the sea-shore is
made refreshing and healthful, by the alternation of winds
which come from the sea by day and from the land by night.
About ten in the morning the heat of the sun has played
upon the land with sufficient intensity to raise its tem-
perature above that of the water. A portion of this heat,
being imparted to the superincumbent air, causes it to
vise, when the air, first from the beach, then from the
sea, to the distance of several miles, begins to flow in
with a most delightful and invigorating freshness,

When a fire is kindled on the hearth, we may, if we
will observe the motes floating in the room, see that
those nearest to the chimney are the first to feel the
draught and to obey it—they are drawn into the blaze.
The circle of inflowing air is gradually enlarged, until it
is scarcely perceived in the remote parts of the room.
Now the land is the hearth, the rays of the sun the fire,
and the sea, with its cool and calm air, the room; and
thus we have at our firesides the sea-breeze in miniature.

When the sun goes down the fire ceases; then the dry
land commences to give off its surplus heat by radiation,
so that by nine or ten o’clock it and the air above it are
cooled below the sea temperature. The atmosphere om
the land thus becomes heavier than that on the sea, and,
consequently, there is a wind seaward which we call the
land-breeze,
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Jansen thus describes this phenomenon in the East casrres
Indies, where one must live fully to appreciate its benign -
influences. 233

JANSEN'S ACCOUNT.*—* A long residence in the East § 234
Indian Archipelago, and, consequently, in that part of the Juses
world where the investigations of the Observatory ab tions
Washington have not extended, has given me the oppor-
tunity of studying the phenomena which there occur in
the atmosphere, and to these phenomena my attention
was, in the first place, directed. I was involuntarily led
from one research to another, and it is the result of these
investigations to which I would modestly give a place at
the conclusion of Maury’s * Physical Geography of the Sea,’
with the hope that these first-fruits of the log-books of
the Netherlands may be speedily followed by more and
better.

“ Upon the northern coast of Java, the phenomenon of § 235
daily land and sea breezes is finely developed. There, as Last |
the gorgeous ‘ eye of day’ rises almost perpendicularly g
from the sea with fiery ardour, in a cloudless sky, it is ern coust
greeted by the volcanoes with a column of white smoke,
which, ascending from the conical summits high in the
firmament above, forms a crown, or assumes the shape
of an immense bouquet,} that they seem to offer to the
dawn; then the joyful land-breeze plays over the flood, Tand.
which, in the torrid zone, furnishes, with its fresh breath
so much enjoyment to the inhabitants of that sultry belt

* Jansen's Appendix to the * Physical Geography of the Sea,” translated from
the Datch by Mrs. Dr. Breed, Washington,

+ Upon the coast of Java I saw daily, during the east monsoon, such a column
of smoke ascending at sunrise from Bromo, Lamongan, and Smiro. Probably
there is then no wind above.—JAxsEN,
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of earth, for, by means of it, everything is refreshed and
beautified. =~ Then, under the influence of the glorious
accompaniments of the break of day, the silence of the
night is awakened, and we hear commencing everywhere
the morning hymn of mute nature, whose gesticulation is
so expressive and sublime.  All that lives feels the neces-
gity of pouring forth, each in its way, and in various .
tones and accents, from the depths of inspiration, a song
of praise,

“ The air, still filled with the freshness of the evening
dew, bears aloft the enraptured song, as, mingled with
the jubilee tones which the contemplation of nature
everywhere forces from the soul, it gushes forth in deep
earnestness to convey the daily thank-offering over the
sea, over hill and dale®

“As the sun ascends the sky, the azure vault is bathed
in dazzling light; now the land-breeze, wearied with play,
goes to rest. Here and there it still plays over the
water, as if it could not sleep; but finally becoming
exhausted, it sinks to repose in the stillness of the calm. -
But not so with the atmosphere : it sparkles, and glitters,
and twinkles, becoming clear under the increasing heat,
while the gentle swelling of the now polished waves,
reflects, like a thousand mirrors, the rays of light which
dance and leap to the tremulous but vertical movements
of the atmosphere,

“ Like pleasant visions of the night, that pass before
the mind in sleep, so do sweet phantoms hover about the
land-breeze as it slumbers upon the sea. The shore seems

* In the very fine mist of the morning, a noise—for example, the firing of
eannon—at & short distance is searcely heard, whils at mid-day, with the sea-
breeze, it penetrates for miles with great distinctness.-——Jaxszx,
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to approach and to display all its charms to the mariner cnarren
in the offing. All objects become distinet and more sl
clearly delineated,” while, upon the sea, small fishing- s
boats loom up like large vessels. The seaman, drifting
along the coast, and misled by the increasing clearness

and mirage, believes that he has been driven by a current
toward the land; he casts the lead, and looks anxiously

out for the sea-breeze, in order to escape from what he
believes to be threatening danger.t The planks burn
under his feet; in vain he spreads the awning to shelter
himself from the broiling sun. Its rays are oppressive;
repose does not refresh; motion is not agreeable.

“The inhabitants of the deep, awakened by the clear § 239
light of day, prepare themselves for labour. Corals, and
thousands of erustacea, await, perhaps impatiently, the
coming of the sea-breeze, which shall cause evaporation
to take place more rapidly, and thus provide them with a
bountiful store of building material for their picturesque
and artfully constructed dwellings: these they know how
to paint and to polish in the depths of the sea ore
beautifully than can be accomplished by any human art.

Like them, also, the plants of the sea are dependent upon
the winds, upon the clouds, and upon the sunshine; for
upon these depend the vapour and the rains which feed
the streams that bring nourishment for them into the sea.}

* The transparency of the atmosphere is so great that we can sometimes dis-
cover Venus in the sky in the middle of the day.—JaxsEx.

+ Especially in the rainy season the land looms very greatly; then we see
mountains which are from 5000 to 6000 feet high at a distance of 80 or 100 Eng-
lish miles.

+ The archipelago of coral islands on the north side of the Straits of Bundais '
remarkable. Befors the salt water flowed from the Straits, it was deprived of
the solid matter of which the Thousand Islands are constructed. A similar
group of islands is found between the Straits of Macassar and Balie.—JaxsEx.

-
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“When the sun reaches the zenith, and his stern eye,
with burning glare, is twrned more and more upon the
Java Sea, the air seems to fall into a magnetic sleep; yet,
even as the magnetizer exercises his will upon his subject,
and the latter, with uncertain and changeable gestures,
gradually puts himself in motion, and, sleeping, obeys that
will, so also we see the slow efforts of the sea-breeze to
repress the vertical movements of the air, and to obey the
will which calls it to the land  This vertical movement
appears to be mnot easily overcome by the horizontal,
which we call wind. Yonder, far out upon the sea, arises
and disappears alternately a darker tint upon the other-
wise shining sea-carpet; finally, that tint remains and
approaches; that is the long-wished-for sea-breeze; and
yet it is sometimes one, yes, even two hours, before that
darker tint is permanent, before the sea-breeze has regu-
larly set in.

“ Now small white clouds begin to rise above the hori-
zon; to the experienced seaman they are a prelude to a
fresh sea-breeze. ~We welcome the first breath from
the sea; it is cooling, but it soon ceases; presently it is
succeeded by other grateful puffs of air, which continue
longer; presently they settle down into the regular sea-
breeze, with its cooling and refreshing breath.

“The sun declines, and the sea~wind—rthat is, the
common trade-wind or monsoon which is drawn toward
the land—is awakened. It blows right earnestly, as if
it would perform its daily task with the greatest possible
ado.

“The air, itself refreshed upon the deep, becomes gray
from the vapour which envelopes the promontories in
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mist, and curtains the inland with dark clouds. The cusrren

.

land, relieved by the darker tint which it gives to the —
mist, looms up beautifully; the distance cannot be esti- )
mated. The sailor thinks himself farther from shore than "™
he really is, and steers on his course carelessly, while the
capricious wind lashes the waters, and makes a short and
broken sea, from the white caps of which light curls are

torn, with sportive hand, to float away like party-coloured
streamers in the sunbeam. In the meanwhile clouds
appear now and then high in air, yet it is too misty to

-see far,

“The sun approaches the horizon. Far over the land § 244
the clouds continue to heap up; already the thunder is
heard among the distant hills; the thunder-bolts rever-
berate from hill-side to hill-side, while through the mist
the sheets of lightning are seen.*

“ Finally, the ‘king of day’ sinks to rest; now the § 245
mist gradually disappears, and as soon as the wind has
laid down the lash, the sea, which, chafing and fretting,
had with curled mane resisted its violence, begins to go
down also. Presently both winds and waves are hushed,
and all is again stil. Above the sea, the air is clearer
or slightly clouded; above the land, it is thick, dark,
and swollen, To the feelings, this stillness is pleasant.

. The sea-breeze, the driving brine that has made a salt-
pan of the face, the short, restless sea, the dampness—all
have grown wearisome, and welcome is tlie calm. There
is, however, a somewhat of dimuess in the air, an uncer-

tain but threatening appearance. Presently, from the

* At Buitenzorg, near Batavia, 40 English miles from the shore, 500 feet
above the sea, with high hills around, these thunder-storms occur between 4 p.u.
and § p.M.

8

"
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onsrrEr dark mass of clouds, which hastens the change of day
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into night, the thunder-storm peals forth. The rain falls
in torrents in the mountains, and the clouds gradually
overspread the whole sky. But for the wind, which
again springs up, it would be alarming to the sailor, who
is helpless in a calm. What change will take place in
the air? The experienced seaman, who has to work
against the trade-wind or against the monsoon, is off the
coast, in order to take advantage of the land-breeze (the
destroyer of the trade) so soon as it shall come. He
rejoices when the air is released from the land, and the
breeze comes, at first feebly, but afterward growing
stronger, as usual, during the whole night. If the land-
breeze meets with a squall, then it is brief, and becomes
feeble and uncertain. We sometimes find then the per-
manent sea-breeze close to the coast, which otherwise
remains twenty or more English miles from it.

“One is not always certain to get the land-breeze at
the fixed time. It sometimes suffers itself to be waited
for ; sometimes it tarries the whole night long. :

“During the greatest part of the rainy season, the
land-breeze in the Java Sea cannot be depended upon.
This is readily explained according to the theory which

pended on. ascribes the origin of the sea and land breezes to the

heating of the soil by day, and the cooling by means of
radiation by night; for, during the rainy season, the
clouds extend over land and sea, interrupting the sun's
rays by day, and the radiation of heat by night, thus
preventing the variations of temperature ; and from these
variations, according to this theory, the land and sen
breezes arise. Yet there are other tropical regions where
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the land and sea breezes, even in the rainy season, regu- cmarren
larly succeed each other. —

“The warming and the radiation alone are therefore g 943
not sufficient to explain all the phenomena of land and
sea breezes, and other causes—electricity, rain, &c., appear
to have an influence upon the regularity of the land
winds.*

“ Upon the coast of Africa, the land-breeze is umiver- g 249
sally scorching hot, but the sea-breeze is cool and refresh- rana-
ing. When this is the case, the land-breeze certainly oedin
cannot be occasioned by the cooling of the earth by s
radiation. 'When we shall have brought together all the
observations upon the various phenomena which the land
and sea breezes afford, then we shall be able to begin to
found upon facts a theory which shall explain the varied
phenomena. Thus, among other things, upon the west obserra-
coast of Africa, from 0° 27’ S. to 15° 24’ S, according Theme
to Thomas Miller, from June to October, and, above all, ™"
in July, there are heavy dews, and when the dews are
very heavy, then the land and sea breezes are invariably
feeble—sometimes very faint.”

[Lieutenant Jansen’s remarks are both instructive and g 959

suggestive. It is true that a given difference of tem-

* My observations lead me to smspect that the position of the moon is also
herein concerned. In the easter. outlet of Sourabaya, during the east monsoon,
there is at foll moon little land-breeze, and at mew moon little sea-breeze. I
afterward made the same observation in the Gulf of Darien. Feb. 4, 1852.—At
the Road of Carthagena (New Grenada), full moon, sea-breeze north, under
reefed top-sail, fresh gale; at 11 ».um., feeble and easterly, Feb. 5 —11 a. .,
sea-breeze grows faint. 1 p.M., stronger, and between 5 and 6 p. M. fresh gale;
double-reefed top-sail. Each day somewhat later and less hard. Thermometer
varying between 78° and 80°. Barometer varying between 763° and 750°, Upon
leaving Chagres, with new moon, it was by day mostly feeble.—-J avsEN.

+ Nantical Magazine for Juna 1855, —JaxsexN,

M
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perature between land and water, though it may be suf-
ficient to produce the phenomena of land and sea breezes
at one place, will not be adequate to the same effect at
another; and the reason is perfectly philosophical

It is easier to obstruect and turn back the current in a
sluggish than in a rapid stream. So, also, in turning a
current of air first upon the land, then upon the sea—
very slight alterations of temperature would suffice for
this on the coast of Africa, in and about the equatorial
calms, for instance; there the air is in a state of rest,
and will obey the slightest call in any direction—not so
in regions where the trades blow over the land, and are
strong. It requires, under such circumstances, a con-
siderable degree of rarefaction to check them, and produce
a calm, and a still farther rarefaction to turn them back,
and convert them into a regular sea-breeze.

Hence the scorching land-breeze on the west coast of
Africa : the heat there may not have been intense enough
to produce the degree of rarefaction required to check
and turn back the south-east trades. In that part of the
world, their natural course is from the land to the sea,
and therefore, if this view be correct, the sea-breeze
should be more feeble than the land-breeze, neither should
it last so long. .

But on the opposite side—on the coast of Brazil, as at
Pernambuco, for instance—where the trade-wind comes

prevails on
theconstof from the sea, we should have this condition of things

§254

reversed, and the sea-breeze will prevail for mest of the
time—then it is the land-breeze which is feeble and of
ghort duration : it is rarely felt.

Again, the land and sea breezes in Cuba, and along
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the Gulf shores of the United States, will be more regular oaarten

in their alternations than they are along the shores of -E—
Brazil or South Africa, and for the simple reason that

the shore-wind named in North American waters lies
nearly parallel with the course of the winds in their pre-
vailing direction. In Rio de Janeiro, the sea-breeze is Biode
the regular trade-wind, made fresher by the daily action

of the sun on the land. It is worthy of remark, also,
that, for the reason stated by Jansen, the land and sea
breezes in the winter time are almost unknown in coun-

tries of severe cold, though, in the summer, the alterna-

tion of wind from land to sea, and sea to land, may be

well marked.

In Valparaiso, the phenomenon of the sea-breeze is § 255
finely developed. Valparaiso is situated near the south- Phenome.
ern border of the calm belt of Capricorn, when it is at .
its farthest southern reach, which happens in our late e
winter and early spring—the Southern summer and
autumn. This is the dry season, when the sky is singu-
larly clear and bright. The atmosphere, being nearly in
a state of equilibrium, is then ready to obey even the
most feeble impulse, and to hasten toward the place of
any, the slightest rarefaction.

At about ten in the morning, at this season of the goz4
year, the land begins to feel the sun, and there is & move- pegtnsat
ment in the air. By 3 or 4 P.M, the sea-breeze comes "= '
rushing in from the southward and westward, and
strikes the shipping in the harbour with the force of a
gale. Vessels sometimes drag before it, and communica~
tion with the shore is suspended. By 6 P.M, however,
the wind has spent its fury, and there is a perfect calm.]
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cmarr  “ Happy he,” continues Jansen, “ who, in the Java Sea

.k evening, seeking the land-breeze off the coast, finds

ca? it there, after the salt-bearing, roaring sea-wind, and

fom . can, in the magnificent nights of the tropics, breathe

the refreshing land-breeze, ofttimes laden with delicious
odours.®

§ 258 “The wveil of clouds, either after a squall, with or

B:Er without rain, or after the coming of the land-breeze, is

Junsen  Bpeedily withdrawn, and leaves the sky clearer during

smaws  the night, only now and then flecked with dark clouds

mﬂh floating over from the land. Without these floating

** clouds the land-breeze is feeble. When the clouds float

away from the sea, the land-breeze does mnot go far out

from the coast, or is wholly replaced by the sea-breeze,

or, rather, by the trade-wind. If the land-breeze con-

tinues, then the stars loom forth, as if to free themselves

from the dark vault of the heavens, but their light does

not wholly vanquish its deep blue, though the dark fleck-

ing of clouds comes out more distinetly near the Southern

Cross, which smiles consolingly upon us, while Scorpio,

the emblem of the tropical climate, stands like a warning

in the heavens. The starlight, which is reflected by the

mirrored waters, causes the nights to vie in clearness

with the early twilight in high latitudes. Numerous

shooting stars weary the eye, although they break the

monotony of the sparkling firmament. Their unceasing

motion in the unfathomable ocean affords a great contrast

to the seeming quiet of the gently-flowing aerial current

of the land-breeze. But at times, when, 30° or 40° above

the horizon, a fire-ball arises, which suddenly illumines

* In the roads of Batavia, however, they are not very agreeable.—J A¥sEx,
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the whole horizon, appearing to the eye the size of the cuarres
fist, and fading away as suddenly as it appeared, falling —
into fiery nodules, then we perceive that, in the apparent

calm of nature, various forces are constantly active,

in order to cause, even in the invisible air, such com-
binations and combustions, the appearance of which
amazes the crews of ships,

“ When the slender keel glides quickly over the mir- g 959
rored waters upon the wings of the wind, it cuts for itself ::nlz::-
a sparkling way, and disturbs in their sleep the monsters
of the deep, which whirl and dart quicker than an eight-
knot ship ; sweeping and turning around their disturber,
they suddenly clothe the dark surface of the water in
brilliancy. Again, when we go beyond the limits of the
land-breeze, and come into the continuous trade-wind, we
occasionally see from the low-moving, round black clouds
(unless it thunders), light blue sparks collected upon the Eectriay
extreme points of the iron belaying-pins, &e. ;* then the
crew appear to fear a new danger, against which courage
is unavailing, and which the mind can find no power to
endure. The fervent, fiery nature inspires the traveller
with deep awe. They who, under the beating of the
storm and terrible violence of the ocean, loock danger
courageously in the face, feel, in the presence of these
phenoma, insignificant, feeble, anxious. Then they per-
ceive the mighty power of the Creator over the works of
his creation.

“ And how can the uncertain, the undetermined sensa- g agp
tions arise which are produced by the clear yet sad light

* I have seen this in & remarkable degree upon the south coast of Java ; these
sparks were then seen six feet above the deck, upon the frames of timber, (kous-
#cn der Bblokken ), in the implements, &e.—J ANSEN.
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enarrzn-of the moon ?—she who has always great tears in her
b eyes, while the stars look sweetly at her, as if they loved
to trust her and to share her affliction 7*
g§261 “In the latter part of the night, the land-breeze sinks
Fickleness to sléep, for it seldom continues to blow with strength,
breese.  but is always fickle and capricions. With the break of
day it again awakes, to sport a while, and then gradually
dies away as the sun rises. The time at which it becomes
calm after the land and sea breezes is indefinite, and the
calms are of unequal duration.
g262 “ Generally, those which precede the sea-breeze are
camsthat Tather longer than those which precede the land-breeze,
fa© The temperature of the land, the direction of the coast-
wreczes  line with respect to the prevailing direction of the trade-
wind in which the land is situated, the clearness of the
atmosphere, the position of the sun, perhaps also that of
the moon, the surface over which the sea-breeze blows,
possibly also the degree of moisture and the electrical
state of the air, the heights of the mountains, their extent,
and their distance from the coast, all have influence
thereon. Local observations in regard to these can afford

i much light, as well as determine the distance at which
the land-breeze blows from the coast, and beyond which
the regular trade-wind or monsoon continues uninter-
ruptedly to blow. The direction of land and sea winds
must also be determined by local observations, for the
idea is incorreet that they should always blow perpendi-
cular to the coast-line.

¢ Some one has ventured the remark, that at full moon, near the equator, more
and darker dew falls than at new moon, and to this are aseribed the moonheads
fmaan hoafden ), which I have seen, however, but once during all the years which
I have spent between the tropics. —JaxNsex,
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“ Scarcely has one left the Java Sea,—which is, as it emarren

were, an inland sea between Sumatra, Borneo, Java, and e
the archipelago of small islands between both of the last- Sy,
named,—than, in the blue waters of the easterly part of 2™ °f
the East Indian archipelago, nature assumes a bolder :11:_'1‘:";1_
aspect, more in harmony with the great depth of the s
ocean. The beauty of the Java Sea, and the delightful
phenomena which air and ocean display, have here ceased.
The scene becomes more earnest. The coasts of the
eastern islands rise boldly out of the water, far in whose
depths they have planted their feet. The south-east
wind, which blows upon the southern coasts of the chain
of islands, is sometimes violent, always strong through
the straits which separate them from each other, and this
appears to be more and more the case as we go eastward.
Here, also, upon the northern coast, we find land-breezes,
yet the trade-wind often blows so violently that they have
not sufficient power to force it beyond the coast,

“ Owing to the obstruction which the chain of islands § 261
presents to the south-east trade-wind, it happens that it Effectsor
blows with violence away over the mountains, apparently :T:n:thl-nn
as the land breeze does upon the north coast;* yet this o i
wind, which only rises when it blows hard from the
south-east upon the south coast, is easily distinguished
from the gentle land-breeze.

“ The regularity of the land and sea breezes in the Java g 245
Sea and upon the coasts of the nortliern range of islands, cause of

Baneca, Borneo, Celebes, &e., during the east monsoon, ey e
must in part be ascribed to the hindrances which the —i
Java Sea

= Such is the case, among others, in the Strait Madura, npon the heights of
Bezoekie.
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cnarrer south-east trade-wind meets in the islands which lie

2 directly in its way; in part to the inclination toward

the east monsoon which the trade-wind undergoes after

it has come within the archipelago; and, finally, to its

abatement as it approaches the equator. The causes

which produce the land-breezes thus appear collectively

not sufficiently powerful to be able to turn back a strong
trade-wind in the ocean.”

-
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CHAPTER V.

RED FOGS AND SEA DUST.

Where found, § 266.—Tallies on the Wind, 272.—Where taken up, 278.—Hum-
boldt's Description, 282.—Questions to be answered, 284, —What Effects the
Deserts have upon the General Circulation of the Air, 286.—Information
derived from Sea Dust, 258.—Limits of Trade-winds, 289, —Breadth of Calm

Belts, 200,

SEAMEN tell us of “red fogs” which they sometimes enapren

encounter, especially in the vicinity of the Cape de Verd ;

Islands. In other parts of the sea, also, they meet ftﬁfﬂz‘

showers of dust. What these showers precipitate in the 5™

Mediterranean is called “siroceo dust,” and in other

parts “ African dust,” because the winds which accom-

pany them are supposed to ecome from the Sirocco desert,

or some other parched land of the continent of Africa.

It is of a brick-red or cinnamon colour, and it sometimes

comes down in such quantities as to cover the sails and
rigging, though the vessel may be hundreds of miles from

the land.

Now, the patient reader who has had the heart to g 267
follow me, in the preceding chapter, around with *“the proot
wind in his circuits,” will perceive that proof is yet that the
wanting to establish it as a fact, that the north-east and il
south-east trades, after meeting and rising up in the [igiue
equatorial calms, do cross over and take the paths repre- fote
sented by C and G, Plate L e L

Statements and reasons and arguments enough have § 268
already been made and adduced to malke it highly pro-

bable, according to human reasoning, that such is the
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enarrin case ; and though the theoretical deductions, showing such

" to be the case, be never so plausible, positive proof that
they are true cannot fail to be received with delight and
satisfaction.

g2p9  Were it possible to take a portion of this air, repre-
vimealty senting, as it travels along with the south-east trades, the
?:::t?::ﬁ[ general course of atmospherical circulation, and to put a

tally on it by which we could follow it in its eircuits and
always recognise it, then we might hope actually to
prove, by evidence the most positive, the channels through
which the air of the trade-winds, after ascending at the
equator, returns whence it came.

§270  But the air is invisible ; and it is not easily perceived
how either marks or tallies may be put upon it, that it
may be traced in its paths through the clouds. The
sceptic, therefore, who finds it hard to believe that the
general circulation is such as Plate I. represents it to be,
might consider himself safe in his unbelief were he to
declare his willingness to give it up the moment any one
should put tallies on the wings of the wind, which would
enable him to recognize that air again, and those tallies,
when found at other parts of the earth’s surface,

g 271 As difficult as this seems to be, it has actually been
ehren-  done.  Ehrenberg, with his microscope, has established,
covery. . almost beyond a doubt, that the air which the south-east

trade-winds bring to the equator does rise up there and
pass over into the northern hemisphere.

§9272 The Siroeco, or African dust, which he has been ob-
Tallles put serving so closely, has turned out to be tallies put upon
wind  the wind in the other hemisphere; and this beautiful

instrument of his enables us to detect the marks on these
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little tallies as plainly as though those marks had been cuarrn
written upon labels of wood and tied to the wings of the ——
wind.

This dust, when subjected to microscopic examination, § 273
is found to consist of infusoria and organisms whose ha- “”T.;'T:.i.
bitat is not Africa, but South America, and in the south- :::I:-u of
east trade-wind region of South America. Professor
Ehrenberg has examined specimens of sea dust from the
Cape de Verds and the regions thereabout, from Malta,
Genoa, Lyons, and the Tyrol; and he has found a simi-
larity among them as striking as it would have been had
these specimens been all taken from the same pile. South Resuis
American forms he recogmises in all of them ; indeed
they are the prevailing forms in every specimen he has
examined.

It may, I think, be now regarded as an established § 274
fact, that there is a perpetual upper current of air from Sigerons.
South America to North Africa; and that the volume of tomsoun
air which flows to the northward in these upper currents is i =
nearly equal to the volume which flows to the southward
with the north-east trade-winds, there can be no doubt.

The “rain dust” has been observed most frequently § 275
to fall in spring and autumn ; that is, the fall has occurred ran aust

most fre-

after the equinoxes, but at intervals from them varying quenty
from thirty to sixty days, more or less. To account for ;”,fu:'m
this sort of periodical occurrence of the falls of this dust, —
Ehrenberg thinks it “necessary to suppose a dust-cloud enren-
to be held constantly swimming in the atmosphere by peson
continuous currents of air, and lying in the rvegion of

the trade-winds, but suffering partial amd periodical
deviations.”
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cnserer It has already been shown) that the rain or calm belt

—_ between the trades travels up and down the earth from

$276 1orth to south, making the rainy season wherever it goes.
The reason of this will be explained in another place.

§277 This dust is probably taken up in the dry and not in

Thisdust the wet season. Instead, therefore, of its being “held

probably

takenup 10 clouds suffering partial and periodical deviations,” as

g Ehrenberg suggests, it more probably comes from one
sty place about the vernal, and from another about the
autumnal equinox; for places which have their rainy
season ab one equinox have their dry season at the other.

§278 At the time of the vernal equinox, the valley of the
vaney of Lower Oronoco is then in its dry season; everything is
Doy parched up with the drought ; the pools are dry, and the
. marshes and plains become arid wastes, All vegetation

parched has ceased ; the great serpents and reptiles have buried
arought. themselves for hibernation ;* the hum of insect life is
hushed, and the stillness of death reigns through the valley.
Under these circumstances, the light breeze, raising
dust from lakes that are dried up, and lifting motes from
the brown savannas, will bear them away like clouds in
the air.
. §279  This is the period of the year when the surface of the
i :"M earth in this region, strewed with impalpable and feather-
::;n::lrl- light remains of animal and vegetable organisms, is swept
over by whirlwinds, gales, and tornadoes of terrific force.
This is the period for the general atmospheric disturbaneces
which have made characteristic the equinoxes. Do not
these conditions appear sufficient to afford the “rain dust”
for the spring showers?

* Humboldt.
1 g188.
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At the period of the autumnal equinox, another por- caarres
tion of the Amazonian basin is parched with drought, and i
liable to winds that £l the air with dust, and with the 3250
remains of dead animal and vegetable matter; these im- [t
palpable organisms, which each rainy season calls into 7oxe
being, to perish the succeeding season of drought, are ofthe
perhaps distended and made even lighter by the gases of ::npnb::]’:;d_
decomposition which has been going on in the period of
drought.

May not, therefore, the whirlwinds which accompany § 251
the vernal equinox, and sweep over the lifeless plains of o
the Lower Oronoco, take up the “rain dust” which de- et
scends in the northern hemisphere in April and May? whe
and may it not be the atmospherical disturbances which '
accompany the antumnal equinox that take up the miecro-
scopic organisms from the Upper Oronoco and the great
Amazonian basin for the showers of October ?

The Baron von Humboldt, in his Aspects of Nature, § 282
thus contrasts the wet and the dry seasons there:

“When, under the vertical rays of the never-clouded Contrst
sun, the carbonized turfy covering falls into dust, the dry
indurated soil cracks asunder as if from the shock of an Von Hum-
earthquake. If at such times two opposing currents of -
air, whose conflict produces a rotary motion, come in
contact with the soil, the plain assumes a strange and
singular aspect. Like conical-shaped clouds, the points
of which descend to the earth, the sand rises through the
rarefied air on the electrically-charged centre of the
whirling current, resembling the loud water-spout, dreaded
by the experienced hariner. The lowering sky sheds a
dim, almost straw-coloured light on the desolate plain.
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The horizon draws suddenly nearer, the steppe seems to
contract, and with it the heart of the wanderer. The
hot, dusty particles which fill the air increase its suffo-
cating heat, and the east wind, blowing over the long-
heated soil, brings with it no refreshment, but rather a
still more burning glow. The pools which the yellow,
fading branches of the fan-palm had protected from eva-
poration, now gradually disappear. As in the icy north
the animals become torpid with cold, so here, under the
influence of the parching drought, the crocodile and the
boa become motionless and fall asleep, deeply buried in
the dry mud. . . . .

“The distant palm-bush, apparently raised by the in-
fluence of the contact of unequally heated and therefore
unequally dense strata of air, hovers above the ground,
from which it is separated by a narrow intervening mar-
gin. Half-concealed by the dense clouds of dust, restless
with the pain of thirst and hunger, the horses and cattle
roam around, the cattle lowing dismally, and the horses
stretching out their long necks and snuffing the wind,
if haply a moister current may betray the neighbourhood
of a not wholly dried-up pool. . . . .

“ At length, after the long drought, the welcome sea-
son of the rain arrives; and then how suddenly is the

“ Hardly has the surface of the earth received the re-
freshing moisture, when the previously barren steppe
begins to exhale sweet odours, and to clothe itself with
killingias, the many panicles of the paspulum, and a
variety of grasses. The herbaceous mimosas, with re-
newed sensibility to the influence of light, unfold their
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drooping, slumbering leaves to greet the rising sun; and cuaeres
the early song of birds and the opening blossoms of the ——
water-plants join to salute the morning.”

The arid plains and deserts, as well as high moun- § 283
tain ranges, have, it may well be supposed, an influence
upon the movements of the great aerial ocean, as shoals
and other obstructions have upon the channels of eircu-
lation in the sea. The deserts of Asia, for instance, pro- Ellest of
duce’a disturbance upon the grand system of atmospheri- on atmo-
cal circulation, which, in summer and autumn, is felt in p o=l
Europe, in Liberia, and away out upon the Indian Ocean,
as far to the south as the equinoctial line. There is an
indraught from all these regions toward these deserts.

These indraughts are known as monsoons at sea; on the
land, as the prevailing winds of the season.

Imagine the area within which this indraught is felt, § 284
and let us ask a question or two, hoping for answers, Emﬂw
The air which the indraught brings into the desert saswered
places, and which, being heated, rises up there, whither
does it go? It rises up in a column a few miles high
and many in circumference, we know, and we can imagine
that it is like a shaft many times thicker than it is tall,
but how is it crowned? Is it crowned like the stem of
a mushroom, with an efflorescence or ebullition of heated
air flaring over and spreading out in all directions, and
then gradually thinning out as an upper current, extend-
ing even unto the verge of the area whence the indraught
is drawn? If so, does it then descend and return to the
desert plains as an indraught again? Then these desert
places would constitute centres of circulation for the mon-
soon period ; and if they were such centres, whence would

lgm
9
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enapren these winds get the vapour for their rains in Europe and
v

— Asia?

s 285 . Or, instead of the mushroom shape, and the flare at
the top in all directions from centre to circumference, does
the uprising column, like one of those submarine foun-
tains which are said to be in the Gulf Stream off the
coast of Florida, bubble up and join in with the flow of
the upper current? The right answers and explanations
to these questions would add greatly to our knowledge
concerning the general circulation of the atmosphere. It
may be in the power of the microscope to give light
here. Let us hope.

§286  The colour of the “rain dust,” when collected in parcels
cocurof and sent to Ehrenberg, is “ brick-red,” or “ yellow ochre;”
rain dust, . . .

when seen by Humboldt in the air, it was less deeply
shaded, and is described by him as imparting a “ straw
colour” to the atmosphere. In the search of spider lines
for the diaphragm of my telescopes, I procured the finest
and best threads from a cocoon of a mud-red colour; but
the threads of this cocoon, as seen singly in the diaphragm,
were of a golden colour; there would seem, therefore, no
difficulty in reconciling the difference between the colours
of the rain dust when viewed in little piles by the miero-
scopist, and when seen attenuated and floating in the wind
by the great traveller.

§287 It appears, therefore, that we here have placed in our
acew.  hands a clew, which, attenuated and gossamer-like though

it at first appears, is nevertheless palpable and strong
enough to guide us along through the “circuits of the
wind” even unto “ the chambers of the south.”

§288 The frequency of the fall of “rain dust” between the
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parallels of 17° and 25° north, and in the vicinity of the cuarren
Cape Verd Islands, is remarked upon with emphasis by ¥

the microscopist. It is worthy of remark, beecause, in Em;mt’
connection with the investigations at the Observatory, it sy
is signifioant, Cape erd

The latitudinal limits of the northern edge of the g 289
north-east trade-winds are variable. In the spring they Latieadl|
are nearest to the equator, extending sometimes at this of trage-
season not farther from the equator than the parallel of varasie
15° north.

The breadth of the calms of Cancer is also variable ; § 290
so also are their limits The extreme vibration of this Bresin o
zone is between the parallels of 17° and 38° north, ac- st
cording to the season of the year. s

According to the hypothesis'suggested by my researches, § 291
this is the zone in which the upper currents of atmosphere
that ascended in the equatorial ealms, and flowed off to
the northward and eastward, are supposed to descend.

This, therefore, is the zone in which the atmosphere that ﬁ:ﬂzfm—
bears the “rain dust,” or “ African sand,” descends to the ey
surface; and this, therefore, is the zone, it might be sup- tion ofar
posed, which would be the most liable to showers of this B
“dust.” This is the zone in which the Cape Verd Islands

are situated; they are in the direction which theory gives

to the upper current of air from the Oronoco and Ama-

zon with its “rain dust,” and they are in the region of

the most frequent showers of “rain dust,” all of which,
though they do mnot absolutely prove, are nevertheless
strikingly in conformity with, this theory as to the circu-

lation of the atmosphere,

It is true that, in the present state of our information, § 292

18180,




CIOAPT
v.

§293

Fall of
ruin dust
always
occurs in
R at-

mospheri-

cal vein

§204

General

regulari
of apper
crrrents,

§ 205

ity

132 THE PHYSICAL GEOGRAPHY OF THE SEA.

we cannot tell why this “rain dust” should not be gra-
dually precipitated from this upper eurrent, and descend
into the stratum of trade-winds, as it passes from the equa-
tor to higher northern latitudes; neither can we tell why
the vapour which the same winds carry along should not,
in like manner, be precipitated on the way; nor why we
should have a thunder-storm, a gale of wind, or the dis-
play of any other atmospherical phenomenon to-morrow,
and not to-day: all that we can say is, that the condi-
tions of to-day are not such as the phenomenon requires
for its own development.

Therefore, though we cannot tell why the * sea-dust”
should not fall always in the same place, we may never-
theless suppose that it is not always in the atmosphere,
for the storms that take it up occur only occasionally, and
that when up, and in passing the same parallels, it does
not, any more than the vapour from a given part of the
sea, always meet with the conditions—electrical and
others—favourable to its descent, and that these condi-
tions, as with the vapour, may occur now in this place,
now in that. But that the fall does occur always in the
same atmospherical vein or general direction, my inves-
tigations would suggest, and Ehrenberg’s researches prove.

Judging by the fall of sea or rain dust, we may sup-
pose that the currents in the upper regions of the atmo-
sphere are remarkable for their general regularity, as well
as for their general direction and sharpness of limits, so to
speak.

We may imagine that certain electrical conditions are
necessary to a shower of “ sea-dust,” as well as to a thun-
der-storm; and that the interval between the time of the
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equinoctial disturbances in the atmosphere and the occur- emsrres
rence of these showers, though it does not enable us to ——
determine the true rate of motion in the general system of
atmospherical circulation, yet assures us that it is not less

on the average than a certain rate.

I do not offer these remarks as an explanation with § 296
which we ought to rest satisfied, provided other proof can auners
be obtained; I rather offer them in the true philosophical S
spirit of the distinguished microscopist himself, simply as
affording, as far as they are entitled to be called an ex-
planation, that explanation which is most in conformity
with the facts before us, and which is suggested by the
results of a novel and beautiful system of philosophical
research. It is not, however, my province, or that of any
other philosopher, to dictate belief. Any one may found
hypotheses if he will state his facts and the reasoning by
which he derives the conclusions which constitute the
hypothesis. Having done this, he should patiently wait
for time, farther research, and the judgment of his peers,
to expand, confirm, or reject the doctrine which he may
have coneeived it his duty to proclaim.

Thus, though we have tallied the air, and put labels on § 297
the wind, to “tell whence it cometh and whither it apcther

agent con-

goeth,” yet there evidently is an agent concerned in the cemed in
circulation of the atmosphere whose functions are mani- fyeru.
fest, but whose presence has never yet been clearly recog- "™
nized,

When the air which the north-east trade-winds bring § 298
down meets in the equatorial calms that which the south-
east trade-winds convey, and the two rise up together,
what is it that makes them cross? Where is the power
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ciarren that guides that from the north over to the south, and
Y that from the south up to the north?

The conjectures in the next chapter as to *the relation
between magnetism and the circulation of the atmosphere”
may perhaps throw some light upon the answer to this
question,
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CHAPTER VL

ON THE PROBABLE RELATION BETWEEN MAGNETISM AXD
THE CIRCULATION OF THE ATMOSPHERE.

Faraday's Discoveries, § 208.—Is there a crossing of Air at the Calm Belis?
301.—Whence comes the Vapour for Rains in extra-tropical Regions? 805.—
Bignificant Facts, 310.—Wet and dry Winds, 311.—Regions of Precipitation
and Evaporation, 312.—What guides the Wind in his Circulations? 313.—
Distribation of Rains and Winds not left to Chance, 315.—A Conjecture about
Magnetism, 318, —Circumstantial Evidence, 323. —More Hvaporating Surface
in the Southern than in the Northern Hemisphere, 326.—Whence come the
Vapours that feed the great Rivers with Rains? 329, —Rain and Thermal
Mape, 330.—The Dry Beazon in California, the Wet in the Mississippi Valley,
332, —Importance of Meteorological Observations in British America, 338.—
Importance of extending the System from the Sea to the Land, 334.— Climate
of the Interior, 335.—The extra-tropical Regions of the Northern Hemisphere
Condenser for the-Trade-winds of the Southern, 336.—Plate VII., 330.—
Countries most favourable for having Rains, 343.—How does the Air of the
North-east and South-east Trades cross in the Equatorial Calms, 850.—HRain
for the Mississippi Valley, 357.—Blood Rains, 372 —Track of the Passat-
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OxYGEN, philosophers say, comprises one-fifth part of the cuarren

atmosphere,and Faraday has discovered that it is magnetic.

VL

This discovery presents itself to the mind as a great & 299

Xy gen is

physical fact, which is perhaps to serve as the keystone ™ eie

for some of the grand and beautiful structures which phi-
losophy is building up for monuments to the genius of the

age.

Certain facts and deductions elicited in ﬂ:e course of § 300

these investigations had directed my mind to the work- teat s

dinrnal ro-

ings in the atmosphere of some agent, as to whose cha~ tation not
racter and nature I was ignorant. Heat, and the diurnal « i

for all the

rotation of the earth on its axis, were not, it appeared 0 currentsor

me, sufficient to account for all the currents of both sea
and air which investigation was bringing to light.

sea and air
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cusrtsn For instance, there was reason to suppose that there is
5—301 a crossing of winds at the three calm belts; that is, that
Tesson 1o tNE south-east trade-winds, when they arrive at the belt

mppee  of equatorial calms and ascend, cross over and continue

that the
wmde-  thejr course as an upper current to the calms of Cancer,

El':’:*;:;;l': while the air that the north-east trade-winds discharge
into the equatorial calm belt continues to go south, as an
upper current bound for the calms of Capricorn. But
what should cause this wind to cross over? Why should -
there not be a general mingling in this calm belt of the
air brought by the two trade-winds, and why should not
that which the south-east winds convey there be left, after
its ascent, to flow off either to the north or to the south,
as chance directs?

§302 In the first place, it was at variance with my faith in
the grand design; for I could not bring myself to believe
that the operations of such an important machine as the
atmosphere should be left to chance, even for a moment.
Yet I knew of no agent which should guide the wind
across these calm belts, and lead it out always on the
side opposite to that on which it entered; mevertheless,
certain circumstances seemed to indicate that such a eross-
ing does take place. y

§303  Evidence in favour of it seemed to be afforded by this

ﬁvt:m:: circumstance, namely, our researches enabled us to trace

ofthissup- from the belt of calms, near the tropic of Cancer, which

poltien. extends entirely across the seas, an efflux of air both to

the north and to the south; from the south side of this

belt the air flows in a never-ceasing breeze, called the
north-east trade-winds, toward the equator. (Plate L)

On the north side of it, the prevailing winds come
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from it also, but they go toward the north-east. They cmsersa
are the well-known south-westerly winds which prevail .
along the route from this country to England, in the ratio

of two to one. But why should we suppose a crossing to

take place here?

We suppose so, because these last-named winds are § 304
going from a warmer to a colder climate, and therefore it
may be inferred that nature exacts from them what we
know she exacts from the air under similar circumstances,
but on a smaller scale, before our eyes, namely, more pre-
cipitation than evaporation,

But where, it may be asked, does the vapour which § 305
these winds carry along, for the replenishing of the whole Wienee
extra-tropical regions of the north, come from? They did nsmir
not get it as they came along in the upper regions, a I;:im.:':x
counter-current to the north-east trades, unless they eva- ulrettcm
porated the trade-wind clouds, and so robbed those winds
of their vapour. They certainly did not get it from the
surface of the sea in the calm belt of Cancer, for they did
not tarry long enough there to become saturated with
moisture. Thus circumstances again pointed to the south-
east trade-wind regions as the place of supply.

Moreover, these researches afforded grounds for the § g4
supposition that the air of which the north-east trade- Bhecsed
winds are composed, and which comes out of the same winds for
zone of calms as do these south-westerly winds, so far m";un"-t
from being saturated with vapour at its exodus, is dry;
for near their polar edge, the north-east trade winds are,
for the most part, dry winds. Reason suggests, and phi-
losophy teaches, that, going from a lower to a higher
temperature, the evaporating powers of these winds are




138 THE PHYSICAL GEOGRAPHY OF THE SEA.

enarrer increased ; that they have to travel, in their oblique

VI

§ 307

course toward the equator, a distance of nearly three
thousand miles; that, as a general rule, they evaporate
all the time, and all the way, and precipitate little or
none on their route; investigations have proved that they
are not saturated with moisture until they have arrived
fully up to the regions of equatorial calms, a zone of con-
stant precipitation.

This calm zone of Cancer borders also, it was perceived,
upon a rainy region,

Where does the vapour which here, on the northern

By ﬂmh edge of this zone of Cancer, is condensed into rains, eome
thevapour from —and where, also—was the oft-repeated guestion—

conveyed

across the does the vapour which is condensed into rains for the

calm bele.

§308

extra-tropical regions of the north generally come from ?
By what agency is it conveyed across this calm belt from
its birth-place between the tropies?

I know of no law of nature or rule of philosophy which
would forbid the supposition that the air which has been
brought along as the north-east trade-winds to the equa-
torial calms does, after ascending there, return by the
counter and upper currente to the calm zone of Cancer,
here descend and re-appear on the surface as the north-
east trade-winds again. I know of no agent in nature
which would prevent it from taking this eircuit, nor do I
know of any which would compel it fo take this circnit ;

“but while I know of no agent in nature that would pre-

vent it from taking this circuit, I know, on the other
hand, of circumstances which rendered it probable that
such, in general, is not the course of atmospherical ecircu-
lation—that it does not take this circuit. I speak of the
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rule, not of the exceptions; these are infinite, and, for the
most part, are caused by the land.

And T moreover know of facts which go to strengthen
the supposition that the winds which have come in the
upper regions of the atmosphere from the equator, do not,
after arriving at the calms of Cancer, and descending, re-
turn to the equator on the surface, but that they continue
on the surface toward the pole. But why should they?
What agent in nature is there that can compel these, ra-
ther than any other winds, to take such a cireuit?

The following are some of the facts and circumstances
which give strength to the supposition that these winds
do continue from the calm belt of Cancer toward the
pole as the prevailing south-westerly winds of the extra-
tropical north :

We have seen (Plate L) that, on the north side of this
calm zone of Cancer, the prevailing winds on the surface
are from this zone toward the pole, and that these winds
return as A through the upper regions from the pole;
that, arriving at the calms of Cancer, this upper curent
A meets another upper current G from the equator, where
they neutralize each other, produce a calm, descend, and
come out as surface winds, namely, A as B, or the trade
winds ; and G as H, or the variable winds.

Now, observations have shown that the winds repre-
sented by H are rain winds; those represented by B, dry
winds; and it is evident that A could not bring any
vapours to these calms to serve for H to make rains of ;
for the winds represented by A have already performed
the circuit of surface winds as far as the pole, during
which journey they parted with all their moisture, and,

CIIATTER
VI
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anerer returning through the upper regions of the air to the
2 calm belt of Cancer, they arrived there as dry winds,
The winds represented by B are dry winds; therefore
it was supposed that these are but a continuation of the

winds A,
§312 On the other hand, if the winds A, after descending,
Naevapo- do turn about and become the surface winds H, they

rating

regiomon would first have to remain a long time in contact with

:Jh;am:e the sea, in order to be supplied with vapour enough to

Caneer.  feed the great rivers, and supply the rains for the whole
earth between us and the north pole. In this case we
should have an evaporating region on the north as well
as on the south side of this zone of Cancer; but investi-
gation shows no such region; I speak exclusively of the
ocean.

§313 Hence it was inferred that A and G do come out on
the surface as represented by Plate I. But what is the
agent that should lead them out by such opposite paths?

$314 According to this mode of reasoning, the vapours which
supply the rains for H would be taken up in the south-
east trade-wind region by F, and conveyed thenece along
the route G to H. And if this mode of reasoning be

Conjecture admitted as plausible—if it be true that G have the
magne.  vapour which, by condensation, is to water with showers
" the extra-tropical regions of the northern hemisphere,
Nature, we may be sure, has provided a guide for con-
ducting G across this belt of calms, and for sending it on
in the right way. Here it was, then, at this crossing of
the winds, that I thought I first saw the foot-prints of
an agent whose character I could not comprehend. Could
it be the magnetism that resides in the oxygen of the air?
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Heat and cold, the early and the latter rain, clouds and
sunshine, are not, we may rely upon it, distributed over

the earth by chance ; they are distributed in obedience to %,,315

laws that are as certain and as sure in their operations as
the seasons in their rounds. If it depended upon chance

CHAFIER
1

stribu-

tion of
rain and

wind not
left to

whether the dry air should come out on this side or on chanee

that of this calm belt, or whether the moist air should
return or not whence it came—if such were the case in
nature, we perceive that, so far from any regularity as to
seasons, we should have, or might have, years of droughts
the most excessive, and then again seasons of rains the
most destructive; but, so far from this, we find for each
place & mean annual proportion of both, and that so regu-
lated withal, that year after year the quantity is preserved
with remarkable regularity.

Having thus shown that there is no reason for suppos-

§ 316

ing that the upper currents of air, when they meet over Noresson

the calms of Cancer and Capricorn, are turned back to
the equator, but having shown that there iz reason for
supposing that the air of each current, after descending,
continues on in the direction towards which it was tra-
velling before it descended, we may go farther, and, by a
similar train of circumstantial evidence, afforded by these
researches and other sources of information, show that the
air, kept in motion on the surface by the two systems of
trade-winds, when it arrives at the belt of equatorial
calms, and ascends, continues on thence, each current to-
ward the pole which it was approaching while on the
surface.

In a problem like this, demonstration in the positive
way is difficult, if not impossible. "We must rely for our

for suppos-
Ing the
winds turn
bck to the
equator,

§2817
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CHAPTER Pr{)of upﬂn philc[sophieﬂl deduction, gl.lidﬁd b}T t.hﬁ ]j.ghtﬂ

e ulf reason ; and in all cases in which positive proof can-

not be adduced, it is permitted to bring in circumstantial
evidence.

§318 I am endeavouring, let it be borne in mind, to show
Cunee for  caIS for the conjecture that the magnetism of the oxygen
:;.: ::;M of the atmosphere is concerned in conducting the air which
mague- has blown as the south-east trade-winds—and after it has
“™  arrived at the belt of equatorial calms and risen up—

over into the northern hemisphere, and so on through its
channels of circulation, as traced on Plate L

§319 But, in order to show reasonable grounds for this con-
Cireum- jecture, I want to establish, by ecircumstantial evidence
evidence. and such indirect proof as my investigations afford, that

such is the course of the *“ wind in his ecircuits,” and that
the winds represented by F, Plate L, do become those
represented by G, H, A, B, C, D, and E successively.

§320 In the first place, F represents the south-east trade-
The atmo. Winds—i. e,, all the winds of the southern hemisphere as
e they approach the equator; and is there any reason for -
e g supposing that the atmosphere does not pass freely from
eher. one hemisphere to another? On the contrary, many rea-

sons present themselves for supposing that it does,

§321 If it did not, the proportion of land and water, and
e consequently of plants and warm-blooded animals, being
waidnot. 80 different in the two hemispheres, we might imagine

that the constituents of the atmosphere in them would,
in the eourse of ages, probably become different, and that
consequently, in such a case, man could not safely pass
from one hemisphere to the other.

8322  Consider the manifold beauties in the whole system of
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terrestrial adaptations; remember what a perfect and emirren
wonderful machine' is this atmosphere; how exquisitely —
balanced and beautifully compensated it is in all its parts. el
We know that it is perfect; that in the performance of .
its various offices it is never left to the guidance of chance

—no, not for a moment. Therefore I was led to ask
myself why the air of the south-east trades, when arrived

at the zone of equatorial calms, should not, after aseend-

ing, rather return to the south than go on to the north?
Where and what is the agency by which its course is
decided ?

Here I found circumstances which again induced me § 323
to suppose it probable that it neither turned back to the
south nor mingled with the air which came from the
regions of the north-east trades, ascended, and then flowed
indiseriminately to the north or the south.

But I saw reasons for supposing that what came to the § 324
equatorial calms as the south-east trade-winds continued e
to the north as an upper current, and that what had '
come to the same zone as north-east trade-winds ascended
and continued over into the southern hemisphere as an
upper current, bound for the calm zone of Capricorn.

And these are the principal reasons and conjectures
upon which these suppositions were based:

At the seasons of the year when the area covered by § 325
the south-east trade-winds is large, and when they are Beuen
evaporating most rapidly in the southern hemisphere, peectplt
even up to the equator, the most rain is falling in the
northern. Therefore it is fair to suppose that much of
the vapour which is taken up on that side of the equator
is precipitated on this.

1 §169.




144 THE PHYSICAL GEOGRAPHY OF THE SEA.

enarrer The evaporating surface in the southern hemisphere is

Bt greater, much greater, than it is in the northern; still,
,,oif?f all the great rivers are in the northern hemisphere, the
Poe , Amazon l?eing regarded as common to both; and this fact,
soathern . 88 far as it goes, tends to corroborate the suggestion as to
ern hemi- the crossing of the trade-winds at the equatorial ealms,

§327 Independently of other sources of information, my -
Tempers- investigations also taught me to believe that the mean
wopieal  temperature of the tropical regions was higher in the

regions

higher in northern than in the southern hemisphere ; for they show
ernhemi- that the difference is such as to draw the equatorial edge
"™ of the south-east trades far over on this side of the equa-
tor, and to give them force enough to keep the north-
east trade-winds out of the southern hemisphere almost
entirely.
§328  Consequently, as before stated, the south-east trade-
winds being in contact with a'more extended evaporat-
ing surface, and continuing in contact with it for a
longer time or through a greater distance, they would
probably arrive at the trade-wind place of meeting more
heavily laden with moisture than the others.
§3290 Taking the laws and rates of evaporation into con-
Whenee  gideration, I could find no part of the ocean of the north-

mwen ern hemisphere from which the sources of the Mississipp

the grest  the St. Lawrence, and the other great rivers of our hemi-
sphere could be supplied.

§330 A regular series of meteorological observations has

Rainmaps heen carried on at the military posts of the United

States since 1819. Rain maps of the whole country®

have been prepared from these observations by Mr. Lorin
* Bee Army Meteorological Observations, published 1855,
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Blodget at the surgeon general's office, and under the cmarrsn
direction of Dr. Cooledge, U.S. A. These maps, as far ——
as they go, sustain these views in a remarkable manner ;

~ for they bring out facts in a most striking way to show

" that the dry season in California and Oregon is the wet
season in the Mississippi Valley.

The winds coming from the south-west, and striking g 331
upon the coasts of California and Oregon in winter, pre- we:ana
cipitate there copiously. They then pass over the moun- sk ralf
tains robbed in part of their moisture. Of course, after g s
watering the Pacific shores, they have not as much vapour j* ¥*

ley.
to make rains of, especially for the upper Mississippi ’
Valley, as they had in the summer time, when they dis-
pensed their moisture, in the shape of rains, most sparingly
upon the Pacific coasts.

According to these views, the dry season on the Pacific § 332
slopes should be the wet, especially in the upper Mis-
sissippi Valley, and wvice verse. Blodget's maps show
that such is actually the case.

Meteorological observations in the “ Red River country,” § 333
and other parts of British America, would throw farther
light, and give farther confirmation, I doubt not, both to
these views and to this interesting question.

These army obaeﬁatinns, as expressed in Blodget's § 331
maps, reveal other interesting features also, touching the Bl
physical geography of the country. I allude to the two
isothermal lines 45° and 65°' which include between them
all places that have a mean annual temperature between
45° and 65°

I have drawn similar lines on the authority of Dove § 335
and Johnston (A. K., of Edinburgh), across Europe and

1 Plate VIII
1
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Asia, for the sake of comparison. The isotherm of 65
skirts the northern limits of the sugar-cane, and separates
the inter-tropical from the extra-tropical plants and pro-
ductions. I have drawn these two lines across America,
and the result shows how much we err when we reckon
climates accord to parallels of latitude, The space that
these two isotherms of 45° and 65° comprehend between
the Mississippi and the Rocky Mountains, owing to the
singular effect of those mountains upon the climate, is
larger than the space they comprehend between the Mis-
sissippi and the Atlantic.

Hyetographically it is also different, being dryer, and
possessing a purer atmosphere. In this grand range of
climate between the meridians of 100° and 110> W., the
amount of precipitation is just about one half of what it is
between those two isotherms east of the Mississippl. " In
this new"country west of it, winter is the dry, and spring
the rainy season. It includes the climates of the Caspian
Sea, which Humboldt regards as the most salubrious in
the world, and where he found the most delicions fruits
that he saw during his travels. Such was the purity of
the air there, that polished steel would not tarnish even
by night exposure. These two isotherms, with the re-
markable loop which they make to the north-west, beyond
the Mississippi, embrace the most choice climates for the
olive, the vine, and the poppy ; for the melon, the peach,
and almond. The finest of wool may be grown there,
and the potato, with hemp, tobacco, maize, and all the
cereals, may be cultivated there in great perfection. No
climate of the temperate zone will be found to surpass in
salubrity that of this Piedmont trans-Mississippi country.




MAGNETISM AND CIRCULATION OF THE ATMOSPHERE. 147

By such_trains of thought and reasoning as are here cuarres
sketched, and by such facts and circumstances as are ——
stated above, I have been brought to regard the extra- § 336

Extra-tro-

~ tropical regions of the northern hemisphere as standing in Powlo
the relation of a condenser to a grand steam machine, the g——
boiler of which is in the region of the south-east trade- e
winds, and to consider the trade-winds of this hemisphere plest
as performing the like office for the regions beyond Capri- ﬁ'mu.
COTTL.

The calm zone of Capricorn is the duplicate of that of g g37
Cancer, and the winds flow from it as they do from that, cam
both north and south ; but with this difference : that on ="
the polar side of the Capricorn belt they prevail from the
north-west instead of the south-west, and on the equa-
torial side from the south-east instead of the north-east.

Now, if it be true that the vapour of the north-east § 338
trade-winds is condensed in the extra-tropical regions of e iy

the southern hemisphere, the following path, on account of portion or
the effect of diurnal rotation of the earth upon the course e
of the winds, would represent the mean circuit of a por-

tion of the atmosphere moving according to the general
system of its eirculation over the Pacific Ocean, namely,
coming down from the north as an upper current, and
appearing on the surface of the earth in about longitude

120° west, and near the tropic of Cancer, it woula here
commence to blow the north-east trade-winds of that
region.

To make this clear, see Plate VIIL., on which I have g 339
marked the course of such vapour-bearing winds ; A being course of
a breadth or swath of winds in the north-east trades; B, vearins
the same wind as the upper and counter-current to the el

1 g168.
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emarrre gouth-east trades; and C, the same wind after it hag
= descended in the calm belt of Capricorn, and come out on
the polar side thereof, as the rain-winds and prevailing
north-west winds of the extra-tropical regions of the
south-western hemisphere. '

§340 This, as the north-east trades, is the evaporating wind.
Narth-cast As the north-east trade-wind, it sweeps over a great waste
wine  of waters lying between the tropic of Cancer and the

equator.

§341 Meeting no land in this long oblique track over the
uswoute. tepid waters of a tropical sea, it would, if such were its

route, arrive somewhere about the meridian of 140° or
150° west, at the belt of equatorial calms, which always
divides the north-east from the south-east trade-winds,
Here, depositing a portion of its vapour as it ascends, it
would, with the residuum, take, on account of diurnal
rotation, a course in the upper region of the atmosphere
to the south-east, as far as the calms of Capricorn. Here
it descends and continues on toward the coast of South
Ameriea, in the same direction, appearing now as the pre-
vailing north-west wind of the extra-tropical regions of
the southern hemisphere. Travelling on the surface from
warmer to colder regions, it must, in this part of the eir-
cuit, precipitate more than it evaporates.

g 342 Now, it is a coincidence, at least, that this is the route
coineid- by which, on account of the land in the northern hemi-
““  sphere, the north-east trade-winds have the fairest sweep

over that ocean. This is the route by which they are
longest in contact with an evaporating surface; the
route by which all circumstances are most favourable to
complete saturation ; and this is the route by which they
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can pass over into the southern hemisphere most heavily cuarren
laden with vapours for the extra-tropical regions of that ——
half of the globe; and this is the supposed route which
the north-east trade-winds of the Pacific take to reach
the equator, and to pass from it.

Accordingly, if this process of reasoning be good, that § 343
portion of South America between the calms of Capricorn R!g‘hﬂ of
and Cape Horn, upon the mountain ranges of which this on. -
part of the atmosphere, whose circuit I am considering as
a type, first impinges, ought to be a region of copious
precipitation.

Now, let us turn to the works on Physical Geography, § 344
and see what we can find upon this subject. In Berghaus rstagouia.
and Johnston—department Hyetography—it is stated,
on the authority of Captain King, R.N., that upward of
twelve feet (one hundred and fifty-three inches) of rain fell
in forty-one days on that part of the coast of Patagonia
which lies within the sweep of the winds just described.

So much rain falls there, navigators say, that they some-
times find the water on the top of the sea fresh and sweet.

After impinging upon the cold hill-tops of the Pata- § 345
gonian coast, and passing the snow-clad summits of the e
Andes, this same wind tumbles down upon the eastern inBuenss
slopes of the range as a dry wind; as such, it traverses e
the almost rainless and barren regions of cis-Andean Pata-
gonia and South Buenos Ayres.

These conditions, the direction of the prevailing winds, § 346
and the amount of precipitation, may be regarded as evi- Ivideace
dence afforded by nature, if not in favour of, certainly not of conjee-
against, the conjecture that such may have been the -
voyage of this vapour through the air. At any rate,
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enarrer. here is proof of the immense quantity of vapour which

2 these winds of the extra-tropical regions carry along with

them toward the poles; and I can imagine no other place
than that suggested, whence these winds could get so
much vapour.

Theorr. I am not unaware of the theory, or of the weight
attached to it, which requires precipitation to take place
in the upper regions of the atmosphere on account of the
cold there, irrespective of proximity to mountain tops and
snow-clad hills.

§347  But the facts and conditions developed by this system
Fuctairre- of research upon the high seas are in many respects irre-
Sa i concileable with that theory. With a new system of facts

before me, I have, independent of all preconceived notions
and opinions, set about to seek among them for explana-
tions and reconciliations.

§348  These may not in all cases be satisfactory to every one;
towdo  indeed, notwithstanding the amount of circumstantial evi-

the cur-

rentsof  dence that has already been brought to show that the air
each other which the north-east and the south-east trade-winds
discharge into the belts of equatorial calms, does, in
ascending, eross—that from the southern passing over
into the northern, and that from the northern passing
over into the southern hemisphere (see I and G, B and
C, Plate L)—yet some have implied doubt by asking the
question, “ How are two such currents of air to pass each
other?” And, for the want of light upon this point, the
correctness of reasoning, facts, inferences, and deductions

have been questioned.
§349 In the first place, it may be said in reply, the belt of

Dreadth of

calm belt, ©quatorial ealms is often several hundred miles across,
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seldom less than sixty ; whereas the depth of the volume cuarres
of air that the trade-winds pour into it is only about three
miles, for that is supposed to be about the height to which of .
the trade-winds extend. o
Thus we have the air passing into these calms by an § 350
opening on the north side for the north-east trades, and cotamns

another on the south for the south-east trades, having a prbsr§
cross section of three miles vertically to each opening. It ::;:;hr.

then escapes by an opening upward, the cross section of gmer

which is sixty or one hundred, or even three hundred
miles, A very slow motion upward there will carry off
the air in that direction as fast as the two systems of
trade-winds, with their motion of twenty miles an hour,
can pour it in; and that curds or columns of air can
readily cross each other and pass in different directions
without interfering the one with the other, or at least to
that degree which obstructs or prevents, we all know.

For example, open the window of a warm room in § 351
winter, and immediately there are two currents of air v
ready at once to set through it, namely, a current of warm
air flowing out at the top, and one of cold coming in below.

But the brown fields in summer afford evidence on a § 352
larger scale, and in a still more striking manner, of the Sctking
fact that, in nature, columns, or streamlets, or curdles of
air do really move among each other without obstruetion.
That tremulous motion which we so often observe above
stubble-fields, barren wastes, or above any heated surfuce,
is caused by the ascent and descent, at one and the same
time, of columns of air at different temperatures, the cool
coming down, the warm going up. They do not readily
commingle, for the astronomer, long after nightfall, when
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ensrten he turns his telescope upon the heavens, perceives and
VL.
—— laments the unsteadiness they produce in the sky.
§353  If the air brought down by the north-east trade-winds
Piterence differ in temperature (and why not?) from that brought

peratare by the south-east trades, we have the authority of nature

winds  for saying that the two currents would not readily com-

would pre=

veat them. mingle. Proof is daily afforded that they would not, and

wmgling. there is reason to believe that the air of each current, in
streaks, or patches, or curdles, does thread its way through
the air of the other without difficulty. Now, if the air of
these two currents differs as to magnetism, might not that
be an additional reason for their not mixing, and for their
taking the direction of opposite poles after ascending ?

§ 354  Therefore we may assume it as a postulate which nature
g concedes, that there is no difficulty as to the two currents

of air, which come into those calm belts from different
directions, crossing over, each in its proper direction, with-
out mingling.

§355  Thus, having shown that there is nothing to prevent
Aaattional the crossing of the air in these calm belts, I return to
St Shey the process of reasoning by induction, and offer additional

circumstantial evidence to prove that such a crossing does
talke place. Let us therefore catechise, on this head, the
waters which the Migsissippi pours into the sea, inquiring
of them as to the thannels among the clouds through
which they were brought from the ocean to the fountains
of that mighty river.

§356 It rains more in the valley drained by that river than
B is evaporated from it again. The difference for a year is
valey.  the volume of water annually discharged by that river

into the sea’

' § 165,
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At the time and place that the vapour which supplies caaeren
this immense volume of water was lifted by the atmos-
phere up from the sea, the thermometer, we may infer, $ 357
stood higher than it did at the time and place where this
vapour was condensed and fell down as rain in the Mis-
sissippi Valley.

I looked to the south for the springs in the Atlantic § 358
which supply the fountains of this river with rain. But o
I could not find spare evaporating surface enough for it, come from
in the first place ; and if the vapour, I could not find the
winds which would convey it thence to the right place.

The prevailing winds in the Caribbean Sea and southern § 359

parts of the Gulf of Mexico are the north-east trade-winds.
They have their offices to perform in the river basins of
inter-tropical America, and the rains which they may
discharge into the Mississippi Valley now and then are
exceptions, not the rule.

The winds from the north cannot bring vapours from § gnn
the great lakes to make rains for the Mississippi, for two tt cannot
reasons : 1sf, The basin of the great lakes receives from ;?:un:r:"
the atmosphere more water in the shape of rain than they ——
give back in the shape of vapour. The St. Lawrence
River carries off the excess. 2d, The mean climate of
the lake country is colder than that of the Mississippi
Valley, and therefore, as a general rule, the temperature
of the Mississippi Valley is unfavourable for condensing
vapour from that quarter.

It cannot come from the Atlantic, because the greater g gq
part of the Mississippi Valley is to the windward of the Nor rom

Atlantic. The winds that blow across this ocean go {0 ue
Europe with their vapours; and in the Pacific, from the
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cuavrsa parallels of California down to the equator, the direction
2= of the wind at the surface is from, not toward the basin
of the Mississippi. Therefore it seemed to be established
with some degree of probability, or, if that expression be
too strong, with something like apparent plausibility, that
the rain winds of the Mississippi Valley do not, as a
general rule, get their vapours from the North Atlantic
Ocean, nor from the Gulf of Mexico, nor from the great
lakes, nor from that part of the Pacific Ocean over which

the north-east trade-winds prevail.

§362 The same process of reasoning which conducted us'
Wemust into the trade-wind region of the northern hemisphere for
ok to
South the sources of the Patagonian rains, now invites us into

the trade-wind regions of the South Pacific Ocean to look
for the vapour springs of the Mississippi.

§363 If the rain winds of the Mississippi Valley come from
Ressons  the east, then we should have reason to suppose that their

vapours were taken up from the Atlantic Ocean and Gulf
Stream ; if the rain winds come from the south, then the
vapour springs might, perhaps, be in the Gulf of Mexico;
if the rain winds come from the north, then the great
lakes might be supposed to feed the air with moisture for
the fountains of that river; but if the rains come from
the west, where, short of the great Pacific Ocean, should
we look for the place of evaporation ?

Wondering where, I addressed a circular letter to
farmers and planters of the Mississippi Valley, requesting
to be informed as to the direction of their rain winds.

§364 I received replies from Virginia, Mississippi, Tennessee,
Dinaslian Missouri, Indiana, and Ohio ; and, subsequently, from Col
winds. W, A Bird, Buffalo, New York, who says, “The south-

1§ B2,
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west winds are our fair-weather winds; we seldom have caarren
rain from the south-west.” Buffalo may get much of its B
rains from the Gulf Stream with easterly winds. But T syewinge
speak of the Mississippi Valley ; all the respondents there, """ ™"
with the exception of one in Missouri, said, “The south-

west winds bring us our rains.”

These winds certainly cannot get their vapours from § 365
the Rocky Mountains, nor from the Salt Lake, for they e
rain quite as much upon that basin as they evaporate Whg—n
from it again ; if they did not, they would, in the process Lakeor
of time, have evaporated all the water there, and the i
lake would now be dry.

These winds, that feed the sources of the Mississippi § 366
“with rain, like those between the same parallels upon the i I
ocean, are going from a higher to a lower temperature ; e
and these winds in the Mississippi Valley, not being in alower
contact with the ocean, or with any other evaporating e
‘surface to supply them with moisture, must bring with
them from some sea or another that which they deposit.

Therefore, though it may be urged, inasmuch as the § 567
winds which brought the rains to Patagonia'came direct
from the sea, that they therefore took up their vapours
as they came along, yet it cannot be so urged in this
case ; and if these winds could pass with their vapours
from the equatorial calms through the upper regions of
the atmosphere to the calms of Cancer, and then as surface
winds into the Mississippi Valley, it was not perceived
why the Patagonian rain winds should not bring their
moisture by a similar route, These last are from the
north-west, from warmer to colder latitudes; therefore,

being once charged with vapours, they must precipitate

1§ 344,
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smarrer as they go, and take up less moisture than they deposit.

vi.
Altertiu-
tiom of
ralny
and dry
BEASONS.

The circumstance that the rainy season in the Mississippi
Valley' alternates with the dry season on the coast of
California and Oregon, indicates that the two regions
derive vapour for their rains from the same fountains,

§368 This, however, could be regarded only as circumstantial

§ 369

evidence. Not a fact had yet been elicited to prove that
the course of atmospherical circulation suggested by my
investigations is the actual course in nature. It is a case
in which I could yet hope for nothing more direct than
such conclusions as might legitimately flow from circum-
stances,

My friend Lieutenant De Haven was about to sail in

oo command of the American Arctic Expedition in search of

Al ax=
pedition.

Infasorin

§ 370

Sir John Franklin. Infusoria are sometimes found in sea-
dust, rain-drops, hail-stones, or snow-flakes; and if by
any chance it should so turn out that the locus of any of
the microscopic infusoria which might be found descending
with the precipitation of the Arctic regions should be
identified as belonging to the regions of the south-east
trade-winds, we should thus add somewhat to the strength
of the many clews by which we have been seeking to
enter into the chambers of the wind, and to “ tell whence
it cometh and whither it goeth.”

It is not for man to follow the “wind in his circuits;”
and all that could be hoped was, after a close examination
of all the facts and circumstances which these researches
upon the sea have placed within my reach, to point out
that course which seemed to be most in accordance with
them ; and then, having established a probability, or even
a possibility, as to the true course of the atmospheric

1§ 330,




MAGNETISM AND CIRCULATION OF THE ATMOSPHERE. 157

circulation, to make it known, and leave it for future omarTen

investigations to confirm or set aside. B
It was at this stage of the matter that my friend, § 371

Baron von Gerolt, the Prussian minister, had the kindness Ciew

to place in my hand Ehrenberg’s work, “Passat-Staub E::.im
und Blut-Regen.” i

Here I found the clew which I hoped, almost against
hope, De Haven would place in my hands' from the north
pole.

That celebrated microscopist reports that he found g 372
South American infusoria in the blood-rains and sea-dust i
of the Cape Verd Islands, Lyons, Genoa, and other places’ aust

Thus confirming, as far as such evidence can, the indi- § 373
cations of our observations, and increasing the probability Increased

probabi-
that the general course of atmospherical circulation is in lity tut
conformity with the suggestions of the facts gathered winds
from the sea as I had interpreted them, namely, that the camsor
trade-winds of the southern hemisphere, after arriving at """
the belt of equatorial calms, ascend and continue in their
course toward the calms of Cancer as an upper current
from the south-west, and that, after passing this zone of
calms, they are felt on the surface as the prevailing south-
west winds of the extra-tropical parts of our hemisphere ;
and that, for the most part, they bring their moisture
with them from the trade-wind regions of the opposite
hemisphere.

I have marked on Plate VII. the supposed track of the § 374
“ Passat-Staub,” showing where it was taken up in South Supposed
America, as at P, P, and where it was found, as at 8, S; e
the part of the line in dots denoting where it was in the
upper current, and the unbroken line where it was wafted

1§ 560, * § 273
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anarres by a surfuce current ; also on the same plate is designated
2 the part of the South Pacific in which the vapour-springs
for the Mississippi rains are supposed to be. The hands
(¢z) point out the direction of the wind. Where the
shading is light, the vapour is supposed to be carried by

an upper current.

§875 Such is the character of the circumstantial evidence
Supicion which induced me to suspect that some agent, whose
i‘;ﬁi office in the grand system of atmospherical circulation is

neither understood nor recognised, was at work in these
calm belts.

§376  Dr, Faraday has shown that, as the temperature of
ML oxygen is raised, its paramagnetic force diminishes, being

resumed as the temperature falls again.

“These properties it carries into the atmosphere, so
that the latter is, in reality, a magnetic medium, ever
varying, from the influence of natural circumstances, in
its magnetic power. If a mass of air be cooled, it be-
comes more paramagnetic ; if heated, it becomes less para-
magnetic (or diamagnetic), as compared with the air in a
mean or normal condition.” *

§377 Now, is it not more than probable that here we have,
lyshes in the magnetism of the atmosphere, that agent which
magme: . guides the air from the south' through the calms of Capri-
sgent.  corm, of the equator, and of Cancer, and conducts it into

the north ; that agent which causes the atmosphere, with
its vapours and infusoria, to flow above the clouds from
one hemisphere into the other, and whose footprints had
become so palpable ?

* Philosophical Magazine and Journal of SBcience, 4th Series, No. L., January,
1851, page T3.

‘QBTS.
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Taking up the theory of Ampére with regard to the cairrse

VI

magnetic polarity induced by an electrical current, accord- ——
ing as it passes through wire coiled with or coiled against §378
the sun, and expanding it in conformity with the dis- Ampere
coveries of Faraday and the experiments of a Prussian
philosopher,”® we perceive a series of facts’and principles

which, being applied to the circulation of the atmosphere,

make the conclusions to which I have been led touching

these crossings in the air, and the continual “ whirl” of

the wind in the Arctic regions against, and in the Ant- Sgaitcent
arctic with the hands of @ watch, very significant.

In this view of the subject, we see light springing up § 379
from wvarious sources, by which the shadows of approach-
ing confirmation are clearly perceived. One such source
of light comes from the observations of my excellent homing
friend Quetelet, at Brussels, which show that the great m:u
electrical reservoir of the atmosphere is in the upper re-
gions of the air. It is filled with positive electricity,
which inereases as the temperature diminishes.

May we not look, therefore, to find about the north and § 380
south magnetic poles these atmospherical nodes or calm Siwposed
regions which I have theoretically pointed out there? In mh:
other words, are not the magnetic poles of the earth in
those atmospherical nodes, the two standing in the rela-
tion of cause and effect, the one to the other?

This question was first asked several years ago,+ and
I was then moved to propound it by the inductions of
theoretical reasoning.

Observers, perhaps, will never reach those inhospitable § 381

* Professor Von Peilitzsch, of the University of Griefswald. Philosophical

Magazine, January, 1851.
+ Maury's Sailing Directions,
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regions with their instruments to shed light upon this
subject ; but Parry and Barrow have found reasons to
believe in the existence of a perpetual calm about the
north pole, and, later, Bellot has reported the existence
of a calm region within the frigid zone. Professor J. H.
Coffin, in an elaborate and valuable paper* on the
“WINDS oF THE NORTHERN HEMISPHERE,” arrives by
deduction at a like conclusion. In that paper he has
discussed the records at no less than five hundred and
seventy-nine meteorological stations, embracing a totality
of observations for two thousand eight hundred and
twenty-nine years. He places his “ meteorological pole”
—pole of the winds—near latitude 84° north, longitude
105° west. The pole of maximum cold, by another school
of philosophers, Sir David Brewster among them, has been
placed in latitude 80° north, longitude 100° west; and

‘the magnetic pole, by still another school,} in latitude 78°

345 north, longitude 95° 39" west.

Neither of these poles is a point susceptible of definite
and exact position. The polar calms are no more a point
than the equatorial calms are a line ; and, considering that
these poles are areas or discs, not points, it is a little
curious that philosophers in different parts of the world,
using different data, and following up investigation each
through a separate and independent system of research,
and each aiming at the solution of different problems,
should nevertheless agree in assigning very nearly the
same position to them all? Are these three poles grouped
together by chance, or by some physical cause? By the

* Smithsonian Contributions to Knowledge, vol. vi., 1854,
+ (tauss.
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latter undoubtedly. Here, then, we have another of those cmarren

gossamer-like clews, that sometimes seem almost palpable ——
enough for the mind, in its happiest mood, to lay hold of, * ™
and follow up to the wvery portals of knowledge, where,
pausing to knock, we may boldly demand that the cham-

bers of hidden things be thrown wide open, that we may

see and understand the mysteries of the winds, the frost,

and the trembling needle.

In the polar calms there is'an ascent of air; if an g ggs
ascent, a diminution of pressure and an expansion ; and relstion
if expansion, a decrease of temperature. Therefore we :-d'.;:“u
have palpably enough a connecting link here between the
polar calms and the polar place of maximum cold. Thus
we establish a relation between the pole of the winds and
the pole of cold, with evident indications that there is
also a physical connection between these and the mag-
netic pole. Here the outeroppings of the relation between
magnetism and the circulation of the atmosphere again
appear.

May we not find in such evidence as this threads, § 384
attenuated and almost air-drawn though they be when n'm
taken singly and alone, yet nevertheless proving, when b
brought together, to have a consistency sufficient, with the wi
the lights of reason, to guide us as we seek to trace the
wind in his circuits? The winds approach these polar Winds
calms® by a circular or spiral motion, travelling in the povr:rm
northern hemisphere against, and in the southern with, :':;T:um
the hands of a watch. The circular gales of the northern ™
hemisphere are said also to revolve in like manner against
the hands of a watch, while those in the southern hemi-
sphere travel the other way. Now, should not this dis-

B RN P




162 THE PHYSICAL GEOGRAPHY OF THE SEA.

cmarren covery of these three poles, this coincidence of revolving

VI

— winds, with the other circumstances that have been

Encour-

agement  Drought to light, encourage us to look to the magnetism
:.f.:;:t." of the air for the key to these mysterious but striking
amse — coincidences?

§385 Indeed, so wide is the field for speculation presented
o by these discoveries, that we may in some respects regard.

this great globe itself, with its “cups” and spiral wires
of air, earth, and water, as an immense “ pile” and helix,
which, being excited by the natural batteries in the sea
and atmosphere of the tropics, excites in turn its oxygen,
and imparts to atmospherical matter the properties of
magnetism.

§386 With the lights which these discoveries cast, we see
Sapposed  (Plate 1.) why air, which has completed its circuit to the
magnet-  whirl* about the Antarctic regions, should then, according
thetrade- to the laws of magnetism, be repelled from the south, and

attracted by the opposite pole toward the north.

§ 887  And when the south-east and the north-east trade-winds
meet in the equatorial calms of the Pacific, would not
these magnetic forces be sufficient to determine the course
of each current, bringing the former, with its vapours of
the southern hemisphere, over into this, by the courses
already suggested ?

§388 This force, and the heat of the sun, would propel it to
the north. The diurnal rotation of the earth propels it
to the east; consequently its course, first through the
upper regions of the atmosphere and then on the surface
of the earth, after being conducted by this newly-disco-
vered agent across the calms of Cancer, would be from

® “ It whirleth about continually."”—BIBLE.
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the southward and westward to the northward and east- cmarrea
ward. Ko

These are the winds' which, on their way to the north g 389
from the South Pacific, would pass over the Mississippi s
Valley, and they appear’ to be the rain winds there. Mississippi
Whence, then, if not from the trade-wind regions of the vl
South Pacific, can the vapours for those rains come?

According to this view, and not taking into account § 390
any of the exceptions produced by the land and other South-eant
circumstances upon the general circulation of the atmo-
sphere over the ocean, the south-east trade-winds, which
reach the shores of Brazil near the parallel of Rio, and
which blow thence for the most part over the land,
should be the winds which, in the general course of
circulation, would be carried, after crossing the Andes
and rising up in the belt of equatorial calms, toward
Northern Africa, Spain, and the South of Europe.

They might carry with them the infusoria of Ehrenberg§ 391
but, according to this theory, they would be wanting in
moisture. Now, are not those portions of the Old World,

‘for the most part, dry countries, receiving but a small
amount of precipitation ?

Hence the general rule. Those countries to the north § 392
of the calms of Cancer, which have large bodies of land General
situated to the southward and westward of them, in the
south-east trade-wind region of the earth, should have a
scanty supply of rain, and vice versa.

Let us try this rule: The extra-tropical part of New § 393
Holland comprises a portion of land thus situated in the Apviiea-
southern hemisphere. Tropical India is to the northward rue
and westward of it; and tropical India is in the north-

1 §181 * § 364, s § 273,
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emarrer east trade-wind region, and should give extra-tropical

VI

— New Holland a slender supply of rain. But what modi-

[
in

§ 394
Great pro-
bability
thut mag-
netism is

se=t moist and the dry air each in its appointed paths, and

fications the monsoons of the Indian Ocean may make to
this rule, or what effect they may have upon the rains
in New Holland, my investigations in that part of the
ocean have not been carried far enough for final decision,
though New Holland is a dry country. Referring back
to page 80 for what has been already said concerning
the “ METEOROLOGICAL AGENCIES™ of the atmosphere, it
will be observed that cases are there brought forward
which afford trials for this rule, every one of which holds
good.

Thus, though it be not proved as a mathematical truth
that magnetism is the power which guides the storm from
right to left and from left to right, which conducts the

sheriell which regulates the “wind in his circuits,” yet that it

§ 395

is such a power is rendered very probable; for, under the
supposition that there is such a crossing of the air at the
five calm places, as Plate I. represents, we can reconcile a
greater number of known facts and phenomena than we
can under the supposition that there is no such crossing.
The rules of scientific investigation always require us,
when we enter the domains of conjecture, to adopt thet
hypothesis by which the greatest number of known facts
and phenomena may be reconciled ; and, therefore, we are
entitled to assume, that this crossing probably does take
place, and to hold fast to the theory so maintaining until
it is shown not to be sound.”

That the magnetism of the atmosphere is the agent
which guides the air across the calm belts, and prevents

1§ 150, + g 13,
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that which enters them from escaping on the side upon cmirres
which it entered, we cannot, of our own knowledge, i f
positively affirm. Suffice it to say, that we recognise in e
this property of the oxygen of air an agent that, for aught perem
we as yet know to the contrary, may serve as such a guide ; Jyea®
and we do not know of the existence of any other agent

in the atmosphere that can perform the offices which the

- hypothesis requires. Hence the suspicion that magnetism

and electricity are among the forces concerned in the cir-

culation of the atmosphere.
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CHAPTER VIL

CURRENTS OF THE SEA.

Governed by Laws, § 306.—The Capacity of Water to convey Heat, 300.—The
Red Bea Current, 404,—The per centum of Salt in Sea Water, 418.—The
Mediterranean Current, 423.—Under Current from, 424.—Admiral Smyth's
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blance to that of the Atlantic, 442.—An ice-bearing Current between Africa
and Australia, 449.—Currents of the Pacifie, 451.—A Sargossa Bea in the
Pacifie, 452.—Drift-wood upon the Aleutian Islands, 453.—Cold Ochotsk, 454.
—Humboldt's Carrent, 455.—Warm Current in the Bouth Pacific, 456, —Equa-
torial Currents in the Bouth Pacifie, 458, —The Effect of Rain and Evaporation
upon Currents, 450.—Under Currents of the Atlantie, 461.—Equilibrium of
the Sea maintained by Currents, 467.—The Brazil Current, 460.

cmarrer LET us, in this chapter, set out with the postulate that

T the sea, as well as the air, has its system of circulation,

cnﬁﬁgﬁ and that this system, whatever it be, and wherever its

ofthesea. ohannels lie, whether in the waters at or below the sur-

face, is in obedience to physical laws. The sea, by the

circulation of its waters, doubtless has its offices to per-

form in the terrestrial economy ; and when we see the

currents in the ocean running hither and thither, we feel

Fige iy that they were not put in motion without a cause. On the

encetothe CONLTATY, TeASOL ASSures us that they move in obedience

natwre,  to some law of nature, be it recorded down in the depths

below, never so far beyond the reach of human ken; and

being a law of nature, we know who gave it, and that

neither chance nor accident had anything to do with its
enactment.

§3097 Nabure grants us all that this postulate demands, re-

peating it to us in many forms of expression ; she utters
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it in the blade of green grass which she causes to grow in omarres
climates and soils made kind and genial by warmth and E
moisture that some current of the sea or air has ecmveyed pmclllm
far away from under a tropical sun. She murmurs it out
in the eooling current of the north ; the whales of the sea
tell of it and all its inhabitants proclaim it.
The fauna and the flora of the sea are as much the g 398

- creatures of climate,’and are as dependent for their well- carp o
being upon temperature as are the fauna and the flora of uh.hanal
the dry land. Were it not so, we should find the fish dam.on

and the alg, the marine insect and the coral, distributed oo
equally and alike in all parts of the ocean. The polar e .
whale would delight in the torrid zone, and the habitat
of the pearl oyster would be also under the iceberg, or in
frigid waters colder than the melting ice.

Now water, while its capacities for heat are scarcely § 399
exceeded by those of any other substance, is one of the Waters
most complete of non-conductors, Heat does not per- ductor.
meate water as it does iron, for instance, or other good
conductors. Heat the top of an iron plate, and the bottom
becomes warm; but heat the top of a sheet of water, as
in a pool or basin, and that at the bottom remains cool
The heat passes through iron by conduction, but to get
through water it requires to be conveyed by a motion,
which in fluids we call currents.

Therefore the study of the climates of the sea involves § 400
a knowledge of its currents, both cold and warm. They foyonar s
are the channels through which the waters ecirculate, and ;"".:;':::,
by means of which the harmonies of old ocean are pre- it
served. climntes of

Hence, in studying the system of oceanic circulation, § 401

the sen

1 §o0. 2476
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cemarree we set out with the very simple assumption, namely, that

™ from whatever part of the ocean a current is found to
dmon run, to the same part a current of equal volume is bound
vast e to return; for upon this principle is based the whole sys-

watem & tem of currents and counter-currents of the air as well as
of the water.
§402 Currents of water, like currents of air, meeting from
m:l various directions, create gyrations, which in some parts
of the sea, as on the coast of Norway, assume the appear-
ance of whirlpools, as though the water were drawn into
a chasm below. The celebrated Maelstrom is caused by
such a conflict of tidal or other streams. Admiral
Beechey, R.N.,* has given diagrams illustrative of many

Rotstory  “ rotatory streams in the English Channel, a number of

o e which occur between the outer extremities of the channel
tide and the stream of the oceanic or parent wave.” “ They
are clearly to be accounted for,” says he, “ by the streams
acting obliquely upon each other.”

§403 It is not necessary to associate with oceanic currents
Currents  the idea that they must of necessity, as on land, run from
snrmuaut g higher to a lower level. So far from this being the

case, some currents of the sea actually run up hill, while
ot «  others Tun on a level.
oest  The Gulf Stream is of the first class.’

§404 The currents which run from the Atlantic into the

Those run- Med.lt-emnea.n, and from the Indian Ocean into the Red

ning Into

the Red  Sea, are the reverse of this, Here the bottom of the cur-

Bea and

Mediter- rent is probably a water-level, and the top an inclined

ranean are

tereverss plane, running down hill. Take the Red Sea current as

* See an interesting paper by him on Tidal Streams of the North Sea and
English Channel, pp. 703; Phil. Transactions, Part ii., 1851.
180,




CURRENTS OF THE SEA. 169

an illustration. That sea lies, for the most part, within cuarren
o rainless and riverless district. It may be compared to ——
a long and narrow trough. Being in a rainless district, -
the evaporation from it is immense; none of the water

thus taken up is returned to it either by rivers or rains,

It is about one thousand miles long; it lies nearly north Tisssasad
and south, and extends from latitude 13° to the parallel

- of 80° north.

From May to October, the water in the upper part of § 403
this sea is said to be two feet lower than it is near the Difference
mouth.* This change or difference of level is aseribed to
the effect of the wind, which, prevailing from the north
at that season, is supposed to blow the water out.

But from May to October is also the hot season; it is § 406
the season when evaporation is going on most rapidly; [mmer
and when we consider how dry and how hot the winds tion
are which blow upon this sea at this season of the year,
we may suppose the daily evaporation to be immense;
not less, certainly, than half an inch, and probably twice
that amount. We know that the waste from canals by
evaporation, in the summer time, is an element which
the engineer, when taking the capacity of his feeders into
caleulation, has to consider. With him it is an important
element; how much more so must the waste by evapora-
tion from this sea be, when we consider the physical con-
ditions under which it is placed. Its feeder, the Arabian [g®7
Sea, is a thousand miles from its head; its shores are Ho™*
burning sands; the evaporation is ceaseless; and none of
the vapours, which the scorching winds that blow over it
carry away, are returned to it again in the shape of rains,

* Johnston's Physical Atlas.




170 THE PHYSICAL GEOGRAPHY OF THE SEA.

onsrrse  The Red Sea vapours are carried off and precipitated

T elsewhere. The depression in the level of its head waters
Cuf::,'? in the summer time, therefore, it appears, is owing to the
ey, effect of evaporation as well as to that of the wind blow-

ing the waters back.

§408 The evaporation in certain parts of the Indian Ocean'
Swposed s from three-fourths of an inch to an inch daily. Suppose
evpora- it for the Red Sea in the summer time to average only
tion,

half an inch a day.

§409 Now, if we suppose the velocity of the current which

AT TUNS into that sea to average, from mouth to head twenty

p— miles a day, it would take the water fifty days to reach

moit.  the head of it. If it lose half an inch from its surface
by evaporation daily, it would, by the time it reaches
the Isthmus of Suez, lose twenty-five inches from its
surface.

§410  Thus the waters of the Red Sea ought to be lower at
Jta waters the Isthmus of Suez than they are at the Straits of Babel-
swesthan mandeb. Independently of the waters forced out by the
deb. wind, they ought to be lower from two other causes,

namely, evaporation and temperature, for the temperature
of that sea is mnecessarily lower at Suez, in latitude 30°,
than it is at Babelmandeb, in latitude 13°

§411 To make it quite clear that the surface of the Red
Howtri- Sea is not a sea level, but is an inclined plane, suppose

the channel of the Red Sea to have a perfectly smooth
and level floor, with no water in it, and a wave ten feet
high to enter the Straits of Babelmandeb, and to flow up
the channel at the rate of twenty miles a day for fifty
days, losing daily, by evaporation, half an inch; it is easy
to perceive that, at the end of the fiftieth day, this wave

T §33
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would not be so high, by two feet (twenty-five inches), as cmarrsn
it was the first day it commenced to flow. —
The top of that sea, therefore, may be regarded as an § 412
inclined plane, made so by evaporation.
But the salt water, which has lost so much of its fresh- § 413
ness by evaporation, becomes salter, and therefore heavier.
The lighter water at the Straits cannot balance the heavier
. water at the Isthmus, and the colder and salter, and there-
fore heavier water, must either run out as an under cur-
rent, or it must deposit its surplus salt in the shape of
crystals, and thus gradually make the bottom of the Red
Sea a salt-bed, or it must abstract all the salt from the
ocean to make the Red Sea brine—and we know that
neither the one process nor the other is going on. Hence M=

of an

we infer that there is from the Red Sea an under or outer ™
current, as there is from the Mediterranean through the from e
Straits of Gibraltar, and that the surface waters near
Suez are salter than those near the mouth of the Red
Sea.

And, to show why there should be an outer and under § 411
current from each of these two seas, let us suppose the Must-

tion of
case of a long trough, opening into a vat of oil, with a _— el
partition to keep the oil from running into the trough. reats
Now suppose the trough to be filled up with wine on
one side of the partition to the level of the oil on the
other. The oil is introduced to represent the lighter
water as it enters either of these seas from the ocean,
and the wine the same water after it has lost some of its
freshness by evaporation, and therefore has become salter
and heavier. Now suppose the partition to be raised,
what would take place? Why, the oil would run in as
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omapren an upper current, overflowing the wine, and the wine
™ would run out as an under current.

§415 'The rivers which discharge in the Mediterranean are
Besatifel 101, sufficient to supply the waste of evaporation, and it

Efn% is by a process similar to this that the salt which is car-
p|:|;trr:‘lli- ried in from the ocean is returned to the ocean again;
wumot Were it not so, the bed of that sea would be a mass of

' the seas.

solid salt. The equilibrium of the seas is preserved,
beyond a doubt, by a system of compensation as exqui-
sitely adjusted as are those by which the “ music of the
spheres” is maintained. *
s416 It is difficult to form an adequate conception of the
immense quantities of solid matter, in solution, which the
. current from the Atlantic carries into the Mediterranean,
In the abstract log for March 8th, 1855, Mr. William
Grenville Temple, master of the United States ship Levant,
homeward bound, has deseribed the indraught there:
Extreck “ Weather fine; made 1} pt. lee-way. At noon,
s snip 8tood in to Almiria Bay, and anchored off the village of
—_ Roguetas. Found a great number of vessels waiting for
a chance to get to the westward, and learned from them
that at least a thousand sail are weather-bound between
this and Gibraltar. Some of them have been so for six
weeks, and have even got as far as Malaga, only to
be swept back by the current. Indeed, no vessel has
been able to get out into the Atlantic for three months
past.”
$417 Now, suppose this current, which baffled and beat
swong  back this fleet for so many days, ran no faster than two
wthe  knots the hour. Assuming its depth to be 400 feet only,

Mediter.
raesn.  and its width seven miles, and that it carried in with it
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the average proportion of solid matter—say one thirtieth caarren
——contained in sea water; and admitting these postu- e
lates into caleulation as the basis of the computation, it o

amount of

appears that salts enough to make no less than 88 cubie s cur-
miles of solid matter, of the density of water, were car- fusear.’
ried into the Mediterranean during these 90 days. Now, ™*
unless there were some escape for all this solid matter,

which has been running into that sea, not for 90 days
.mere]y, but for ages, it is very clear that the Mediter-
ranean would, ere this, have been a vat of very strong

brine, or a bed of cubic erystals.

Let us see the results of actual observation upon the § 418
density of water in the Red Sea and the Mediterranean, Doty of
and upon the ynder currents that run out from these Redse
geas, terTanEan.

Four or five years ago, Mr. Morris, chief engineer of § 419
the Oriental Company’s steam-ship Ajdaha, collected spe-
cimens of Red Sea water all the way from Suez to the
Straits of Babelmandeb, which were afterward examined

by Dr. Giraud, who reported the following results :*

Latitude. Longitude. Spec Grav. BSaline Cont. Resualts

D grees Degroes. 1000 pares. reparted
No. 1. Bea at Sues —_ - 1027 41.0 by Dr.
No. 2. Gulfof Suez  27.49 83.44 1026 40.0 Girzad,
No. 8. Red Sea 24,99 36. 1024 29.2
Fo. 4. do. 20,55 32.18 1028 40.5
No. 5. do. 20.43 40,03 1024 9.8
No. 6. do. 14.34 42.43 1024 39.9
No.7. do. 12.80 44.45 1023 80.2

These observations agree with the theoretical dedue- § 420
tions just announced, and show that the surface waters
at the head are heavier and salter than the surface waters
at the mouth of the Red Sea.

* Transact. of the Bombay Geograph. Soc., vol. ix., May 1849 to August 1850,
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emarten In the same paper, the temperature of the air between

M Suez and Aden often rises, it is said, to 90° “and pro-
23421 1ably averages little less than 75° day and night all the
treofuir year round. The surface of this sea varies in heat from
Swezand  65° to 85° and the difference between the wet and dry

bulb thermometers often amounts to 2 5°—in the kamsin,
Aversge  or desert winds, to from 30° to 40°; the average evapo-
ton . ration at Aden is about eight feet for the year.” “ Now,
assuming,” says Dr, Buist, “the evaporation of the Red
Sea to be no greater than that of Aden, a sheet of water
eight feet thick, equal in area to the whole expanse of
Asump-  that sea, will be carried off annually in vapour ; or, assum-
Bust  ing the Red Sea to be eight hundred feet in depth at an
average—and this, most assuredly, is more than double
the fact—the whole of it would be dried up, were no
water to enter from the ocean, in one hundred years,
The waters of the Red Sea, throughout, contain some
four per cent. of salt by weight—or, as salt is a half
heavier than water, some 2.7 per cent. in bulk—or, in
round numbers, say three per cent. In the course of
three thousand years, on the assumptions just made, the
Red Sea ought to have been one mass of solid salt, if
there were no current running out.”

§422 Now we know the Red Sea is more than three thou-
:'h“-’;f'“ " sand years old, and that it is not filled with salt; and
oo the reason is, that as fast as the upper currents bring the

salt in at the top, the under currents carry it out at the
bottom.

§423  MEDITERRANEAN CURRENTS.—With regard to an under
Mediter-  current from the Mediterranean, we may begin by remark-
carrents  ing that we know that there is a current always setting
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in at the surface from the Atlantic, and that this is a salt- caarres

water current, which carries an immense amount of salt
into that sea. 'We know, moreover, that that sea is not
salting up ; and therefore, independently of the postulate)
and of observations, we might infer the existence of an
under current, through which this salt finds its way out
into the broad ocean again.®

With regard to this outer and under current, we have
observations telling of its existence as long ago as 1712.

“In the year 1712,” says Dr. Hudson, in a paper com-
municated to the Philosophical Society in 1724, “ Mon-
sieur du L’Aigle, that fortunate and generous commander
of the privateer called the Pheenix, of Marseilles, giving
chase near Ceuta Point to a Dutch ship bound to Holland,
came up with her in the middle of the Gut between Tariffa
and Tangier, and there gave her one broadside, which
directly sunk her, all her men being saved by Monsieur
du L’Aigle ; and a few days after, the Dutch ship, with

* Dr. Smith appears to have been the first to conjecture this explanation, which
he did in 1633 (vide Philosophical Transactions). This continual indranght into
the Mediterranean appears to have been a vexed question among the navigators
and philosophers even of those times. Dr. Smith alludes to several hypotheses
which had been invented to solve these phenomena, such as subterraneous vents,
cavities, exhalation by the sun's beams, &ec., and then offers his comjecture,
which, in his own words, is, ** that there is an under current, by which as great
a quantity of water is carried out as comes flowing in. To confirm which, besides
what I have said above about the difference of tides in the offing and at the shore
in the Downs, which necessarily supposes an under current, I shall present you
with an instance of the like nature in the Baltic Sound, as I received it from an
able seaman, who was at the making of the trial. He told me that, being there
in one of the king's frigates, they went with their pionace into the mid stream,
and were carried violently by the curremnt; that, soon after this, they sunk a
bucket with a heavy cannon ball to a certain depth of water, which gave a check
to the boat's motion ; and, sinking it still lower and lower, the boat was driven
ahead to the windward against the npper current : the current aloft, as he added,
not being over four or five fathoms deep, and that the lower the bucket was
let fall, they found the under current the stronger,™

1 g401.
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cuarren her cargo of brandy and oil, arose on the shore near T'an-

VIL

— gier, which is at least four leagues to the westward of the

§425

Dr. Wol-

laston's

observa-
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density.

§426

place where she sunk, and directly against the strength of
the current, which has persuaded many men that there is
a recurrency in the deep water in the middle of the Gut
that sets outward to the grand ocean, which this accident
very much demonstrates; and, possibly, a great part of
the water which runs into the Straits returns that way,
and along the two coasts before mentioned ; otherwise,
this ship must, of course, have been driven towards Ceuta,
and so upward. The water in the Gut must be very deep,
several of the commanders of our ships of war having
attempted to sound it with the longest lines they could
contrive, but could never find any bottom.”

In 1828, Dr. Wollaston, in a paper before the Philo-
sophical Society, stated that he found the specific gravity
of a specimen of sea water, from a depth of six hundred
and seventy fathoms, fifty miles within the Straits, to
have a “density exceeding that of distilled water by
more than four times the usual excess, and accordingly
leaves, upon evaporation, more than four times the usual
quantity of saliné residuum. Hence it is clear that an
under current ontward of such denser water, if of equal
breadth and depth with the current inward near the sur-
face, would carry out as much salt below as is brought
in above, although it moved with less than one-fourth
part of the velocity, and would thus prevent a perpetual
increase of saltness in the Mediterranean Sea beyond that
existing in the Atlantic.”

The doctor obtained this specimen of sea water from
Captain, now Admiral Smyth, of the English navy, who
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had collected it for Dr. Marcet. Dr. Mareet died before cmarren

~ receiving it, and it had remained in the admiral’s hands —
gome time before it came into those of Wollaston.

It may, therefore, have lost something by evaporation; § 427
for it is difficult to conceive that all the river water, and
three-fourths of the sea water which runs into the Medi-
terranean, is evaporated from it, leaving a brine for the
ander current having four times as much salt as the water
at the surface of the sea usually contains Very recently, Oeerra.
M. Coupvent des Bois is said to have shown, by actual Couprent
observation, the existence of an outer and under current
from the Mediterranean.

However that may be, these facts, and the statements § 428
of the Secretary of the Geographical Society of Bombay, Factsiewre
seem to leave no room to doubt as to the existence of an e
under current both from the Red Sea and Mediterranean, ofanunder
and as to the cause of the surface current which flows ~
into them. I think it a matter of demonstration. It is
accounted for’by the salts of the sea.

Writers whose opinions are entitled to great respect §429
differ with me as to the conclusiveness of this demonstra- :JI‘:;:?::
. tion. Among these writers are Admiral Smyth, of the inresst
British navy, and Sir Charles Lyell, who also differ with
- each other. In 1820, Dr. Marcet, being then engaged
in studying the chemical composition of sea water, the
admiral, with his usual alacrity for doing “a kind turn,”
undertook to collect for the doctor specimens of Mediter- Specimens
ranean water from various depths, especially in and about mﬂu‘!vi
the Straits of Gibraltar. Among these was the one'taken rl Syt
fifty miles within the Straits from the depth of six hun-
dred and seventy fathoms (four thousand and twenty

1 §431. 'iﬁfla 3§ 425
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m:::n feet), which, being four times salter than common sea
—  water, left, as we have just seen, no doubt in the mind of
Dr. Wollaston as to the existence of this under current of
brine. '
§430  But the indefatigable admiral, in the course of his cele«
oo brated survey of the Mediterranean, discovered that, while
inside of the Straits the depth was upwards of nine hun-
dred fathoms, yet in the Straits themselves the depth
across the shoalest section is not more than one hundred
and sixty* fathoms,
f;"l;ﬁ]:ré: “ Such being the case, we can now prove,” exclaims
ductions.  Sir Charles Lyell, “ that the vast amount of salt brought
into the Mediterranean does mot pass out again by the
Straits; for it appears by Captain Smyth's soundings,
which Dr. Wollaston had not seen, that between the
Capes of Trafalgar and Spartel, which are twenty-two .
miles apart, and where the Straits are shallowest, the
deepest part, which is on the side of Cape Spartel, is only
two hundred and twenty fathoms.+ It is therefore evi-
dent, that if water sinks in certain parts of the Mediter-
ranean, in consequence of the increase of its specitic
gravity, to greater depths than two hundred and twenty
fathoms, it can never flow out again into the Atlantic,
since it must be stopped by the submarine barrier which
crosses the shallowest part of the Straits of Gibraltar.”}
§481  According to this reasoning, all the cavities, the hollows
R and the valleys at the bottom of the sea, especially in
eonclusive the trade-wind region, where evaporation is so constant
and great, ought to be salting up or filling up with brine.

* “The Mediterrancan.” + One hundred and sixty, Smyth.
% Lyel s Principles of Geology, p. 334-5, ninth edition. London, 1853,
1§ 435
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Is it probable that such a process is actually going on? caarTER

No. ol

_ According to this reasoning, the water at the bottom § 432
of the great American lakes ought to be salt, for the What

rivers and the rains, it is admitted, bring salts from the ﬁ*lgml

land continually and empty them into the sea. It ismrr-g-:m

also admitted that the great lakes would from this cause et

. be salt, if they had no sea drainage. The Niagara river soming

passes these river salts from the upper lakes into Ontario, ree

and the St. Lawrence conveys them thence to the sea.

Now the basins or bottoms of all these upper lakes are

far below the top of the rock over which the Niagara

pitches its flood. And, were the position assumed by

this writer correct, namely, that if the water in any of

these lakes should, in consequence of its specific gravity,

once sink below the level of the shoals in the rivers and

straits which connect them, it never could flow out again,

and consequently must remain there for ever*—were this

principle physically correct, would not the water at the

bottom of the lakes gradually have received salt sufficient,

during the countless ages that they have been sending it

off to the sea, to make this everlastingly pent-up water

briny, or at least quite different in its constituents from

that of the surface? We may presume that the water

at the bottom of every extensive and quiet sheet of

water, whether salt or fresh, is at the bottom by reason

of specific gravity ; but that it does not remain there for

ever we have abundant proof. If so, the Niagara River

would be fed by Lake Erie only from that layer of water

which is above the level of the top of the rock at the

* Bee paragraph quoted (p. 178) from * Lyell's Principles of Geology."
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cmarren Falls. Consequently, wherever the breadth of that river

YIL

§433

Asump-
tion on
which Sir
Charlea
Lyell's
opinion
WS
founded.

Rate at
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M

i8 no greater than it is at the Falls, we should have a
current as rapid as it is at the moment of passing the
top of the rock to make the leap. To see that such is
not the way of Nature, we have but to look at any com-
mon mill pond when the water is running over the dam.
The current in the pond that feeds the overflow is scarcely
perceptible, for “still water runs deep.” Moreover, we
know it is not such a skimming current as the geologist
would make, which runs from one lake to another ; for,
wherever above the Niagara Falls the water is deep, there
we are sure to find the current sluggish in comparison
with the rate it assumes as it approaches the Falls; and
it is sluggish in deep places, rapid in shallow ones, be-
cause it is fed from below. The common “wastes” in
our canals teach us this fact.

The reasoning of this celebrated geologist appears to
be founded upon the assumption that when water, in con-
sequence of its specific gravity, once sinks below the
bottom of a current where it is shallowest, there is no
force of traction in fluids, nor any other power, which
can draw this heavy water up again. If such were the
case, we could not have deep water immediately inside
of the bars which obstruct the passage of the great rivers
into the sea. Thus the bar at the mouth of the Missis-
sippi, with only fifteen feet of water on it, is estimated

temsehs oot t0 travel out to sea at rates varying from one hundred
L=

§ 434

to twenty yards a year.

In the place where that bar was when it was one
thousand yards nearer to New Orleans than it now is,
whether it were fifteen years ago or a century ago, with
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only fifteen or sixteen feet of water on it, we have now emrren
four or five times that depth. As new bars were succes- ——
sively formed seaward from the old, what dug up the g
sediment which formed the old, and lifted it up from
where specific gravity had placed it, and carried it out to

sea over a barrier not more than a few feet from the sur-

face? Indeed, Sir Charles himself makes this majestic
stream to tear up its own bottom to depths far below the

top of the bar at its mouth. He describes the Mississippi

as a river having mnearly a uniform breadth to the dis-

tance of two thousand miles from the sea.* He makes

it cut a bed for itself out of the soil, which is heavier

than Admiral Smyth’s deep sea water, to the depth of

more than two hundred feet} below the top of the bar
which obstructs its entrance into the sea. Could not the

same power which scoops out this solid matter for the
Mississippi, draw the brine up from the poel in the Medi-
terranean, and pass it out across the barrier in the
Straits ?

The traction of locomotives on rail-roads, and the force § 435
of that traction, is well understood. Now, have not f:ﬁ;fm
currents in the deep sea power derived from some such ril-rosds
force ? Suppose this under current from the Mediter- :‘;’;_ﬁ
ranean to extend one hundred and sixty fathoms down, pae

s0 as to chafe the barrier across the Straits. Upon the e

bottom of this current, then, there is a pressure of more J=*
than fifty atmospheres. Have we not here a source of

* ¢ From near its mouth at the Balize, a steamboat may ascend for two thou-
eand miles with scarcely any perceptible difference in the width of the river."—
Lyell, p. 263.

+ ““The Mississippi is continually shifting its eourse in the great alluvial
plain, eutting frequently to the depth of one hundred, and even sometimes to the
depth of two hundred and fifty feet."—Lyel!, p. 273,
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onarten power that would be capable of drawing up, by almost
— insensibly slow motion, water from almost any depth?
At any rate, it appears that the effect of currents by
traction, or friction, or whatever force, does extend far
below the level of their beds in shallow places. Were it
not so—were the brine not drawn out again—it would
be easy to prove that this indraught into the Mediter-
ranean has taken, even during the period assigned by Sir
Charles to the formation of the Delta of the Mississippi
—one of the newest formations—salt enough to fill up
the whole basin of the Mediterranean with crystals,
Admiral Smyth brought up bottom with his briny sample
of deep sea water (six hundred and seventy fathoms), but

no salt crystals.

§436 The gallant admiral—appearing to withhold his assent
o both from Dr. Wollaston in his conclusions as to this
mggestion under current, and from the geologist in his inferences as

to the effect of the barrier in the Straits—suggests the
probability that, in sounding for the heavy specimen of
sea water, he struck a brine spring. But the specimen,
according to analysis, was of sea water, and how did a
brine spring of sea water get under the sea but through
the process of evaporation on the surface, or by parting
with a portion of its fresh water in some other way?

§437 If we admit the principle assumed by Sir Charles
Iree Lyell, that water from the great pools and basins of the
It sea can never ascend to eross the ridges which form these
pe. .ut;.::. pools and basins, then the harmonies of the sea are gone,
harmonies and we are forced to conclude they never existed. Every

are gone. Particle of water that sinks below a submarine ridge is,
ipso facto, by his reasoning, stricken from the channels
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of circulation, to become thenceforward for ever motionless emarran
matter. The consequence would be *“cold obstruction _—
in the depths of the sea, and a system of circulation be-
tween different seas of the waters only that float above

the shoalest reefs and barriers. I do not believe in the
existence of any such imperfect terrestrial mechanism, or

in any such failures of design. To my mind, the proofs Authors
—the theoretical proofs—the proofs derived exclusively T
from reason and analogy—are as clear in favour of this
under current from the Mediterranean as they were in
favour of the existence of Leverrier’s planet before it was

seen through the telescope at Berlin.

Now suppose, as Sir Charles Lyell maintains, that none § 438
of these vast quantities of salt which this surface current
takes into the Mediterranean find their way out again.

It would not be difficult to show, even to the satisfaction

of that eminent geologist, that this indraught conveys

salt away from the Atlantic faster than all the fresh-water

rivers empty fresh supplies of salt into the ocean. Now, e
besides this drain, vast quantities of salts are extracted from ses-
from sea water for madrepores, coral reefs, shell banks, :n-;gnr:l
and marl beds; and by such reasoning as this, which is ::r:.r
perfectly sound and good, we establish the existence of “™***
this under current, or else we are forced to the very un-
philosophical conclusion that the sea must be losing its

salts, and becoming less and less briny.

TaE CURRENTS oF THE INDIAN OcEAN—DBy carefully § 439
examining the physical features of this sea, and study- g
ing its conditions, we are led to look for warm currents o
that have their genesis in this ocean, and that earry from
it volumes of overheated water, probably exceeding in

1 Plates VIII and 1X,




