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INTRODUCTION.

THE introduction of a book, though the first in order to the reader, is generally the last to the
writer, at least it is so in the present instance; and it is proper to state this fact in order to
explain and apologize for the appearance of matter here which otherwise would seem out of place,
a8 it might be considered to belong more properly to the body of the work. This work is the
fruit of common labors. By concert, and with the most commendable spirit, sailors of all nations
are engaged in conducting a most noble and ennobling system of philosophical inquiry, the
results of which, so far, have been announced either by the Dutch through the Royal Meteor-
ological Institute at Utrecht, or by the English through the Moteorological Papers of the
Board of Trade, or by the French in the Revue Coloniale, or in these sailing directions: This
18 the time to report progress.

But, before I go further, I wish to announce a rule of conduct by which I have been guided
from the commencement of this work, and by which I mean to be guided to the end ; for not
only has experience proved it wise, but it is in principle so good that to it I attribute much of
the success which has attended these labors. This rule has been to keep the mind unbiassed
by theories and speculations ; never to have any wish that an investigation would result in
favor of this view in preference to that, and never to attempt by premature speculation to
anticipate the results of investigation, but always to trust to the observations themselves.

After these have been discussed, until the phenomena they conceal have been sufficiently
developed, or developed as far as, with the materials on hand, I have found myself capable of
developing them, then, and not till then, has an explanation been sought. The plan has been
first the fact, and then the cause ; and in seeking to account for any one fact, though several
explanations may present themselves, that one is preferred which, besides satisfying the case
in hand, will serve also to explain the greatest number of other known facts. And even then
such explanation is offered only in place of a better, and it is held only until another, come
whence it may, is presented, which will reconcile equally as well a still greater number of facts.
In truth, these investigations have been strict investigations of facts, with the full conviction
that facts, when grouped together in sufficient numbers, and catechized with reverence, will
themselves reveal their cause, or place in our hands the clew to such explanation as man is
permitted to comprehend.

In some cases, hypothesis is not only wholesome in its bearings, but necessary to progress.
When I have deemed such to be the case, I have felt it my duty to offer hypothesis. But
whenever in this work I have ventured an hypothesis, it has been for the purpose of stimu-
lating observers or thinkers ; expecting thus. to make a step towards some hidden truth, by
proving the hypothesis wrong, or by proving it right, for in either case there is generally a
triumph and a step gained. That such is the spirit among those who, in foreign countries,
may participate with me in the labors of discussion, I feel confident when I consider the
character of the men and institutions employed, such as the Royal Academy of Science in
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Sweden, such as FitzRoy and Playfair in England, Ballot and Jansen, Van Gough, Andrau,
and Bowier in Holland, Vaneéchout, Tricault, and Le Gras in France, Wrangell and Gorkovenko in
Russia, and Pegado in Portugal. And that such has been the spirit presiding here over this
beautiful system of investigation, I hope the pages of these Sailing Directions, and the face of
the *“ Wind and Current Charts’’ themselves have shown. The facts they contain I believe to
be true and faithful results of what the log-books contain, and so believing I will not yield
them for any others, unless these others be derived from a greater number of observations,
from more faithfully kept abstract logs, or from some more thorough system of investigation.
But as for theory, if I have anywhere carried theory where the scaffolding of abstract logs and
pertinent facts is not sufficient to support me, I am, as I have been and hope to be, most happy
to see sound opinions take its place.

T reverence truth, and know that this work which I have so much at heart, and which has
cost me so many hours of precious time, will stand, prosper and flourish only as T am right and
it is true. Such are the principles which have guided me in its progress, and to the obser-
vance of which I attribute whatever of success or of good has been awarded to it.

The demand for the fruits of our labor is continually on the increase ; upwards of 210,000
sheets of the Wind and Current Charts have been distributed ; and with this edition there
will have been printed, published, and put into use more that 20,000 copies of these Sailing
Directions. The work has met with favor in all parts of the commercial world and with all
maritime people. The most experienced seamen, the ablest navigators, the wisest philoso-
phers, the greatest statesmen, and the most powerful nations, have given it not only their
approval, but their encouragement ; they have lent it their aid also.

All nations that may be called maritime are now co-operating with us through their navies
and merchantmen, in making the required observations and in keeping the abstract log ; and
some of these—Spain, Portugal, and Holland, England, France, and Denmark, Norway, Russia,
and Sweden—have gone further, and provided for a discussion of the sea journals returned
from their shipping, and for the contribution to the general stock of the results that may be
obtained therefrom, or for the translation of said results.

In the preface to the Tth edition it was stated that Prussia was entertaining the idea of
establishing a Hydrographical Office, for the purpose of entering the field of discussion as well
as that of observation; that Russia was about to do the same, with Baron Wrangell at the
head of it, and that that distinguished admiral was then engaged in translating from this work,’
and rendering it, with the formula of the abstract log, into Russian, for the use of the imperial
marine :—

That the Holy See had established a decoration for the seamen of the Papal states, which
can be reached only by keeping the abstract log of the Brussels Conference; and that a
society had been established for the encouragement of nautical science in that country® :—

[Translation.]

* NOTICE.
¢¢ PONTIFICAL (FOVERNMENT,
“ Minisiry of Commerce and Public Works.
i« Among the subjects which have always received the attention and care of the Pontifical Government not the least has

been that of the Mercantile Marine, and wishing to encourage, as much as possible, those who, by their industry, their courage,
and their conduct, shall contribute to the increase and development of this marine, the council of ministers having proposed
and received the special sanction of His Holiness, do arrange and decree as follows :—
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That lectures were made in Holland, translated, illustrated, and published in Englamd to
make known and encourage this plan of research.

I have now the satisfaction of announcing that since the publication of the Tth edition
France has entered the field with us ; she has set about the work in hand in such good earnest
that we may expect soon to see her occupying that proud eminence upon which her navigators
and savans are so well able to place her.

A more zealous, able, and accomplished fellow laborer I could not desire than Lieutenant
Vaneéchout, of that service, has proved himself to be. To him has been assigned the task of
preparing, from the data already obtained, sailing directions for the French marine. To
him, as also to Captain M. E. Tricault, of the French navy, the friends of our cause are deeply
indebted. They have done much to make its merits known and understood by the French
people, as well as by French seamen. Captain Tricault has epitomised the sailing directions,
and published in the ** Revue Coloniale’’ a complete account, with explanations and transcripts,
of the Wind and Current Charts.

Nor have friends been wanting elsewhere : The Astronomer Royal of Belgium, M. Quetelet,
the most amiable of men and excellent of philosophers, has never ceased to take the most lively
interest and active concern for the expansion of our researches, so that they may include the
land also. Others of the most eminent savans of Europe have united with him and given him
a most hearty second.

By these researches the mariner’s knowledge concerning the prevailing winds and currents
at the different seasons and over the frequented parts of the ocean has been greatly enlarged.
In consequence thereof the time required to make a voyage to distant parts of the world has been
lessened, and the dangers of the sea proportionally diminished. The time already saved to the
commerce of the world by these researches has been calculated by philosophers in England and
France, Holland, and the United States ; and in each country the money value is estimated at
millions ; yet the observations out of which such results have been elaborated have been made
without the cost of one cent to government.

Sailing vessels, availing themselves of the power derived from this increase of knowledge
of sea, wind, and weather, have driven steam out of the Australian trade, and put to rest for
the present, at least, the question of a line of steamers between China and California.

‘‘Amr. 1. Honorary distinctions shall henceforth be aceorded to such captains of armed or mercantile ships of the Pontifi-
cate as shall have merited well of their State and Sovereign.

‘* Art. 2. Every Pontifical subject who, on his own acco{mt, shall ship, in quantities of not less than 300 tons per vessel,
a thousand or more tons of merchandise, in vessels entirely equipped and constructed in the dock-yards of the State, according
to the law of December 10, 1825, shall, besides the reward of construction, be entitled to an honorary distinction by the
Pontifical Government.

*Arr. 3. Two flags, or honorary distinctions, are instituted ; one of the first, the other of the second class, to be given
to those captaing who, legally qualified for the gran corso o lungo corso, shall make dlsta.nt voyages.

‘“A=T. 4, The form of these flags shall be the following :—

‘“Those of the first clags shall be yellow and white—the yellow bemg nearest the staff—turned up with a red band,

and in the middle the fall length figures of the Holy Apostles Peter and Paul.

“Those of the second class shall be all white, turned up with a yellow band, and in the middle the full length figures
of the Holy Apostles Peter and Paul.

‘““Arr. 5. The dimensions of the flags shall be regulated by the size and quality of the ship; but their length shall be
once and a half fimes, and the border one-sixth of their breadth. -

‘“Arr. 6. These flags, or honorary distinctions, shall be hoisted at the mast-head by the captains to whom they are given ;
hose of the first clags at the head of the mainmast, and those of the second class, at the head of the mizzen. But neither
of these flags shall be hoisted without, at the same time, hoisting the flag of the State at the peak, in accordance with the
law of September 17, 1825.
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In this connexion, the following statement is interesting ; it shows the estimated number
of vessels, and amount of tonnage belonging to the various States of Christendom in 1858—

THAT ARE CO-OPERATING. THAT ARE NOT CO-OPERATING.
VESSELS. TONNAGE: ‘VESSELS. TONNAGE.
England . . . 38,000  5400,000 | Tuscany and Naples . 8000 270,000
United States . . 30,000 5,200,000 | Greece. . . . 4,000 265,000
France . .. 15,000 800,000 German Principalities . 700 115,000
Russia . . . 1,000 300,000 Sandwich Islands, &c. . 600 70,000
Sweden and Norway . 2,100 550,000 '
Denmark . . . 4,000 200,000 13,300 680,000
Holland . . . 2,100 460,000
Belgium . . . 150 36,000
Prussia . . . 2,000 370,000 '
Hamburg. . - 2,400 220,000
Bremen . . . 500 160,000
Portugal . . . 800 90,000
Spain . . . 8000 380,000
Sardinia . . . 4,200 150,000
Papal States . . 4,000 120,000
Austria . . . 7,600 324,000
Brazil . . . 7,000 100,000
Chili . . . 250 30,000
Peru . . . 250 30,000
124,150 14,840,000

¢ Arr. 7. In order to obtain the honor of these flags, the sea captains of the Pontificate must prove, from documents of
the proper suthorities of the State, or its representatives abroad, ar, in their absence, of those of friendly powers, that they
have made, in ships registered in the Pontifical State and qualified for ‘il lungo corso € il gran corso,” a given number of
voyages to foreign ports, leaving the Pontifical ports with merchandise of the State, and Teturning with foreign merchandise.

¢+ Tt is also required of captains who shall wish to obtain the said distinctions, either of the first or second class, that they
shall keep, especially in voyages out of the Straits of Gibraltar, a meteorological journal, with observations made daily at
four o’clock in the morning, at noon, and at cight in the evening. The Minister of Commerce will, through the Board of
Health and Police, in the ports Ancona and Civita Vecchia, furnish gratuitously to shipmasters undertaking such voyages
the form of the journal, with requisite printed instructions for its compilation. At the return of the ship to the port whence
it started, the officials of the port shall, without delay, receive back the original of this journal, signed by the captain
and his secretary, whence it shall be forthwith transmitted to the said minister for its proper use.

-4 Agr. 8. The foreign ports to which the captains may sail in order to obtain the flags arc classified into the following four

categories : '

««]1, Ports of the Black Sea. R

2, Ports of Spain, France, Belgium, Holland, and English seaports, ports of the Baltic, and African seaports, as far as the
Cape of Good Hope.

«3, Atlantic seaports of North and South America, and ports of the Arctic Ocean.

¢4, Ports of Indin and the Great Southern Ocean.

« ArT. 9. The honor of the flags shall be awarded with a certificate from the Minister of Commerce, when the following
voyages shall be proved to have been made according to Art 7:

+tTo obtain that of the first class—

« Either one voyage of the fourth category, or three of the third, or five of the second.

o obtain that of the second class—
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This estimate includes c0~asters, fishing-smacks, river craft, and vessels of all sorts that the
government takes cognizance of. Of this grand total of 137,450 vessels and 15,520,000 tons, the
nations to which more than nineteen-twentieths of the tonnage belongs have already joined
hands, and are co-operating with us in collecting materials for the further prosecution of these
researches. These vessels employ, at a moderate calculation, not less than a million of men
and boys. Perhaps not more than one-tenth of the vessels are engaged in foreign trade, or
perform voyages during which observations useful to us might be made ; and, of this tenth,
perhaps not more than one-half are capable of contributing. Nevertheless, after allowing for
these deductions, the size of the fleets that are already engaged in this work is very imposing.
It is the largest fleet that has ever been seen to act in concert, for any purpose whatever,
since the world began.

Thus all who have lent a hand in bringing these investigations to their present state have
cause for mutual congratulation, for the work goes bravely on, and friends to encourage by -
precept, or to help with contributions, are springing up in all parts of the world. = But, in
reviewing our labors, our object is not to boast, it is to gather strength to do more and to do
it better; for the eyes of the world are upon us. :

We are investigating the laws of the atmosphere. It covers the land as well as the sea.
It is a whole, and for its influences to be rightly understood it must be treated as a whole : for
it would be quite as reasonable to expect, by observing the currents of the Mediterranean, to
gain a complete knowledge of those of the whole ocean, as it is to expect, by observing the
winds at sea, to understand the movements of the whole atmosphere. ‘

Often, in the course of these investigations, I have been compelled to give up a most
interesting inquiry, because the observations that relate to it do not extend beyond the sea.
I find, for instance, in the abstract logs, some phenomenon or another recorded which I am
induced to trace to its genesis. I follow it up, trace it from the sea to the land, and there,
having the mastery of it almost within my grasp, have to let it escape for the want of corres-
ponding observations. This ought not to be. Agricultural and sanitary meteorology is asimport-
ant as nautical. Farmers and invalids are quite as much interested in the development
of meteorological facts and laws on the land as merchants and sailors are on the sea. The farmers
and the savans of the shore are therefore appealed to, to come up, join forces, and do for the
land what seamen and shipping merchants have done for the sea.

*‘ Either one voyage of the third category, or two of the second, or four of the first.

‘“Art. 10. To any merchant captain who shall have made four voyages of the third category, or two of the fourth,
according to Art. 8, besides the flag of honor of the first class, shall be given the right to wear the ofﬁcial uniform of the
havy of the Pontificate, with the rank of honorary lieutenant.

**ARrr. 11. When a vessel, carrying one of these flags of honor, approaches a Pontifical port, it shall be saluted by the
port-ship by hoisting the Pontifical flag at the head of the mainmast, or mizzen, according to the class to which the flag of
honor belongs I, also, the captain of the ship shall bave the rank of lieutenant in the navy, he shall receive, in addition,
the salute of three guns. X ’

‘“ARr. 12. In cases of extraordinary voyages, or those not contemplated above ; or of ver, y honorable actions performed
by captains, which shall redound to the honor of the service and the glory of the Pontifical flag, the Government reserves the
reward of these for special action.

‘“ Amt. 13. The present arrangements shall not apply to voyages now in progress, or those anterior to the date of this
notification. i

* Amr. 14. The Board of Health and Police of the ports of Ancona and Civita Vecchia, and the Consular Pontifical repre-
entatives abroad, are charged with the execution of these arrangements, each for the part which appertains to him.,

** Given at Rome, from the Ministry of Commerce and Public Works, January 8, 1855.

The Minister, G. MILESE”
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- The investigations for the land may be carried on in a way quite as unexpensive as those-
for the sea; but it is as necessary in one case as in the other that governments should lead.
The States of Christendom were invited to a conference upon the subject of a uniform system
of observations at sea. After three weeks of free discussion and deliberation, a system was -
agreed upon ; and nations owning nineteen-twentieths of all the shipping in the world are
now, through their navies and the voluntary co-operation of their merchantmen, engaged in
canymg out that system ; the govelnments simply undertaking the office expenses incident to
the discussion and publication of the observations that are thus gratuitously made.

There are public-spirited men ashore, and amateur meteorologists on the land in all

countries, who, I am assured, would be most happy, at their own expense, to equip their
_meteorological observatories with the requsite instruments, and to observe according to a
prescribed and uniform plan, provided the government would agree to have the observations
so made compared, discussed, and published, for the benefit of the world. Every nation has
already, and upon a scale more or less extensive, its own meteorological observations on the
shore ; they have also an office in which the observations are treated with more or less care,
and published in some shape or another. So that, different from the system at sea, the nuclei
for the observations on the land, their treatment and publication, are already established ; and
to cover both sea and land with observers and to make the plan universal, but little now is
wanting save that spirit of good will and co-operation for the land which has been found so
beneficial and admirable for the sea.

This extension of the system landward was proposed in the beginning as a part of the original
plan. I have never ceased to advocate it since, and to couple with it a system of daily weather
reports through the telegraph. As much as we have accomplished at sea, more yet can be
accomplished through the magnetic telegraph on the land. With a properly devised system
of meteorological observations to be made at certain stations wherever the telegraph spreads
its meshes, and to be reported daily by telegrams to a properly organized office, the shipping
in the harbors of our seaport towns, the husbandman in the field, and the traveller on the road,
may all be warned of every extensive storm that visits our shores, and while yet it is a great
way off.

The laurels to be anticipated from such extension of our beautiful field of research would
crown the results already obtained, and probably entitle the whole to be regarded as among
the most splendid achievements of the age. With this system established, and conducted as
it ought to be, no ship need ever put to sea, from any of our sea ports, in ignorance of the
approaching storm.

A like system for the British Islands and the continent would lead to like results there ;
many storms, after visiting our shores, travel across the ocean and carry devastation there.
Should the sub-Atlantic telegraph be laid, and when laid, should it answer its ends, warnings
of all such storms may be sent across the ocean several days in advance. The annual losses at
sea range from two to sixteen millions of dollars ; and the losses on the northern lakes have
amounted, for the four years from 1854 to 1857, inclusive, to no less than $10,000,000 in the
gross. The loss of life during the same period on the lakes was 1,000 souls. The loss of
life at sea is still more astounding. The lakes are already surrounded with a cordon of
telegraphic stations, which no storm could pass without being reported at headquarters, and
thence warning to the shipping and people could be sent out rlght and left, and as far ag the
wires extend.
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' Ihope that the friends of our cause, wherever they be, will act upon the principle that
our labors cannot be considered as half begun until we are permitted to extend them from the
sea to the land, and call to our aid also the electric telegraph.

. With our observations at sea, we have arrived at a point at which we may pause and turn
to take a retrospect; and in that retrospect we discover that certain parts of the wide field
f:hat lies spread out before us have been sufficiently traversed by present laborers with certain
fmplements; and that our knowledge of routes and winds over particular parts of the ocean
18 as ample as, in the present stage of meteorological science, it probably ever will be. In
short, it will probably be several years before we shall be able to give any new hghts as to
certain routes and salhng directions herein laid down.

Moved by considerations of this sort, the number of copies to be issued of the 8th edition,
will exceed any of its predecessors. ‘

This arrangement will give me more leisure for further investigations, the results of which
will from time to time be issued i in separate monographs.

RoYAL SOCIETY’S APARTMENTS, SOMERSET HOUSE,
London, June 19, 1854..

Sir: I have the honor to inclose a letter which has been received by the President and
Council of the Royal Society of London, announcing the intention of the British Government
to institute an office for the discussion of the observations on meteorology to be made at sea, in
all parts of the globe, by British vessels, in conformlty with the recommendation of the Con-
ference held at Brussels last year, and requesting the opinion of the Royal Society as to the
expediency of giving such an extension to the system of meteorological observations as may
cause it to include, in addition to the information required for the purposes of navigation, such
scientific desiderata as may be decided best calculated for the investigation and establishment of
great atmospheric and oceanic laws, and may be obtainable by observation either on land or at sea.

The inquiry thus opened being one of general concernment, the President and Council of
the Royal Society, before they make their reply, are desirous of obtaining the opinion of those
amongst their foreign members, who are known as distinguished cultivators of meteorological
science, as well as of others in foreign countries, who either hold offices connected with the
advancement of meteorology, or have devoted themselves to this branch of science and may
thus be consulted with advantage. ‘ '

In addressing this letter to you, sir, I have therefore to express the gratification with
which the Royal Society will receive a communication from you; and to assure you' that th@
tullest consideration will be given to the opinions or suggestions with which you may be pleased
- %o favor them, : ' ’

I have the honor to be, sir; your obedient servant,
ROSSE,

P.S. In addressmg your reply, be pleased to erte “meteorolog‘yn in the corner of the
direction. The English language need not be used unless perfectly agreeable to yourself
To Lirur. Maury, U S. N. : . E : )

OFFICE OF Comm:mm or Prvy COUNCIL FOR TRADE,
- Maorine Department, June 8, 1854.
SiR: I am directed by the Lords of the Committee of the Privy Council for trade to
aCcluamt you that, with the concurrence of the Lords Commissioners of the Treasury, my Lords
2 m*
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have determined to submit to Parliament an estimate for an office for the discussion of the
observations on meteorology which it is proposed shall be made at sea, in all parts of the globe,
in conformity with the recommendation of the Conference held at Brussels last year, and they
are about to construct a set of forms for the use of that office, in which it is proposed to pub-
lish from time to time and to circulate such statistical results as may be considered most
desirable by men learned in the science of meteorology, in addition to such other information
as may be required for the purposes of navigation. '

Before doing so, however, they are desirous of having the opinion of the Royal Society
as to what are the great desiderata in meteorology, and as to what forms that Society consider
the best calculated to exhlblt the great atmospheric laws which it may be deemed most
desirable to develop. - i

I herewith inclose a form of log (this is in the report of the Brussels Conference) which
will contain all that is proposed to execute at sea, but it may possibly happen that observations
on land, upon an extended scale, may hereafter be made and discussed in the same office ; and
in framing your reply it is desirable that such a contingency should be borne in mind and
provided for. _

I am, sir, your obedient servant, ‘
: JAMES BOOTH.

The SECRETARY OF THE RoyaL Sociery.

NATIONAL OBSERVATORY,
Washington, July 27, 1854.

My Lorp : I have had the honor to receive your Lordship’s communication on the 19th
June, 1854, covering a copy of one of the-3d June, 1854, made by command of the Lords of
the Committee of Privy Council for Trade, to the Royal Society, concerning meteorological
observations by sea and land.

“The British Government having determined to institute an office for the discussion of
observations to be made in conformity with the recommendations of the Maritime Conference
of Brussels, solicits the opinion of the President and Council of the Royal Society as to the
expedlency of enlargmg the plan so as to include such scientific desiderata as may be deemed
best calculated for the investigation and establishment of great atmospherical and oceanic laws,
and which may be obtained by observations either on land or at sea. ' .

Before expressing their views in reply, the President and Council of the Royal Society

desire to obtain the opinion, among others, of those in foreign countries who either hold offices
connected with meteorological research, or who have devoted themselves to this branch of
science. )
In furtherance of this desire, your Lordship has done me the honor to address the com-
munication aforesaid. I think my opinion is scarcely worth the having, though as the President
and Council of the Royal Society are pleased to think differently, I do not feel myself quite at
liberty to set the example of withholding small mites.

In my judgment, the best plan of procedure for procuring such expansions for the system
of meteorological observations as will include the desiderata indicated is, to carry out the idea
of a universal system of meteorological observations, which formed the subject of correspondence
between the governments of Great Britain and America in 1851.

The Brussels Conference recommended a mode for carrying out this system in so far as it
relates to the sea. No less than twelve nations* have approved these recommendations, and

© All the maritime States of Christendom have now—1858-—given in their adhesion to the plan of the Brussels Conference.
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have signified their intentions of carrying them out through the instrumentality of their naval
and mercantile marine. ' ‘

By referring to the detail of the plan of the Brussels Conference, it will be perceived
that it is somewhat in the nature of a compact. In carrying out this plan, much is expected
of the merchant service. We look to this branch for a large and valuable corps of observers;
and to the merchantmen, the plan especially in this country is recommendatory, for the
government has no power to require services of the kind from American or other shipmasters.
The American Government, therefore, has caused it to be proclaimed, that it will grant certain
works to the intelligent shipmasters of any country, who will render abstract logs according
to a prescribed formula.* Merchant-service observers are invited to give more than this
formula requires; but to demand more might, under present circumstances, be considered not
altogether fair.

This is one reason why the recommendations of the Brussels Conference should be adhered
to, at least for the present, but there is another.

Nations owning more than nine-tenths of all the shipping in the world have come into
this plan. Arrangements for carrying it out have either just been made, or are in progress,
and I should tremble with apprehension were the idea to get abroad that this plan is to be
changed, or that a proposition was seriously entertained at this early day for altering or
amending it, or for materially interfering in any manner whatever with the arrangements
which are in progress for carrying it out. ‘

The plan proposed by the Maritime Conference of Brussels may be faulty, it no doubt is.
My reluctance to any alterations, my opposition to any material amendment to it whatever,
does not grow out of any idea that I may entertain as to its completeness of purpose, or its
perfection, but from the fact that with it we have on hand a grand experiment; it is an
attempt to bring the sea, by means of machinery already at work, regularly within the domains
of systematic and scientific research; to change, without cost, the common implements of
navigation into philosophical instruments, and to convert the ships, for the safety of which
these instruments are employed, into so many floating observatories, all co-operating together
for the advancement of science and the good of mankind.

After this plan has been tried, after we shall have had an opportunity of ascertaining by
actual trial the degree.of skill possessed or attainable by such a corps of observers, and after
experience shall have afforded us the benefit of its lights as to the workings of this scheme,
then no one will be more ready than myself to profit by these lights, and to go into another con-
ference for amendments and improvements.

I take it for granted, therefore, that the points of inquiry now presented do mnot involve
any question that relates to any alteration or amendment in the plan of the Brussels Conference
[at present.] :

The subjects upon which opinions are invited relate, according to my view, to concert of
action among meteorologists and meteorological observers on the land, as to how far they may
assist in carrying out this plan, while at the same time the field may be enlarged so as to
includg observations on the sea also. -

This would make the plan complete, and an inquiry like this, having for its object the
establishment of great atmospherical and oceanic laws, being, as the President and Council
-Temark ‘‘of general concernment,’”” ought to be undertaken under governmental auspices, for

9 Vide a letter from Secretary of the Navy, December 6, 1851, page 11 of »immphlet, on the establishment of a'system of
m eteorological observations by land and sea. -
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I conceive that neither individual enterprise, nor the activity of societies, can do much more
than accomplish specialities in so great a field as the atmosphere.

It is a whole ; as a whole its workings and its laws should be investigated, and as a whole

. it should be occupled with observers and treated by computers.

Therefore I am among those who advocate another meteorological Congress for the
purpose of arranging forms for observers and recommending a plan for co- operation on the land.
In my judgment, co-operation, to the extent desired, is only obtainable by bringing meteorolo-
gists together for mutual consultation and advice, with the assurance that should their counsels
be judged practicable, enlightened nations stand ready to adopt and carry them out.

This Congress should, I conceive, be international ; that is, the members of it should be
appointed by those governments that may be disposed to lend their co-operation or their
countenance to a scheme so rich with the promise of universal good.

Men have entered this field single handed and gathered laurels in abundance ; but they
with their labors have satisfied us that, though there still remains a harvest rich and plenteous,
they arenot, after reaping it and gathering it together, equal also to the task of threshing it ; for
with such gleanings it requires patient labor to separate the wheat from the chaff. For such a
field and harvest multitudes of laborers are wanted ; they are wanted in numbers that will not
come at the call of individuals or societies, however wise and excellent, but only at the call of
nations. Indeed, it is not so difficult to procure meteorological observations as it is to have
them properly discussed and published.

) ‘Wherever the English language is spoken, wherever Christian churches have their
missionaries and science its followers, there are to be found laborers ready to enter this field.

‘‘Man by nature is a meteorologist,”’ but no man likes to labor in vain; and when men are
invited to enter this field as recording observers, to whom, or to what office shall each one be
directed to send his observations, that they may be prepared and discussed for use; so that
none shall have labored in vain? A

Almost every government among the states of Christendom has already established its
system of meteorological observations, and has also provided to a greater or less extent. for
their publication. These observations are made for the most part at hospitals, military posts,
and public institutions and establishments of various kinds. Many of them are well furnished
with self-registering instruments. They therefore constitute what, in the proposed plan, may
be called government establishments. They occupy on the land the place which, in the
Brussels plan, the man-of-war occupies on the sea, where the most complete meteorological
journals may be kept.

Many private observatories are, like many merchant ships, equally well fitted and found,
and ready to undertake a series of observations according to the most elaborate formula that
may be thought desirable. But the great body of laborers on the land, like the great majority
of co-operators at sea, will be observers only of the minimum order. Many of these will be
prepared to furnish such data alone as the eye, assisted by the thermometer and judgment,
may gather. But even such observations—especially in a comprehensive system, one object of.
which is to develop the great laws and plan of atmospherical circulation—will be far from -
useless ; for the value of such will be greatly enhanced by geographical position or by the
numbers of the stations at which they may be made.

The British Government has taken the lead in the plan of concert of action among meteor-
ologists on the land. The plan could not be in better hands, nor could it be brought forward
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under better auspices. Such a system of research, though it may be as extensive as the air,
and though it may look to the establishment of meteorological observatories in all habitable
parts of the globe, is simple, and, in my judgwent, is susceptible of ready and successful
execution without any more than really a trifling expense.

I beg to make myself clear upon this pomt and, that I may do so, crave indulgence for
an illustration. :

Most of the governments, it is presumed, that will be represented in the proposed Congress
have already a system of meteorological observations, which they are in the habit of publishing
more or less in detail. The formula of observations for these establishments should be the
most comprehensive ; but each government, upon whose territories the Congress may deem it
advisable to multiply stations, should encourage the establishment of them, by such means
a8 to it may seem good ; let the Congress, however, propose a form for these also—a minimum
of desiderata—with the suggestion that each government invite its amateur meteorologists
to co-operate in this plan, at least so far as to satisfy the minimum formula with observations ;
accompanying the invitation with an offer to every co-operator of a copy of published results.

In case there be any governments, as there probably will be, that may not find it con-
venient or deem it expedient to make such publications of the observations to be made within
its dominions, then let the British Government do for the land what another government of
kindred people has done for the sea, viz: offer to take charge of all the observations that no
other government shall care for, discuss them, and send each one whose labors may be there
recorded a copy of the printed results.

.What instruments shall be used at the stations, public and private, what forms of observa-
tion, and what the subjects,—in short, what the details of the plan may be, should be left for
the deliberations of a meeting of meteorologists, invited for the purpose and representing
nationalities. I conceive it very desirable, that so far as it may be practicable without inter-
" fering with the Brussels plan, that the proposed plan for the land should contemplate co-operation
“between the observers ashore and afloat ; for in discussing the observations at sea, I am daily

reminded of the want of such co-operation on the land. There are many phenomena that
cannot well be traced out without such concert: I hope I may be excused for mentioning
a case that just now happens to be before me.

I have lately received from Commodore Mayo, in command of the African squadron, a
‘meteorological journal, kept at the American mission, Gaboon, for 1852 and 1853, by Dr.
Henry Ford; by which it appears that the dry season there is from June to September,
inclusive, that the other eight months comprise the rainy season. Now, though this journal
does mot give the direction of the wind at all, and though it only makes record of the
thermometer, the rains, and state of sky, yet by referring to our investigations at sea, it
appears that this prolonged rainy season is due to two causes which operate in succession ; one
@ monsoon which brings rain, and before that is over, the equatorial cloud-ring in its annual
vibrations from north to south has overshadowed Gaboon (latitude 0° 22" N.) with its vapors,
and thus, like the lunar and solar tides when in ¢onjunction, We have one rainy season over-
riding and overleaping another. -

Begging pardon for havmg said so much in a case upon which there was need of but little

from me, I have the honor to be, Respe tf lly, &
; . espectiully, &c.,

- To the Hox. Lorp RossE, - M. F. MAURY.
President of the Royal Sociely, London.
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Reply of the President and C’ouncﬂ of the Royal Society to a letter from the Board of Trade, dated
January 15 (June 3,.2) 1854.

RoyvaL Sociery, SoMERSET HousE,
: February 22, 1855.

SR : In the month of June last the Lords of the Committee of the Privy Council for Trade
caused a letter to be addressed to the President and Council of the Royal Society, acquainting
them that their Lordships were about to submit to Parliament an estimate for an office for the
discussion of the observations on meteorology, to be made at sea in all parts of the globe, in
conformity with the recomendation of a conference held at Brussels in 1853 ; and that they
were about to construct a set of forms for the use of that office, in which they propose to
publish from time to time, and to circulate such statistical results, obtained by means of the
observations referred to, as might be considered most desirable by men learned in the science
of meteorology, in addition to such other information as might be required for the purposes
of navigation.

Before doing so, however, thelr Lordships were desirous of having the opinion of the
Royal Society as to what were the great desiderata in meteorological science ; and as to the
forms which may be best calculated to exhibit the great atmospheric laws Which it may be
most desirable to develop.

Their Lordships further state, that as it may possibly happen that observations on land
upon an extended scale may hereafter be made and discussed in the same office, it is desirable
that the reply of the Royal Society should keep in view and provide for such a contingency.

Deeply impressed with a sense of the magnitude and importance of the work which hasg
been thus undertaken by Her Majesty’s Government and confided to the Board of Trade, and
fully appreciating the honor of being consulted, and the responsiblity of the reply which they
are called upon to make ; considering also that by including the contingency of . land observa-
tions, the inquiry is, in fact, co-extensive with the requirements of meteorology over all accessible
parts of the earth’s surface ; the President and Council of the Royal Society deemedit advisable,
before making their reply, to obtain the opinion of those amongst their foreign members who
are known as distinguished cultivators of meteorological science, as well as of others in foreign
countries, who either hold offices connected with the advancement of meteorology, or have
otherwise devoted themselves to this branch of science.

A circular was accordingly addressed to several gentlemen whose names were transmitted
to the Board of Trade in June last, containing a copy of the communication from the Board of
Trade, and a request to be favored with any suggestions which might aid Her Majesty’s
Government in an undertaking which was obviously one of general concernment. '.

Replies in some degree of detail have been received from five of these gentlemen,* copies
of which are herewith transmitted.

The President and Council are glad to avail themselves of this opportunity of expressing
their acknowledgments to these gentlemen, and more particularly to Professor Dové, director
_of the meteorological establishments and institutions in Prussia, whose zeal for the advancement
of meteorology induced him to repair personally to England, and to join himself to the Com-
mittee by whom the present reply has been prepared. Those who are most familiar with the

¢ Dr. Erman, of Berlin; Dr. Heis, of Mumster; Professor Eriel, of Vienna; Lieutenant Maury, of Washington ; and
M. Quetelet, of Brussels. .
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labors and ertmgs of thls eminent meteorologist will best be able to appreciate the value of
his co-operation.

The President and Council have considered it as the most convenient course to divide
their reply under the different heads into whichethe subject naturally branches. But before
they proceed to treat of these, they wish to remark generally, that one of the chief impedi- -
ments to the advancement of meteorology consists in the very slow progress which is made .
in the transmission from one: country to another of the observations and discussions on which,
under the fostering aid of different governments, so much labor is bestowed in Europe and
America ; and they would therefore recommend that such steps as may appear desirable should
be taken by Her Majesty’s Government, to promote and facilitate the mutual interchange of
meteorological publications emanating from the governments of different countries.

Barometer.—It is known that considerable differences, apparently of a permanent char-
acter, are found to exist in the mean barometric pressure in different places ; and that the
periodical variations in the pressure in different months and seasons at the same place, are
very different in different parts of the globe, both as respects period and amount; insomuch
that, in extreme cases, the variations have even opposite features in regard to period, in
places situated in the same bemisphere, and at equal distances from the equator.

For the purpose of extending our knowledge of the facts of these departures from the
state of equilibrium, and of more fully investigating the causes thereof, it is desirable to obtain,
by means of barometric observations strictly comparable with each other, and extending over
all parts of the globe accessible by land or sea, tables, showing the mean barometric pressure in
the year, in each month of the year, and in the four meteorological seasons—on land, at all stations
of observation—and at sea, corresponding to the middle points of spaces bounded by geogra-
phical latitudes and longltudes not far distant from each other.

The manner of forming such tables from the marine observations which are now proposed
to be made, by collecting together observations of the same month in separate ledgers, each of
which should correspond to a geographical space comprised between specified meridians and
parallels, and to a particular n;onth, is too obvious to require to be further dwelt upon. The
distances apart of the meridians and parallels will require to be varied in different parts of the
globe, so that the magnitudes of the spaces which they inclose, and for each of which a table
will be formed, may be more circumscribed when the rapidity of the variation of the particular
phenomenon to be elucidated is greatest in regard to geographical space. Their magnitude
will also necessarily vary with the number of observations which it may be possible to collect
in each space, inasmuch as it is well known that .there are extensive portions of the ocean
which are scarcely ever traversed by ehlps, whilst other portions may be viewed as the ‘high-
ways of a constant traffic.

The strict comparability of observations made in different ships, may perhaps be best
assured by limiting the examination of the instruments to comparisons which it is proposed to
make at the Kew Observatory, before and after their employment in particular ships. From
the nature of theijr construction, the barometers with which Her Majesty’s navy and the
mercantile marine are to be supplied are not very liable to derangement, except from such
accidents as would destroy them altogether. Under present arrangements, they will all be
carefully compared at Kew before they are sent to the Admiralty-or to the Board of Trade ;
and similar arrangements may easily be made by which they may be returned to Kew for
re-examination, at the expiration of each tour of service. The comparison of barometers when
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embarked and in use, with .standards, or supposed standards at ports which the vessels may
visit, entails many inconveniences, and is in many respects a far less satisfactory method.
The limitation here recommended is not, however, to be understood as applicable in the case of
other establishments than Kew, where a special provision may be made for an equally careful
and correct examination.

At land stations, in addition to proper measures to assure the correctness of the barometer,
and consequent comparability of the observations, care should be taken to ascertain by the.
best possible means (independently of the barometer itself) the height of the station above the
level of the sea at some stated locality. For this purpose the extension of levels for the con-
struction of railroads will often afford facilities.

It may be desirable to indicate some of the localities where the data, which tables such ag
those which have been spoken of would exhibit, are required for the solution of problems of
immediate interest. _ »

10, It is known that, over the Atlantic Ocean, a 10w mean annual pressure exists near the
equatd\r, and a high pressure at the north and south borders of the torrid zone, (23° to 30°
north-and south latitudes ;) and it is probable that from similar causes similar phenomena exist
over the corresponding latitudes in the Pacific Ocean ; the few observations which we possess
are in accord with this supposition ; but the extent of space covered by the Pacific is large,
and the observations are few ; they may be expected to be greatly increased by the means
now contemplated. But it is particularly over the Indian Ocean, both at the equator and at
the borders of the torrid zone, that the phenomena of the barometric pressure, not only annual,
but also monthly, require elucidation by observations. The trade-winds, which would prevail
generally round the globe if it were wholly covered by a surface of water, are interrupted by
the large continental spaces in Asia and Australia, and give place to the phenomena of
monsoons, which are the indirect results of the heating action of the sun’s rays on those
continental spaces. These are the causes of that displacement of the trade-winds, and substi-
tution of a current flowing in another direction, which occasion the atmospheric phenomena
over tlie Indian Ocean, and on the north and south sides of that Ocean, to be different from
those in corresponding localities over and on either side of the equator in the Atlantic Ocean,
and (probably generally also) in the Pacific Ocean.

It is important alike to navigation and to general science to know the limits Where the
phenomena of the trade-winds give place to those of the.monsoons, and whether any and
what ‘variations take place in those limits in different parts of the year. The barometric
variations are intimately connected with the causes of these variations, and regmre to be known for
their more perfect elucidation.

The importance, indeed, of a full and complete knowledge of the variations Whlch take
place in the limits of the trade-winds generally in both hemispheres, at different seasons of
the year, has long been recognized. On this account, although the present section is headed
tBarometer,”’ it may be well to remark here, that it is desirable that the forms supplied to
ghips should contain headings, calling forth a special record of the latitude and Iongltude where
the trade-wind is first met with, and where it is first found to fail.

90, The great extent of continental space in Northern Asia causes, by reason of the great
heat of the summer, and the ascending current produced thereby, a remarkable diminution of
atmospheric pressure in the summer months, extending in the north to the Polar Sea, and on
the European side as far as Moscow. . Towards the east it is known to include the coasts of

\
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China and Japan, but the extent of this great diminution of summer pressure beyond the
coasts thus named .is not known. A determination of the monthly variation of the pressure
over the adjacent parts of the Pacific Ocean is therefore a desideratum ; and for the same
object, it is desirable to have a more accurate knowledge than we now possess of the preva@ling
direction of the wind in different seasons in the vicinity of the coasts of China and Japan.

3°. With reference to regions or districts of increased or diminished mean annual pressure,
it is known that in certain districts in the temperate and polar zones, such as in the vicinity of
Cape Horn, extending into the Antarctic Polar Ocean, and in the vicinity of Iceland, the mean
annual barometric pressure is considerably less than the average pressure on the surface of the
globe generally ; and that anomalous differences, also of considerable amount, exist in the
mean annual pressure in different parts of the Arctic Ocean. These all require special
attention, with a view to obtain a more perfect knowledge of the facts, in regard to their
amount, geographical extension, and variation with the change of seasons, as well as to the
elucidation of their causes. k :

Dry Air and Aqueous Vapor—The apparently anomalous variations which have been
noticed to exist in the mean annual barometric pressure, and in its distribution in the different
seasons and months of the year, are also found to exist in each of the two constituent pressures
which conjointly constitute the barometric pressure. In order to study the problems connected
with these departures from a state of equilibrium under their most simple forms—and generally
for the true understanding of almost all the great laws of atmospheric change—it is necessary
to have a separate knowledge of the two constituents (viz: the pfessures of the dry air and of
the aqueous vapor) which we are accustomed to measure together by the barometer. This
separate knowledge is obtained by means of the hygrometer, which. determines the elasticity
of the vapor, and leads to the determination of that of the dry air, by enabling us to deduct
the elasticity of the wvapor from that of the whole barometric pressure. It is therefore
extremely desirable that tables, similar to those recommended under the preceding head of
the barometer, should be formed at every land station, and over the ocean at the centres of
geographical spaces bounded by certain values of latitude and longitude, for the amnual,
monthly, and season pressures—1. Of the aqueous vapor; and 2. Of the dry air; each con-
sidered separately. Bach of the said geographical spaces will require its appropriate ledger
for each of the twelve months. | :

It may be desirable to notice one or two of the problems connected with extensive and
important atmospherical laws, which may be materially assisted by such tables.

1°. By the operation of causes, which are too well known to require explanation here,
the dry air should always have a minimum pressure in the hottest months of the year. But
we know that there are places where the contrary prevails, namely, that the pressure of the dry
air is greater in summer than in winter. We also know that, when comparison is made between
places in the same latitude, and having the same, or very nearly the same, difference of
temperature in summer and in winter, the differences between the summer and winter
bressures of the dry air are found to be subject to many remarkable anomalies. The variations
in the pressure of the dry air donot, therefore, as might be at first imagined, depend altogether
‘on the differences between the summer and winter temperatures at the places where. the
variations themselves occur. The increased pressure in the hottest months appears rather to
point to the existence of an overflow of air in the higher regions of the atmosphere from lateral
sowrces,; the statical pressure at the base of the column being increased by the augmentation

3 m¥
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of the superincumbent mass of air-arising from an influx in the upper portion. Such lateral
sources may well be supposed to be due to excessive ascensional currents caused by excessive
summer heats in certain places of the globe, (as, for example, in Central Asia.) Now, the
lateral overflow from such sources, traversing in the shape of currents the higher regions of the
atmosphere, and encountering the well-known general current flowing from the equator towards
the pole, has beenrecently assigned with considerable probability (derived from its correspondence
with many otherwise anomalous phenomena already known, and which all receive an explanation
from such supposition) to be the original source or primary cause of the rofating storms or
cyclones, so well known in the West Indies and in China under the names of hurricanes and
typhoons. A single illustration may be desirable. Let it be supposed that such an excessive
ascensional current exists over the greatly heated parts of Asia and Africa in the northern
tropical zone—giving rise, in the continuation of the same zone over the Atlantic Ocean, to a
lateral current in the upper regions ; this would then be a current prevailing in those regions
from east to west; and it would encounter over the Atlantic Ocean the well-known upper
current proceeding from the equator towards the poles, which is a current from the southwest.
An easterly current impinging on a southwest current may give rise, by well-known laws, to a
rotatory motion in the atmosphere, of which the direction may be the same as that which
characterizes the cyclones of the northern hemisphere. To test the accuracy of this explana-
tion, we desire to be acquainted with the variations which the mean pressure of the dry air
undergoes in the different seasons in the part of the globe where, according to this explanation,
considerable variations, having particular characters, ought to be found. ‘
2°. We have named one of the explanations which have been recently offered of the
primary cause of the northern cyclones. Another mode of explanation has been proposed, by
- agsuming the condensation of large quantities of vapor, and the consequent influx of air to
supply the place. In such case, the phenomena are to be tested in considerable measure by
the variations which the other constituent of the barometric pressure, namely, the agueous vapor,
undergoes. ) , '
89, The surface of sea in the southern hemisphere much exceeds that in the northern
hemisphere. It is therefore probable that, at the season when the sun is over the southern
hemisphere, evaporation over the whole surface of the globe is more considerable than in the
opposite season when the sun is over the northern hemisphere. Supposing the pressure of
the dry air to be a constant, the difference of evaporation in the two seasons may thus produce
for the whole globe an annual barometric variation, the aggregate barometric pressure over the
whole surface being highest during the northern winter. The séparation of the barometric
pressure into its two constituent pressures, would give direct and conclusive evidence of the
cause to which such & barometric variation should be ascribed. It would also follow that
evaporation being greatest in the south, and condensation greatest in the north, the water
which proceeds from south to north in a state of vapor would have to return to the south in a
‘liquid state, and might possibly exert some discernible influence 6n the currents of the ocean.
The tests by which the truth of the suppositions thus advanced may be determined, are the
variations of the meteorological elements in different seasons and months, determined by
methods and instruments strictly comparable with each other, and arranged in such tables as
have been suggested. A still more direct test would indeed be furnished by the fact (if it
‘could be ascertained) that the quantity of rain which falls in the northern is greater than that
which falls in the southern hemisphere; and by examining its distribution into the different
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months and seasons of its occurrence. - Data for such conclusions are as yet very insufficient ;
kthey should always, however, form a part of the record at all land stations where registers
- are kept. ‘ ' o

In order that all observations of the elasticity of the aqueous vapor may be strictly
comparable, it is desirable that all should be computed by the same tables; those founded
upon the experiments of MM. Regnault and Magnus may be most suitably recommended for
this purpose, not only on their general merits, but also as being likely to be most generally
adopted by observers in other countries.

Temperature of the air.—Tables of the mean temperature of the air in the year, and in
the different months and seasons of the year, at above 1,000 stations on the globe, have recently
been computed by Professor Dové, and published under the auspices of the Royal Academy
of Sciences at Berlin. This work—which is a true model of the method in which a great body
of meteorological facts, collected by different observers and at different times, should be brought
together and co-ordinated—has conducted, as is well known, to conclusions of very considerable
importance in their bearing on climatology and on the general laws of the distribution of heat
on the surface of the globe. These tables have, however, been formed exclusively from
observations made on land. For the completion of this great work of physical geography,
there is yet wanting a similar investigation for the oceanic portion ; and this we may hopefully
anticipate as likely to be now accomplished by means of the marine observations about to be
undertaken. In the case of the temperature of the air, as in that of the atmospheric pressure
previously adverted to, the centres of geographiéal spaces bounded by certain latitudes and
. longitudes will form points of concentration for observations, which may be made within those
spaces, not only by the same but also by different ships ; provided that the system be steadily
maintained of employing only instruments which shall have been examined, and their inter-
comparability ascertained, by competent and responsible authority; and provided that no
observations be used but those in which careful attention shall have been given to the
precautions which it will be necessary to adopt, for the purpose of obtaining the correct
knowledge of the temperature of the external air amidst the many disturbing influences from
heat and moisture so difficult to escape on board ship. In this respect, additional precautions
must be used if night observations are to be required, since the ordinary difficulties are
necessarily much enhanced by the employment of artificial light. Amongst the instructions
which will be required, perhaps there will be none which will need to be more carefully
drawn than those for obtaining the correct temperature of the external air under the
continually varying circumstances that present themselves on board ship. ‘

In regard to land stations, Professor Dové’s tables have shown that data are still pressingly
required from the British North American possessions intermediate between the stations of
the Arctic Expeditions and those of the United States; and that the deficiency extends across
the whole North American continent in those latitudes from the Atlantic to the Pacific.
Professor Dové has also indicated as desiderata, observations at the British military stations
in the Mediterranean, (Gibraltar, Malta, and Oorfu,) and around the coast of Australia and
New Zealand ; and also that hourly observations, continued for at least one year, are particularly
required at some one station in the West Indies to supply the diurnal corrections for existing
observations, o

Whilst the study of the distribution of heat at the surface of the globe has thus been
making progress, in respect to the mean anmual temperature in different places, ‘and to its
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periodical variations in different parts of the year at the same place, the attention of physical
geographers has recently been directed (and with great promise of important results to the
material interests of men as well as to general science) to the causes of those fluctuations in the
temperature, or departures from its mean or normal state at the same "place and at the same
period of the year, which have received the name of ‘‘non-periodic variations.”” It is known
that these frequently affect extensive portions of the globe at the same time, and are generally,
if not always, accompanied by a fluctuation of an opposite character, prevailing al the same
time in some adjoining but distant region ; so that by the comparison of synchronous observa-
tions a progression is traceable, from a locality of maximum increased heat in one region, to
one maximum diminished heat in another region. For the elucidation of the non-periodic
variations even monthly means are insufficient; and the necessity has been felt of computing
the mean temperatures for periods of much shorter duration. The Meteorological Institutions
of those of the European States which have taken the foremost part in the prosecution of
meteorology, have in consequence adopted five-day means, as the most suitable intermediate
gradation between daily and monthly means; and as an evidence of the conviction which is
entertained of the value of the conclusions to which this investigation is likely fo lead, it has
been considered worth while to undertake the prodigious labor of "calculating the five-day
means of the most reliable existing observations during a century past. This work is already
far advanced; and it cannot be too strongly recommended, that at all fixed stations, where
observations shall hereafter be made with sufficient care to be worth recording, five-day means
may invariably be added to the daily; monthly, and annual means into which the observations
are usually collected. The five-day means should always commence with January 1, for the
purpose of preserving the uniformity at different stations, which is essential for comparison ;
in leap year, the period which includes the 29th of February will be of six days.

In treaﬁng climatology as a science, it is desirable that some correct and convenient mode
should be adopted for computing and expressing the comparative variability to which the
temperature in different parts of the globe, and in different parts of the year in the same place,
is subject from non-periodic causes. The probable variability, computed on the same principle
as the probable error of each of a number of independent observations, has recently been sug-
gested as furnishing an index ‘‘of the probable daily non-periodic variation’’ at the different
seasons of the year ; and its use in this respect has been exemplified by calculations of the
‘‘index’’ from the five-day means of twelve years of observations at Toronto, in Canada, (Phil.
Trams., 1853, Art. V.) Anindex of this description is, of course, of absolute and general appli-
cation ; supplying the means of comparing the probable variability of the temperature in
different seasons at different places (where the same method of computation is adopted) as well
as at the same place. It is desirable that this (or some preferable method if such can be devised
for obtaining the same object) should be adopted by those who may desire to make their ob-
servations practically useful for sanitary or agricultural purposes or for any of the great variety
of objects for which climatic peculiarities are requred to be known. Having these three data,
viz: the mean annual temperature, its periodical changes in respect to days, months, and seasons,
and the measure of its liability to non-periodic (or what would commonly be called irregular)
variations, we may consider that we possess as complete a representation of the climate of any
particular place (so far as temperature is concerned) as the present state of our knowledge
permits.

It is obvious that much of what has been said under this article is more applicable to land
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than to sea observations ; but the letter of the Board of Trade, to which this is a reply, re-
quests that both should be contemplated. ‘ ’

Temperature of the sea, and Investigations regarding Currents.—It is unnecessary to dwell
on the practical importance to navigation of a correct knowledge of the currents of the ocean ;
their direction, extent, velocity, and the temperature of the surface water relatively tothe ordinary
ocean temperature in the same latitude ; together with the variationsin all these respects which
currents experience in different parts of the year and in different parts of their course. As
the information on these points, which may be expected to follow from the measures adopted
by‘the Board of Trade, must necessarily depend in great.degree on the ¢ntelligence, as well as
the dnferest taken in them by the observers, it is desirable that the instructions to be supplied
with the meteorological instruments should contain a brief summary of what is already known
in regard to the principal oceanic currents ; accompanied by charts on which their supposed
limits in different seasons, and the variations in those limits which may have been observed in
_ particular years, may be indicated, with notices of the particularities of the temperature of the
‘surface water by which the presence of the current may be recognized. Forms will also be
required for use in such localities, in which the surface temperatures may be recorded at hourly
or half-hourly intervals, with the corresponding geographical positions of the ship, as they
may be best inferred from observation and reckoning. For such localities also it will be
necessary that the tables, into which the observations of different ships at different seasons are
collected, should have their bounding lines of latitude and longitude brought nearer together
than may be required for the ocean at large. : _

In looking forward to the results which are likely to be obtained by the contemplated
marine observations, it is reasonable that those which may bear practically on the interests of
navigation should occupy the first place ; but, on the other hand, it would not be easy to over-
estimate the advantages to physical geography of general tables of the surface temperature of
the ocean in the different months of the year, exhibiting, as they would do, its normal and its
abnormal states, the mean temperature of the different parallels, and the deviations therefrom,
whether permanent, periodical, or occasional. The knowledge which such tables would convey
is essentially required for the study of climatology as a science. '

The degree in which climatic variations, extending over large portions of the earth’s
surface, may be influenced by the variable phenomena of oceanic currents in different years,
may perhaps be illustrated by circumstances of known occurrence in the vicinity of our own
coasts. The admirable researches of Major Rennell have shown that in ordinary years the
warm water of the great current known by the name of the Gulf Stream is not found to the
‘east of the meridian of the A_zdres ; the sea being of ordinary ocean temperature for its latitude
at all seasons and in every direction, in the great space comprised between the Azores,‘an‘d
the coasts of Burope and North Africa ; but Major Rennel has also shown that on two occasions,
viz: in 1776 and in 1821, 1822, the warm water by which the Gulf Stream is characterized
throughout its whole course, (being several degrees above the ordinary ocean temperature in the
same latitude, was found to extend across this great expanse of ocean, and in 1776 (in particu-
lar) was traced (by Dr. Franklin) quite home to the coast o.f Europe. The presence of a body
of unusually heated water, extending for geveral hundred miles both in latitude and in longitude,
and continuing for several weeks, at a season of the year when the prevailing winds blow from
that quarter on the coasts of England and France, can scarcely be imagined to be without a
considerable influence on the relations of temperature and moisture in those countries. In



XXI1 INTRODUCTION.

accordance with this supposition; we find in the meteorological journals of the more recent
period, (which are more easily accessible,) that the state of the weather in November and
December, 1821, and January, 1822, was so unusual in the gouthern parts of Great Britain and
in France as to have excited general observation ; we find it characterized as *‘most extraor-
dinarily hot, damp, stormy and oppressive,” that ‘‘the gales from the W. and SW. were almost
without intermission,’’ “the fall of rain was excessive’’ and ‘“the barometer lower than it had
ever been known for 35 years before.”’

There can be little doubt that Major Rennell was right in ascribing the unusual extension
of the Gulf Stream in particular years to its greater initial velocity, occasioned by a more
than ordinary difference in the levels of the Gulf of Mexico and of the Atlantic in the preceding
summer. An unusual height of the Gulf of Mexico at the head of the stream, or an unusual
velocity of the stream at its outset in the Strait of Florida, are facts which may admit of being
recognized by properly directed attention ; and as these must precede, by many weeks, the
arrival of the warm water of thé stream at above 3,000 miles distance from its outset, and the
climatic effects thence resulting, it might be possible to anticipate the occurrence of such
unusual seasons ﬁpon our coasts.

“ Much, indeed, may undoubtedly be done towards the increase of our partial acquaintance
with the phenomena of the Gulf Stream, and of its counter currents, by the collection and
co-ordination of observations made by casual passages of ships in different years and different
seasons across different parts of its course ; but for that full and complete knowledge of all
its particulars which should meet the maritime and scientific requirements of the period in
which we live, we must await the disposition of Government to accede to the recommenda-
tion so frequently made to them by the most eminent hydrographical authorities, of a specific
survey of the stream by vessels employed for that special service. What has been recently
accomplished by the Government of the United States in this respect shows both the import-
ance of the inquiry and the great extent of the research ; and lends great weight to the
proposition which has been made to Her Majesty’s Government on the part of the United
States, for a joint survey of the whole stream by vessels of the two countries. The establishment
of an office under the Board Trade, specially charged with the reduction and co-ordination of
such data, may materially facilitate such an undertaking.

Storms or Gales.—It is much to be desired, both for the purposes of mnavigation and for
those of ‘general science, that the captains of Her Majesty’s ships, and masters of merchant
vessels, should be correctly and thoroughly instructed in the methods of distinguishing in all
cases, between the rotatory storms or gales, which are properly called cyolnes, and gales of a more
ordinary character, but which are frequently accompanied by a veering of the wind, which,
under certain circumstances, might easily be confounded with the. phenomena of cyclones,
though due to a very different cause. It is recommended, therefore, that the instructions
proposed to be given to ships supplied with meteorological instruments should contain clear
and simple directions for distinguishing, in all cases and under all circumstances, between these
two kinds of storms ; and that the forms to be issued for recording the meteorological pheno-
mena during great atmospheric disturbances should comprehend a notice of all the particulars
which are required for forming a correct judgment in this respect. , 7

Thunder-storms.—It is known that in the high latitudes of the northern and southern hemi-
spheres thunder-storms are almost wholly unknown ; and it is believed that they are of very

rare occurrence over the ocean in the middle latitudes when distant from continents. By a
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suitable classification and arrangement of -the documents which will be henceforward received
by the Board of Trade, statistical tables may in process of time be formed, showing the com-
p.arative frequency of these phenomena in different parts of the ocean, and in different months of
the year. .

It is known that there are localities on the globe where, during certain months of the
year, thunder-storms may be considered -as a periodical phenomenon of daily occurrence. In
the Port Royal Mountains in Jamaica, for example, thunder-storms are said to take place daily,
about the hour of noon, from the middle of November to the middle of April. Tt is much to -
be desired that a full and precise account of such thunder-storms, and of the circumstances in
which they appear to originate, should be obtained. :

- In recording the phenomena of thunder and lightning, it is desirable to state the duration
of the interval between the flashes of lightning and the thunder which follows. This may be
done by means of a seconds-hand watch, by which the time of the apparition of the flash, and
of the commencement (and of the conclusion also) of the thunder may be noted. The interval
between the flash and the commencement of the thunder has been known to vary, in different
cases, from less than a single second to between 40 and 50 seconds, and even on very rare occasions
to exceed 50 seconds.” ‘The two forms of ordinary lightning, viz : zigzag (or forked) lightning,
and sheet lightning, should always be distinguished apart ; and particular attention should be
given both to the observation and to the record, in the rare cases when zigzag lightning either
‘biful.'cates or returns upwards. A special notice should not fail to be made when thunder and
lightning, or eifuhe’r separately, occur in a perfectly cloudless sky. 'When globular lightning
(balls of fire) are seen, a particular record should be made. of all the attendant circumstances.
‘These phenomena are known to be of the nature of lightning, from the injury they have occa-
sioned in ships and buildings that have been struck by them ; but they differ from "ordinary
lightning not only by their globular shape, but by the length of time they continue visible,
and by their slow motion. They are said to occur sometimes without the usual accompaniments
of a storm, and even a perfectly serene sky. Conductors are now so universally employed in
ships, that it may seem almost superfluous to remark that, should a ship be struck by lightning,
thé most circumstantial account will be desirable of the course which the lightning took, and
of the injuries it occasioned ; or to remind the seaman that it is always prudent, after. such an
accident has befallen a ship, to distrust her compasses until it has been ascertained that their
direction has not been altered. -Accidents occuring on land from lightning will, of "course,
receive the fullest attention from meteorologists who may be within convenient distance:of the
spot.. ‘ ,

Auroras and Folling Stars.—Auroras are of such rare occurrence in seas freqqented by
‘ships engaged in commerce, that it may éeem‘superﬂuous to give any particular directions for
their observations af sex ; and land observatories are already abundantly furnished with such.
It is, of course, desirable that the meteorological reports received from ships should always
contain a notice of the time -and place where auroras may beseen, and of any remarkable
features that may attract attention.

The letter from Professor Heis, which is one of the foreign communications annexed,
indicates the principal points to be attended toin the instructions which it may be desirable
to draw up for the observation of ‘' Falling Stars.’’ For directions concerning halos and
parhelia, a paper by Monsieur Bravais, in the Annuaire Météorologique de lo France for 1851,
containg suggestions which will be found of much value,
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Charts of the Magnetic Variation.—Although the variation of the compass does not belong
in strictness to the domain of meteorology, it has been included, with great propriety, amongst
the subjects treated of by the Brussels Conference, and -should not therefore be omitted here.
It is scarcely necessary to remark, that whatever may have been the practice in times past,
when the phenomena of the earth’s magnetism were less understood than at present, it should
in future be regarded as indispensable that variation charts should always be constructed
for a particular epoch, and that all parts of the chart should show the wvariation corresponding to
the epoch for which it is constructed. Such charts should also have, either engraved on the face
or attached in some convenient manner, a table, showing the approximate annual rate of the
secular change of the variation in the different latitudes and longitudes comprised ; so that, by
means of this table, the variation taken from the chart for any particular latitude and longitude
may be corrected to thevyear for which it is required, if that should happen to be different
from the epoch for which the chart is constructed.

A valuable service would be rendered to this very important branch of hydrography if,
under the authority of the new department of the Board of Trade, variation charts for the
North and South Atlantic Oceans, for the North and South Pacific Oceans, for the Indian
Ocean, and for any other localities in which the requirements of navigation might call for
them, were published at stated intervals, corrected for the secular change that had taken place
since the preceding publication. Materials would be furnished for this purpose by the obser-
vations which are now intended to be made, supposing them to be collected and suitably
arranged with proper references to date and to geographical position, and to the original
reports in which the results and the data on which they were founded were communicated.

By means of these observations, the tables of approximate correction for secular change
might also be altered from time to time as occasion should require, since the rate of secular
change itself is not constant.

. All observed varlatlons, commumcated or employed as date. upon which variation charts
may be either constructed or corrected, should be accompanied by other observational data
(the nature of which ought now to be well understood) for correcting the observed variation
for the error of the compass occasioned by the ship’s iron. It also is strengly recommended
that no observations be received as data for the formation or correction of variation charts but
such as are accompanied by a detailed statement of the principal elements both of observation
and of calculation. Proper forms should be supplied for this purpose ; or, what is still better,
books of blank forms may be supplied, in which the observations themselves may be entered,
and the calculation performed by which the results are obtained. Such books of blank forms
would be found extremely useful, both for the variation of the needle and for the chronome-
trical longitude, (as well as for lunar observations, if the practice of lunar observations be not,
‘as there is too much reason to fear it is, almost wholly discontinued.) By preparing and
issuing books of blank forms suitable for these purposes, and by requesting their return in
accompaniment with the other reports to be transmitted to the Board of Trade at the conclu-
sion of a voyage, the groundwork would be laid for the attainment of greatly improved habits
of accuracy in practical navigation in the British mercantile marine.

The President and Council are aware that they have not exhausted the subject of this
reply in what they have thus directed me to address to you; ; but they think that perhaps

they have noticed as many points as may be desirable for present attention ; and they desire
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me to add that they will be at all times ready to resume the consideration, if required, and to
supply any further suggestions which may appear likely to be useful. Ihave the honor to be, &c.,

' W. SHARPEY, Sec. R. S.
To the Secretary of the Lords of the Committee of Privy Council for Trade.

With returning peace and quiet to Europe, we find encouragement to hope that the
subject of another meteorological conference will again occupy the attention of the great
powers of the earth. The magnetic telegraph, the improved instruments, the consent of
meteorologists,—nay, the expressed wishes and earnest desire of the most emment among
them,—the co- operation of navigators as observers at sea, the progress which the science of
meteorology has been making, and its present condition, seem propitious ; they all conspire to
make g, general system of meteorological co-operation and research for sea and land more and

~more desirable ; nay, they indicate and point to it as a requirement of the age.

Every state in christendom is doing something in the meteorological way. Every
Sovereignty in Europe has established meteorological observatories, provided instruments, and
organized a working force of more or less power within its own limits. Thus the expense
is incurred, laborers are standing ready in the field, and all the machinery for a universal
System is at hand. It only remains to gear it together so that it may move and act in concert.
Harmony and glorious results will follow. Spain and Portugal have each within a few years
established a system of meteorological observations—the former under the able superinten-
dence of Sefior Don Ma. Rico y Sinobas ; the latter under that of Dr. G. J. A. D. Pegado.
The imperial observatory in Paris has gone a step further: It receives by telegraph a report
as to the state of the weather, at 7 A. M., daily, from no less than 24 stations, of which St.
Petersburgh, Constantinople, Alger, Rome and Lisbon are outposts.

‘The French Academy of Sciences has always favored the plan of a general system Kupffer,
of Russia, is one of its earliest projectors and advocates. The British Government, at the
instance of General Burgoyne and Colonel James, once proposed to all nations a uniform plan
for certain shore stations; unfortunately it was suffered to fall through. That admirable man
of science, M. Quetelet, the President of the Brussels Conference, is most earnest and active
in favor of establishing an international plan of meteorological co-operation on the land, and
of connecting it with our system for the sea; so are Jomard of Paris, and Leverrier. M.
Dové, one of the great meteorologists of the Continent, went from Berlin to Liverpool, to
attend the meeting of the British Association, there to advocate the measure in person.
Kamtz of Dorpat, Heis of Miinster, Kreil of Vienna, Lamont of Bavaria, and Secchi of Rome,
are also understood to be warm friends and advocates of such a universal system. Spain,
Naples, and the Holy See have already ‘signified their readiness to join other States in a
universal system of meteorological observations, The governments of South America, the
authorities of India, Portugal, Holland, Denmark, Norway and Sweden, have also either
directly signified their readiness to go into conference on such a system, or, by their enlightened
and liberal course, given us reason to infer that, when properly solicited, they would not be
found in opposition to any such plan for advancing the cause of meteorological science, and
through it the good of the human family. I am assured by the friends of this measure in
Europe, that if the United States will but do for the extension of our observations .to the.
land what was done by Mr. Everett and Mr. Webster, while Secretaries of State, and by
Governor Graham and Mr. Dobbin, while Secretaries of the Navy, for the establishing of them
at-sea, the nations, and meteorologists of Great Britain and the Continent, would meet us as
readily again, and join hands with us as cordially, as they did at Brussels in 1853.

4 u*
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~ Prare I is intended to illustrate the Pilot Charts, and is a section taken from one of the
manuscripts of that series. It illustrates the method for co-ordinating for these charts the
winds as reported in the abstract logs. For this purpose the ocean is divided into convenient
sections, usually five degrees of latitude by five degrees of longitude. These parallelograms
are then subdivided into a system of engraved squares; the months of the year being the
ordinates, and the points of the compass being the abscissas. As the wind is reported by a
vessel that passes through any part of the parallelogram, so it is assumed to have been at that
time all over the parallelogram. From such investigations as this the Pilot Charts are con-
structed. (Vide p. 297, et seq.)

~ Plate II is explanatory of the Pilot Charts as they appear when published. It is a sample
of them, and is fully explaned at p. 297, ef seq.

Plate III is a diagram of the winds, and is intended especially to illustrate the circulation
of the dtmosphere, as described in Chapter II, p. 16. The arrows and bands within the
circumference of the circle are intended to show the calm belts, and prevailing direction of
the wind on each side of those belts. The arrows exterior to the periphery of the circle—
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 strata of winds in the general system of atmospherical
circulation ; and also to illustrate how the air, brought by each stratum to the calm belts, there
ascends, or descends, as the case may be; and then, continuing to flow on, how it crosses over
in the direction in which it was travelling when it arrived at the calm zone. (Vide p. 17.)

Plate IV is a sample of the Storm and Rain Charts. It is an extract from one of them.
(Vide p. 317.)

Plate V : the data for this Plate are furnished by the Storm and Rain Charts, including
observations for 107;277 days in the North Atlantic, and 158,025 in the South ; collated by
Lieutenant J. J. Guthrie, at the Washington Observatory, in 1855.

The heavy vertical lines, 5°, 10°, 15° &c., represent parallels of latitude, the other
vertical lines, months ; and the horizontal lines, per cents., or the number of days in a hundred
on which storms, rain, &c., occur. )

The continuous curve line stands for phenomena in the North, and the broken curve line
for phenoména in the South Atlantic. Thus the Gale Curve shows that in every hundred days,
and on the average, in the month of January of different years, there have been observed, in
the northern hemisphere, 36 gales (36 per cent.) between the parallels of 50° and 55°; whereas
during the same time and between the corresponding parallels in the southern hemisphere,
only 10 gales on the average (10 per cent.) have been reported.

The fact is here developed that the atmosphere is in a more unstable condition in the
North than in the South Atlantic ; that we have more calms, more rains, more fogs, more gales,
and more thunder in the northern than in the southern hemisphere, particularly between the
equator and the 55th parallel. Beyond that, the influence of Cape Horn becomes manifest.
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“Plate VI is intended to demonstrate how the winds may become geological agents. It
shows whence the winds that blow; in the general system of atmospherical circulation, over the
deserts and thirsty lands in Asia and Africa (where the annual amount of precipitation is small,)

_are supposed to get their vapors; where, as surface winds, they are supposed to condense
portions of it; and whither they are supposed to transport the residue thereof through the
upper reglons retaining it until they again become surface winds. To make clear the course
of such vapor- bearing winds, let A be a breadth or swarth of winds in the northeast trades;
B, the same wind as the upper and counter-current to the southeast trades; and C, the same
wind after it has descended in the calm belt of Capricorn, and come out on the polar side thereof,
as the rain winds and prevailing northwest winds of the extra-tropical regions of the southern
hemisphere, ‘ :

This wind, when in the northeast trades, was the evaporating wind ; as the northeast trade-
wind, it swept over a great waste of waters lying between the tropic of Cancer and the equator.

Meeting no land in this long oblique track, over the tepid waters of a tropicul 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 northeast from the southeast trade-winds.
Here, depositing a portion of its vapor 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 southeast
as far as the calms of Capricorn. Here, according to the hypothesis which this plate is used
to illustrate, it descends and continues on toward the. coast of South America, in the same
direction, appearing now as the prevailing northwest wind of the extra-tropical regions of the

vsouthern hemisphere. Travelhng on the surface from warmer to colder regions, it must in
this part of its circuit, precipitate more than it evaporates.

Now it is & coincidence, at least, that this is the route by which, on account of the land
in the northern hemisphere, the northeast trade-winds have the fairest sweep over that ocean ;
that this is the route by which they are longest in contact with an evaporating surface ; that
this is the route by which all circumstances are most favorable to complete saturation; and
that this is the route by which such winds can pass over into the southern hemisphere most
heavily laden with vapors for the extra-tropical regions of that half of the globe ; and, more-
over, that this is the supposed route which the northeast trade-winds of the Pacific do take to
reach the equator, and to pass from it.

I have also marked on this plate the supposed track of the sea-dust, showing where it
was taken up in South America, as at P, P, and where it was found as at S, S; the part of the
line in dots denoting where it was in the upper current, and the unbroken line where it was
wafted by a surface current ; also, on the same plate is designated the part of the South Pacific
in which the vapor -springs for the Mississippi rains are supposed to be. The hands (%&5.)
point out the direction of the vapor-bearing wind. Where the shading is ‘light, the vapor is
Supposed to be carried by an upper current.—(See p. 47, et seg.)

Plates VII and VIII are drawings of Brooke’s Improved Deep-Sea Sounding Apparatus,
which is fully described at p. 120.

Plate IX illustrates the method of co-ordinating for the Whale Charts, in order to show -
how many days in each month for each district have been spent by vessels in search of whales,
and on how many of these days whales have been seen. It is fully explained at p. 319.

Plate X is o sample of the Whale Charts that are constructed after the materials for it
have been co-ordinated in the manner of Plate IX. It is fully explained at p. 319, ef seq.
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Plates XI and XII are orographic of the Atlantic Ocean, and exhibit completely the
present state of our knowledge with regard to the elevations and depressions in the bed of
that sea. The first and darkest shade of stippling—Plate XI—going from the shore, represents
all depths of less than 1,000 fathoms; the next, of more than 1,000, but less than 2,000; the
next, of more than 2,000, but less than 3,000, and so on, each shade representing 1,000 fathoms.
The unshaded place south of Newfoundland is, probably, the deepest part of the North
Atlantic. (Vide p. 167.)

Fig. 3, Plate XII is the profile of the Atlantic as to depth along the Telegraphic Plateau,
according to Lieutenant Berryman’s soundings, as actually recorded in the abstract log of the
United States steamer Arctic, at.the time the soundings were made. Figs. 1 and 2, of the
same plate, are the profiles of the same as projected at different times by that officer from said
soundings. They are given to show the true character of those soundings, and to satisfy those
who are interested in the problem of deep-sea soundings that those of the Arctic are not entitled
to 'the confidence of any, physicist. Vide pp. 154, 156. TFig. 4 is the profile of the same
according to the soundings of Commander Dayman in her Britannic Majesty’s steamer
‘““Cyclops.””  That officer proceeded in the most faithful manner to execute this duty. A

~ complete record of the work in all desirable detail has been published by the admiralty. e
used sometimes a Massey’s sounding machine, sometimes the common deep sea hand line,
weighing 23 pounds to the 100 fathoms, sometimes a tapered whale line, weighing 96 pounds to
the 100 fathoms, and sometimes a silk thread about ! of an inch in diameter. His weights
also varied from 32 to 96 pounds. = This difference as to line, sinker, and method may help to
account for the apparent regularity in the undulation of the bottom. These soundings make
the sea 1o ‘appear deeper thom it really is.* TFigs. 5 and 6 are sections, natural size of the sub-
Atlantic telegraphic cord of 1857. Vide p. 181. .

Plate XTI illustrates many phenomena connected with the Gulf Stream, and the general
movement of the waters in the North Atlantic Ocean. It shows the mean place of the Sargasso
Sea, also the channel way of the Gulf Stream. The diagram A shows a thermometrical profile
presented by cross sections of the Gulf Stream, according to observations made by the hydro-
graphical parties of the United States Coast Survey. The elements for this diagram were
kindly furnished me by the superintendent of that work. They are from a paper on the Gulf
Stream, read by him before the American Association for the Advancement of Science, at its
meeting in Washington, 1854. Imagine a vessel to sail from the Capes of Virginia straight
out to sea, crossing the Gulf Stream at righ't angles, and taking the temperature of its waters,
both at the surface and at various depths. This diagram shows the elevation and depression
of the thermometer across this section, as they were actually observed by such a vessel.

The black lines z, ¥, # in the Gulf Stream, show the course which those threads of warm
waters take. The lines a, b, show the route that the unfortunate steamer San Francisco
would, according to calculation, take after her terrible disaster in December, 1853, (Vide pp.
101, 108, &c.)

Plate XIV ig a diagram illustrative of the general circulation of the ocean as induced
chiefly by changes of temperature as well as differences of temperature ; it also shows the
most favorite places of resort to the whale. (Vide pp. 84, 88.) Just west of South America,
there is a large region of the Pacific which secms to be avoided by the whales as well as by
other creatures. Seamen have described it to me as the most desolate and lifeless part of

# A copy of these soundings was not received in time for discussion in the appropriate place.
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the ocean through which they have ever passed. Even the birds, the cape pigeons and stormy
Pbetrels, and others, which have followed them for many days, disappear here, and almost all
signs of animation cease. . It is traversed by the homeward bound vessels from Australia,
Including those that go to Peru for guano. Captain Leighton, of the English ship Marion,
in an abstract log kept by him, on a voyage, in 1855, from Australia to Callao, and returned
to this office, thus speaks of it:—

‘‘Between the positions of 44° and 39° 8. and 122° and 88° W. appeared to me remarkably
desolate. There was nothing seen in the water and the air, which, in the great Southern
Ocean, are so generally aiive with birds ; we were almost deserted. Those desirable companions,
the cape Pigeons, were never seen, and very rarely the whale bird; but the universal petrel
Was never seen, and they had stuck to us constantly even through the tropics. Two or three
albatrosses, or the bird like and next in size to it, were all that we saw.”’ : .

The attention of navigators is invited to this place and circumstance, for I should be glad
tohave more light upon this subject.

Plate XV is intended simply to show, in a very general way, the prevailing quarter of the
winds, the calm belts, and some of the principal routes, as derived from the series of investi-
gations illustrated on Plate I, Vol. I. When the cross lines representing the yards are
oblique to the keels of the vessels on the plate, they indicate that the winds are, for the most
part, ahead ; when perpendicular or square, that the winds are, for the most part, fair. The
figures on or near the diagrams representing the vessels show the average length of .the
passage in days. :

The arrows denote the prevailing quarter of the wind ; they are supposed to fly with it ;

so that the wind is going as the arrows point. The half-bearded and half feathered arrows
represent monsoons ; and the stippled or shaded belts, the calm zones. : ‘

In the regions on the polar side of the calms of Capricorn and of Cancer, where the
arrows are flying both from the northwest and the southwest, the idea intended to be conveyed
is, that the prevailing direction of the wind is between the northwest and the southwest, and
that their frequency is from these two quarters, in proportion to the number of arrows. (Vide
Pp. 36, 41.)

Plate XVI :—Isotherms for March and September in North and South Atlantic. It is
very instructive, and shows at a glance not only that there is a marked difference of the climates
of countries situated at equal distances from the equator north and south, but the cause of that
difference. The isotherms'of 50° and 60° run nearly east and west across the South Atlantic;
but in the North, they run northeast with the Gulf Stream. (¥Vide p. 103.)

Plate XVIT exhibits the curves of temperature and specific gravity for every parallel of
latitude from Behring’s Straits to Cape Horn, and thence to New York; also, for every
meridian in the North Pacific between China and California, and in the South Indian Ocean
between Africa and Australia. Vide p- 236.

Plate XVIIT exhibits the curves of the thermal dilatation of sea water for every degree
of temperature from 22° to (90°2) It also exhibits drawings of the instruments used for these
determinations. Vide p- 237, et seq. , ,

Plate XIX is offered in explanation of the use to be made at sea of the blank barometric
chart of engraved squares which accompanies the abstract log.  Vide p. 367, 368. - _

Plates XX and XXXIX are the drawings of the ‘‘insects of the sea’” taken on board the
“‘Gloriana’ and the *‘Metropolis.”’ They are described at p. 223, et seq.
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THE TWELVE ¢SPOTTED"’ PLATES.—(GALES IN THE ATLANTIC.)

The twelve plates, 4. e., one for each month, relate to gales in the Atlantic. They are
derived from the Storm and Rain Charts, (pp. 317, 318;) they are expressed in colors and
addressed to the eye ; and are intended simply to show the relative frequency of gales during
each month in various parts of the Atlantic Ocean, North and South.

They are compiled from the abstract logs of the observatory, and embody the results of
265,292 days of observation.

These observations show, that in those parts of the ocean which are colored purple a
gale of wind is recorded, at least, as often as once in every six days; and so on for the blue
and pink as per explanation on the plates.

In those ‘parts of the ocean which are not colored, the logs show that a gale has not been
encountered as often on the average as once a fortnight. It should, however, be borne in
mind that the absence of these colors does not necessarily indicate a tranquil sea; many, and
probably stormy, parts are left blank for the want of observations. Take the plate for
January, by way of illustration: The abstract logs contain few or no records on the Polar
side of the colored spaces either in the North or South Atlantic. The waters on the Polar
side of these spaces lie in anti-commercial regions of the sea ; none of the frequented routes
of trade lead through them, and our information, therefore, as to the frequency of storms in
them is simply negative. '

On the equatorial side of these colored spaces, on the contrary, our information for the
most part is abundant, and it shows that however severe the tornadoes and hurricanes of the
inter-tropical seas may be, they do not occur, on the average, as frequently as the storms of
extra-tropical seas.

The limits of the stormy regions are traced with a free hand. Owing to the manner in
which the gales are ‘‘got out,’”’ this must be so. Each one of the parallelograms made by the
intersection of the 5° meridians with the 5° parallels of latitude, is called a field, and all the
observations that are made by vessels during their passage through any one field are grouped
together ; and whether these vessels happen to pass through one corner of the field only, or
through all parts of it, the observations are held to give character to the whole ficld.

But certainly the storms in their ragings are not confined by these sides of imaginary figures
or arbitrarily described parallelograms. Nevertheless, for the sake of connecting one stormy
parallelogram with another, the outlines of a stormy region have often been arbitrarily drawn.

Take the eastern end of the purple in the South Atlantic for January as an illustration: It so
"happens that we have but few observations ‘in the field between the meridians of 5° and 10°
west, and the parallels of 40° and 45° south. In the field to the east of that the records were
more abundant; they mention 82 gales in 489 days. Should the former field be left blank
because there are not so many observations in it? I have thought not.

With this explanation, we are surprised to see how very much more stormy are some
months than others, how tranquil the trade-wind regions are, and how very much more
boisterous is the North than the South Atlantic.

At no season of the year can the passage around either of the ‘‘Stormy Capes,’’ as poets
call them, vie for storms with the winter passage between England and America.

I have gone into an investigation of the abstract logs for the purpose of ascertaining the
most tranquil and favorable time for laying the sub-Atlantic Telegraph, with reference to gales,
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fogs, and ice. The season that presents the most favorable combination of these is also the
most favorable season for passenger travel across the Atlantic ; and that season is found to be
about the last of July and first of August. This part of the ocean is most tranquil in summer.
Taking averages, we have in it fewer gales but more fogs and ice in June than in July or
August, but fewer fogs and least ice in August. The last of July and first of August appear
to be the most favorable time for laying the sub-Atlantic Telegraph. This information may
be useful to invalids and others crossing the Atlantic, as well as those engaged in this enterprise.
These plates are obviously suggestive. They are the fruits of a beautiful system of
Physical research, in the prosecution of which the leading nations of the world are vieing
with each other ; and they are respectfully submitted as a small mite among the many offerings
that are daily cast into the common treasury, which I hope soon to see so enlarged that it will
comprehend the results of a like system of co-operation and research for the land also.
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THE WIND AND CURRENT CHARTS.

Investigations should be extended to the land, § 1.—The field of research, § 2.—Some of the bractica.l advantages n.h'eady
obtained for navigation, § 8.—Their importance to other nations, § 4. : :

THE great demand dmong seamen for these Charts, and the interest they have excited
among philosophers, make it proper to give some account of their origin and progress. We
will also take a survey of the field of research from which these Charts have been gathered,
and show the steps’ that have been taken to occupy it with laborers.

This seems to be the more proper, since I hope, by giving such an account, to impress
with the importance of the undertaking seafaring men, and others who have it in their power"
to facilitate the work. - . - . . | ,

“In the present condition of the surface of our planet,” says Baron Humboldt, the most
.celebrated philosopher of the age, “the area of the solid is to that of the fluid parts as 1 to 24,
(according to Rigaud, as 100 to 270.) The islands form scarcely ;% of “the continental masses,
“which are so unequally divided that they consist of three times more land in the northern than'
in .the southern hemisphere; the latter being, therefore, pre-eminently oceanic. From 40° -
south latitude to the antarctic pole the Earth is almost entirely covered with water. The

- fluid element predominates in like manner between the eastern shores of the old and the
western shores of the new continent, being only interspersed with some few insular groups.
The learned hydrographer Fleurieu has very justly named this vast oceanic basin, which, under
the tropics, extends over 145° of longitude, the Great Ocean, in contradistinction to all other
seas. The southern and western hemispheres (reckoning the latter from the merid_ia,n" of
Teneriffe) are therefore more rich in water than any other region of the whole earth. i . e

“These are the main points involved in the consideration of the relative. quantity: of land
and sea, a relation which exercises 80 important an influence on the distribution: of temperature,
the variation in atmospheric pressure, the direction of the winds, and the quantity of -mqisture
contained in the air, with which the development of vegetation is 8o Vess§ntiauy'copneoted._
When we consider that nearly three-fourths of the upper gurface of our planet. are covered
With water, we shall be less surprised at the imperfect condition of meteo.rology before the
beginning of the present century; since it is only during the subsequent period that numerous
accurate observations on the temperature of the sea at’ different latitudes, and at different.
8easons, have been made and numerically compared together.”—Humboldt’s Cosmos. ‘

1. “I beg you to express to Lieut. Manury, the ‘author -of fche.beautiful Charts -of the
Winds and Qurrents, prepared with so much care and profound learning, my hearty gratitude.
and esteem, . It is a great undertaking, equally important to the practical navigator and for
the advance of meteorology in general. It has been viewed in this light in Germany ] v all
persons who have a taste for physical geography. Inan analogous way, my theory of isothermal




2 . TIIE WIND AND CURRENT CHARTS.

lines (equal annual temperature) has for the first time become really fruitful, since Dove has
taught us the isotherms.of the several months chiefly on the land; since two-thirds of the
atmosphere rest upon the sea, Maury’s work is so much the more welcome and valuable,
because it includes at the same time the oceanic currents, the course of the winds, and the
temperature. How remarkable are the relations of temperatures in Sheet No.:2, South
Atlantic, east and west of longitude 40; how much would this department of meteorology gain
if it were filled up according to Maury’s proposition to Commodore Lewis Warrington con-
cerning the Abstract Log. The shortening of the voyage from the United States to the equator,
is a beautiful result of this undertaking. The bountiful manner in which these Charts are
distributed raises our expectatmns still higher.”—Baron Von Humboldt to Dr. Flugel U. 8.
_Consul, Leipsic.

2. Tt is not for the benefit of nav1gat10n alone that seamen are invited to make observations
and collect materials for the Wind and Current Charts ; other great interests besides those of
commerce have their origin in the ocean, or the air; and these interests are doubtless to be
advanced as we gain knowledge of the laws which govern the circulation of the atmosphere,
and regulate the movements of the aqueous portions of our planet. All knowledge is interesting.

The agricultural capacities of any place are as dependent upon the hygrometrical as they
are upon the thermometrical condition of the atmosphere. This is obvious and easily illustrated.

‘ Each kind of plant requires, for its most perfect development, a certain degree of moisture,
and the winds which bring that moisture can get it only from the sea, or other evaporating
surfaces. : o

It is often argued- because wine, olives, or other products are raised on a given parallel of
latitude, that they should be produced upon the same parallel wherever the proper soil is to
be found ; but the route which the winds from the ocean take in reaching the supposed par-
allel should not be overlooked.

Virginia and California are between the same parallels, yet how different their agricultural
resources, the character and flavor of their fruits! all owing, not so much to difference of soil

.as to the way the winds blows, the quantity of moisture they bring, the proportion of clouds
and sunshine allotted to each place.

The system of researches embraced by the Wind and Current Charts, therefore, concern
the philosopher and the husbandman, as well as the mariner, the merchant, and the statesman.

A wider field, or one more rich with promise, has never engaged the attention of the
philosopher. Though so often frequented, it has never been explored, if by exploration we

_ mean collecting and grouping, with the view of tracing, in the true spirit of inductive philoso-
phy, fact into effect, and effect up to cause, all those phenomena which mariners observe in
connection with the ocean and the air above it.

The mariner, therefore, when he is making and recording out at sea an observation in
‘connection with these Charts, should always remember that upon the fidelity of the observation
and the record depends the ability of the Philosopher to read aright the workings of those

- agents that are employed to produce, in the grand scheme of creation, those results which are
the subjects of his observations.

The wind and rain; the vapor and the cloud; the tide, the current, the saltness, depth,
warmth, and color of the sea; the shade of the sky; the temperature of the air; the tint and
form of the clouds; the height of the tree on the shore, the size of its leaves; the brilliancy of
the flowers;—each and all may be regarded as the exponent of certain physical combinations,
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and; therefore, as the expression in. which Nature chooses to announce her meaning, or the
language in which she writes the operation of her laws. To understand that language, and to
interpret aright those laws, is the object of the undertaking which those who co-operate with -
me have in hand. To those who tread the walks of inductive philosophy no fact gathered in
such a field as this can come amiss ; for, in the handbook of Nature, every such fact is a syllable;
and it is by patiently collecting fact after fact, and by joining syllable after syllable, that we
may finally hope to read with understanding in the great volume which, in sea and air, is
continually spread out before sailor and philosopher. .
8. Dr. Buist, a learned and eminent savant of India, has drawn a beutiful picture of our
field of research. S : : : - o
In the report on the affairs of the “Bombay Geographical Society,” presented by the.
Secretary at the annual meeting in May, 1850, he remarks: “The Assistant Secretary of your
Society,* Mr. Macfarlane, has made considerable progress in the construction of Wind and
Qurrent Charts founded on the information supplied by ships’ logs, and on the principle of
Lieutenant Maury. 1t is more than probable that, besides the currents occasioned by the trade-
winds, monsoons, and set of the tides, we have a group of movements intermingled with those
dependent mainly on ‘evaporation. When it is remembered that on the western shore of the
Arabian Sea, including in this the Red Sea and Persian Gulf, from the line northward, we have
an-expanse-of coast of not less than 6,000 miles, and a stretch of country of probably not less
than 100- miles inland from ' this, where the avera‘ge fall of rain does not amount to four inches
annually, where not one-half of this ever reaches the sea, and where, to the best of our
knowledge, the evaporation over the ocean averages at least a -quarter of an inch daily, all
‘the year round, or close on eight feet annually, some idea of the enormous abstraction of water:
in the shape of vapor may be formed. On the assumption that this extends no further, on
an average, than 50 miles out to sea, we shall have no less than 39 cubic miles of water raised
annually in vapor from the northern and northwestern side of the basin, which must be
supplied from the open ocean on the south or the rain on the east. The fall of rains on the
western side of the ridge of the mountain chain, from Cape Comorin to Cutch, averages pretty
nearly 180 inches annually, and of this at least 160 is carried off to the sea; that on the
Concan, to 70 inches, of which probably 30 flow off to the ocean; or betwixt the two, over an
area of twenty miles from the sea-shore to the Ghauts, and about 1,200 miles from the north to
the south, or an area of 24,000 square miles in all, we shall probably have an average discharge
‘of nine feet, or close on forty cubic miles of water—an amount sufficient, were it not: diffused,
1o raise the sea on our shores three feet high, over an area of 72,000 square miles. - =
“The waters of the ocean cover nearly three-fourths of the surface of the globe; and of
‘the thirty-eight millions of miles of dry land in existence, twentyfeight' millions belor}g to the
northern hemisphere. The mean depth of the ocean is somewhere about four miles—the
greatest depth the sounding-line has ever reached is five and a quarter miles. The mean
elevation of the land, agaih, is about one thousand feet—the highest point known to us-is
-nearly as much above the level of the sea as the'great depth that has been measured is below
it. The atmosphere, again, surrounds the earth like a vast envelope; its depth, by reason of
the tenuity attained ‘by it, ‘as  the superincumbent pressure is withdrawn, is unknown to us;
but is guessed at somewhere betwixt fifty and \ﬁver hundred miles. Its weight, and its con-
stituent elements, have been determined with the utmost accuracy. The weight of the:mass

"' Vids Transactions Bombay Geographical Society, Vol. IX, 1850, p. 80; gl
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is equal to that of a solid globe of lead sixty miles in diameter. Its principal elements are
‘oxygen and nitrogen gases, with a vast quantity of water suspended in them in the shape of
vapor, and commingled with these a quantity of carbon in the shape of fixed air, equal to
restore from its mass many fold the coal that now exists in the world. In common with all
‘substances, the ocean and the air are increased in bulk, and consequently diminished in weight,
by heat; like all fluids, they are mobile, tending to extend themselves equally in all directions,
and to fill up depressions in whatever vacant space will admit them ; hence, in these respects,
the resemblance betwixt their movements. Water is not compressible or elastic, and it may
be solified into ice, or vaporized into steam; the air is elastic, if may be condensed to any
extent by pressure, or expanded to an indefinite degree of tenuity by pressure being removed
from it; it is not liable to undergo any change in its constitution beyond these by any of the
ordinary influences by which it is affected. These facts are few and simple enough—let us see
what results arise from them. As the constant exposure of the equatorial regions of the Earth
to the Sun must necessarily here engender a vast amount of heat—and as his absence from the
polar regions must in like manner promote an infinite accumulation of cold—to fit the entire
Earth for a habitation to similar races of beings, a constant interchange and communion, betwixt
the heat of the one and the cold of the other, must be carried on. The ease and simplicity
with which this is effected surpass all description. The air, heated near the equator by
the overpowering influence of the Sun, is expanded and lightened; it ascends into upper space,
leaving a partial vacuum at the surface to be supplied from the regions adjoining. Two
currents from the poles towards the equator are thus established at the surface, while the
sublimated air, diffusing itself by its mobility, flows in the upper regions of space from the
equator towards the poles. Two vast whirlpools are thus established, constantly carrying
away the heat from the torrid towards the icy regions, and these becoming cold by contact
with the ice, carry back their gelid freight to refresh the torrid zone. Did the Earth, as
was long believed, stand still while the Sun circled around it, we should have had two
pets of meridional currents blowing at the surface of the earth, directly from north and
south, towards the equator, in the upper regions flowing back again to the place whence
they came. On the other hand, were the heating and cooling influences, just referred
to, to cease, and the earth to fail in impressing its own motion on the atmosphere, we
should have a furious hurricane rushing round the globe, at the rate of one thousand
miles an hour—tornadoes of ten times the speed of the most violent now known to us
sweeping everything before them: A combination of the two influences, modified by the friction’
of the Earth, which tends to draw the air after it, gives us the trade-winds, which sweep round
the equatorial region of the globe unceasingly, at the speed of from ten to twenty miles an
hour ; the aerial current, quitting the polar regions with the comparatively tardy speed, from
east to west, imposed on it by the velocity due to the T0th parallel, is left behind the globe, and
deflected into an oblique current as it advances southward, till meeting the current from the
opposite pole near the equator the two combine and form the vast stream known as the trades—
separated in two, where the air ascends by the belt of variable winds and rains. Impressed
with the motion of the air, constaitly sweeping its surface in one direction, and obeying the
same laws of motion, the great sea itself would be excited into currents similar to those of the
air, were it not walled in by- continents and subjected to other control. As it is, there are
constant currents flowing .from. the torrid towards the frigid zone, to supply the vast mass of
vapor there drained off ; while other whirlpools and currents, such as the gigantic Gulf Stream,



 THE FIELD OF RESEARCH. 5

come to perform their part in the same stupendous drama. The currrent just named sweeps
across the Atlantic to the Gulf of Mexico, and by the Straits of the Bahamas. Here it turns to
the eastward, again travelling along the coast of America at the rate of from forty to a hundred
miles a day. It now stands once more across the Atlantic, and divides itself into two bran'ches ;
one finds its way into the northern sea, warming the adjoining waters as it advances,far;d tu:nix;_g
back, most likely to form a second great whirlpool, rejoining the original stream near New- -
foundland. The main branch seeks the northern shores of Europe, and, sweeping along the
coast of Spain and Portugal; travels southward by thé Azores to rejoin the main whirlpool. The
waters of this vast ocean river are, to the north of the tropic, greatly warmer than those around ;
- the climate of every country it approaches is improved by it, and the Laplander is eliable(‘iv;p:y
its means to live and cultivate his barley in a latitade which everywhere else throughout the
world is condemned to perpetual sterility. But there are other laws which /the great sea Q‘F)féyg,
which peculiarly adapt it as the vehicle of interchange of heat and cold betwixt those regions
where either exists in excess. Water which contracts regularly frqm the boiling point down-
wards, at a temperature of 40° has reached its maximum of density, and thence begins to grow
lighter and expand. - But for this most beneficent provision the vast recesses of the Northern
Ocean would be continually occupied with a fluid at the freezing point, which the least access of
cold would conyert into one solid mass of ice. The non-cdnducﬁng power of water, Whit;h at
present acts so valuable a part in the general economy, so far from being & blessing would be a
curse. ' No 'warmth ¢ould ever Penetrate to thaw the foundations of the frozen ;uiass+nq ‘Wgter
find its way to float it trom its fotinda,tioné; 50 that, like the ‘everlastihg hills themseivés,
rooted immovable in its place, every year adding to its mass, the solid structure wbu‘l&‘coﬁ-
tinually advance to the southward, hermetically sealinig the polar ocean, thus condemned to utter
desolation, and encroaching on the North Sea itself. Under existing circumstances, so soon as
water is cooled down to 40°, it sinks to the bottom, and, still eight degrees warmer than ice, it
attacks the basis and saps the foundations of the icebergs, themselves gigantic glaciers, which ,
‘have fallen from the mountains into the sea, or which have grown to their present size in
the shelter of bays and estuaries, and by accumulations from above. Once forced from
their anchorage, the first storm that arises drifts them to sea, where the beautiful law which
renders ice lighter than the warmest water enables it to float, and drifts south“v‘rar.d;jﬁya;s;t ,
magazine of cold to cool the tepid water which bears it along ; the evaporation at the equ tor
causing a deficit, the melting and accumulation of the ice in the frigid zone giving rise toan
‘excess of accumulation, which tends, along with the action of the air and other. cauges, to
institute and maintain the transporting current. These stupendous. masses, ‘\WhiQh ha\{éf been
86en at sea in the form of church spires, and gothic towers, and minarets, rising to the height of
from 300 to 600 feet, and extending over an area of not less than six square miles, the masses
above water being only one-tenth of the whole, are often to be found within the tropics,
A striking fact, dependent on this general law, has just been broug]}t‘tf) light ; there is a line
extending from pole to pole, ator under the surface of the ocean, where an invariable temperature
of 39.5 is maintained. The depth of this varies with the latitude; at the equator it is 7,900
feet; at latitude £60 it ascends to the surface, the temperature of the sea being here uniform
throughout.  North and south of this the cold water is uppermost, and at a latitude 70° the
line of uniform temperature -descends to 4,500. But these, though amongst the most r?éﬂar
and magnificent, are but-a small number of ‘the contrivances by which the vast a;nd:‘beiieﬁéeht
ends of nature are brought. about: Ascent from the surface of the Earth produces the same
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change, in point of climate, as an approach to the poles; even under the torrid zone,
mountains reach the line of perpetual congelation at nearly a third less altitude than the
extreme elevation which they sometimes attain. At the poles snow is perpetual at the ground,
and at the different intervening latitudes reaches some intermediate point of congelation,
betwixt one and 20,000 feet.. -In America, from" the line south to the tropics, as also, as there
is now every reason to believe, in Africa; within:similar latitudes, vast ridges of mountains,
covered with perpetual snow, run northward and southward in the line of meridian, right across
the path of the trade-winds. = A similar ridge, though of less magnificent dimensions, traverses.
the peninsula of Hindoostan, increasing in altitude as it approaches the line—attaining an
elevation of 8,500 feet at Dodabetta, and above 6,000 in Ceylon. The Alps in Europe, and the
gigantic chain of the Himalayas in Asia, both far south in the temperate zone, stretch from east
to west, and intercept the aerial current fromthe north. Others of lesser note, in the equatorial
or meridional, or some intermediate direction, cross the paths of the atmospherical currents in
every -direction, imparting to them fresh supplies of cold, as they themselves obtain from them
warmth in.exchange ; in strictness, the two operations are the same. Magnificent and stupendous
as are-the effects and results of the water and of air acting independentl»y.on each other, in
equalizing the temperature of the globe, they are still more so when combined. One cubic
inch of water, when invested with a sufficiency of heat, will form one cubic foot of steam ; the
water before its evaporation and the vapor which it forms being exactly of the same temperature ;
thongh in reality, in the process of conversion, 1,700 degrees of heat have been absorbed or
carried away from the vicinage, and rendered latent or imperceptible ; this heat is returned in
a sensible and perceptible form the moment the vapor is converted once more into water.
The general fact is the same in the case of vapor carried off by dry air at any temperature that
may be imagined ; for, down far below the freezing point evaporation proceeds uninterruptedly,
or raised into steam by artificial means. The air, heated and dried as it sweeps over the
arid surface of the soil, drinks up by day the myriads of tons of moisture from the sea ; as much,
indeed, as would, were no moisture restored to it, depress its whole surface at the rate of four
feet annually over the surface of the globe. The quantity of heat thus converted from a
sensible or perceptible to an insensible or latent state is almostincredible. The action equally
goes on, and with the like results, over the surface of the earth as over that of the sea, where
there is moisture to be withdrawn. Butnight and the seasons of the year come around, and the
surplus temperature thus withdrawn and stored away, at the time it might have proved super-
fluous or inconvenient, is reserved, and rendered back so soon as it is required ; and the cold of
night and the rigor of winter are modified by the heat given out at the point of condensation
by dew, rain, bail, and snow. ,

- “There are, however, cases in which, were the process of evaporation to go on without
interruption and without limit, that order and regularity might be disturbed, which is the great
object of the Creator apparently for an indefinite time to maintain, and in the arrangements for
equalizing-temperature the equilibrium of saltness be disturbed in certain portions of the sea,
and that of moisture under ground in the warmer regions of the earth. To prevent this, checks
and counterpoises interpose just as their services come to be required. It could scarcely be
imagined that in such of our inland seas as were connected by a narrow strait with the ocean,
and were thus cut off from free access to its waters, the supply of fresh water which pours into
them from the rivers around would egactly supply the amount carried away by evaporation.
Salt never rises in steam, and-it is-the- pure element alonn that is'drawn off. ‘We have in such
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cases as the Baltic-and Black Seas an excess of supply over what is required, the surplus in-the
latter case flowing off through the Dardanelles, in the former through the Great and Little Belts.
The vapor withdrawn from the Mediterranean exceeds- by about a third the wholé amount of
fresh water poured into it; the difference is made up by a current through the Straits of
Gibraltar in the latter ; and a similar arrangement, modified by circumstances, must exist in-all
cases where circumstances are similar—the supply of water rushing through the strait from the
open ocean being in exact proportion to-the difference: betwixt that provided from rain or by
rivers and that required by the afflux of vapor; seas wholly isolated, such as the Caspian and
the Dead Sea, attain in course of time a state of perfect equilibrium—their surface 'becoming
lowered in level and diminished in area, till it becomes exactly of ‘the proper size to yield in
vapor the whole waters poured in. The Dead Sea, before attaining this condition of ‘repose,
has sunk thirteen hundred feet below the Mediterranean, the Caspian about one-fourth-of" this.
Lakes originally salt, and which to all appearance are no more than fragments severed from the
sea by the earthquake or volcano, and which have no river or rain supplies whatever, in process
of time dry up and become a mass of rock salt in their former basin. Such is the formation in
progress in the lake near Tadjurra, nearly five hundred feet below the level of the sea, its waters
having been thus much depressed by evaporation, having now almost altogether vanished, one
mass of salt remaining in their room. As it is clear in a case such as that of the Mediterranean,
that where salt water to a large extent was poured in and fresh water only was drawn off, a
constant concentration of brine must occur, the proposition was laid down by the most distin-
guished of our geologists, and long held unquestionable, that huge accumulations of salt, in masses
larger than all that Cheshire contains, were being formed in its depths. ~The doctrine, eminently
improbable in itself, is now met by the discovery of sn under-current, in all likelihood of brine.
Tt is matter of easy demonstration that, without some such arrangement as this, the Red Sea must
long ere now have been converted into one mass of salt, its upper waters at all events being
known in reality to differ at present but little in saltness from those of the Southern Ocean. The
Red Sea forms an excellent illustration of all kindred cases. Here we have salt water flowing in
perpetually through the Straits of Babelmandeb, to furnish the supplies for a mass of
vapor calculated, were the straits shut up, to lower the whole surface of the sea eight
feet annually—and even with the open strait, to add to its contents a proportionate quantity
of salt. But an under-current of brine, which, from its gravity, seeks the bottom, Hows
out again to mingle with the waters of the great Arabian Sea, where, swept along by cur-.
rents and raised to the surface by tides and shoals, it is mingled by the waves, through
the other waters, which yearly receive the enormous monsoon torrents, the Concan anq the
Ghaut’s supply become diluted to the proper strength of seéa water, and rendered uniform in
their constitution by the agitation of the storms which then prevail. Flowing back again
from the coasts of India, where they are now in excess, to those of Africa, where they suffer
from perpetual drainage, the same round of operations go on continually ; and the sea, with
all its estuaries and its inlets, retains the same limit, and nearly the same constitution, for
tnnumbered ages. A like check provents on shore the extreme heating and desiccation from
which the ground would otherwise suffer. The Barth is a bad conductor of heat ; the rays of
the Sun which enter its surface, and raise its temperature to 100 or 150°, scarcely penetrate a
foot into the ground ; a few feet down the warmth of the ground is nearly the same night and
day. The moisture which is there preserved free from the influence of currents of air is never
raised into vapor ; so soon as the upper stratum of earth becomes thoroughly dried, capillary
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action, by means of which all excess of water was withdrawn, ceases ; and even under the heats
of the tropics the soil two feet down will be found on the approach of the rains sufficiently
moist for the nourishment of plants. The splendid flowers and vigorous foliage which ‘burst
forth in May, when the parched soil would lead us to look for nothing but sterility, need in no way
surprise us; fountains of water boundless in extent and limited in depth by the thickness of
the soil which contains them, have been set aside and sealed up for their use beyond the reach
of those thirsty winds or burning rays, which are suffered only to carry off the water which is
superfluous, and would be pernicious, removing it to other lands where its agency is required,
or treasuring it up in the crystal vault of the firmament as the material of clouds and dew, and
the source,. when the fitting season comes round again, of those deluges of rain which
provide for the wants of the year. ,
“8Buch are some of the examples which may be supplied of general laws operating over
early the whole surface of the terraqueous globe. Amongst the local provisions ancillary to
these are the monsoons of India and the land and sea-breezes prevalent throughout the tropical
coasts. When a promontory, such as that of India, intrudes into the region of the trade-winds,
the continuous western current is interrupted, and in its room appear alternating currents from
the northeast and southwest, which change their direction as the Sun passes the latitude of the
place. On the Malabar coast, as the Sun approaches from the southward, clouds and
variable winds attend him, and his transit northward is in a week or ten days followed by that
furious burst of thunder and tempest which herald the rainy season. His southward transit is
less distinctly marked ; it is the sign of approaching fair weather, and is also attended by
~ thunder and storm. The alternating land and sea-breezes are occasioned by the alternate
heating and cooling of the soil, the temperature of the sea remaining nearly uniform. At
present, when most powerfully felt, the earth by noon will often be found to have attained a
temperature of 120°, while the sea rarely rises above 80°%. The air, heated and expanded, of
course ascends, and draws from the sea a fresh supply to fill its room ; the current thus
generated constitutes the breeze. During the night the earth often sinks to a temperature of
50° or 60°, cooling the conterminous air and condensing, in the form of dew, the moisture
floating around. The sea is now from 15° to 20° warmer than the earth—the greatest difference
- between the two existing at sunrise ; and in then rushes the air and draws off a current from the
shore.

“We have not noticed the tides, which, obedient to the Sun and Moon, daily convey two
vast masses of water round the globe, and which twice a month rising to an unusual height,
vigit elevations which otherwise are dry. During one-half of the year the highest tides visit
us by day, the other half by night, and at Bombay, at Springs, the depths of the two differ by
two or three feet from each other. The tides simply rise and fall, in the open ocean, to an
elevation of two or three feet in all; along our shores, and up gulfs and estuaries, they sweep |
with the violence of a torrent, having a general range of ten or twelve feet ; sometimes, as at
Fundy, in America, at Brest and Milford Haven, in Europe, to a height of from forty to sixty
feet. They sweep our shores from filth and purify our rivers and inlets, affording to the
residents of our islands and continents the benefits of a bi-diurnal ablution, and giving a health
and freshness and purity wherever they appear. Obedient to the influence of bodies many
millions of miles removed from them, their subjection is not the less complete ; the vast volume of
water capable of crushing by its weight the most stupendous barriers that can be opposed to

© The temperature of certain parts of the Indian Ocean, the hottest sea in the world, is 90°.-—M.
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it, and bearing on its bosom the navies of the world, impetuously rushing against our shores, gently
stops at a given line, and flows back again to its place when the word goes forth : ‘Thus far
shalt thou go, and no farther ; and that which no human power or contrivance could have
repelled, returns at its appointed time so regularly and surely that the hour of its approach,
and measure of its mass, may be predicted with unerring certainty centuries beforehand.
The hurricanes which whirl with such fearful violence over the surface, raising the waters of
the sea to enormoug elevations, and submerging coasts and islands, attended as they are by the
fearful attributes of thunder and deluges of rain, seem requisite to deflagrate the noxious
gasses which have accumulated, to commingle in .one healthful mass the polluted elements of
the air, and restore it fitted for the ends designed for it. It is with the ordinary, not with the
exceptionable, operations we have at present to deal, and the laws which rule the hurricane
form themselves the subject of a treatise. St
“We have hitherto dealt with the sea and air—the one the medium through which the
commerce of all nations is transported, the other the means by which it is moved along—as
themselves the great vehicles of moisture, heat, and cold, throughout the regions of the
‘Wworld—the means of securing the interchange of these inestimable commodities, so that excess
may be removed to where deficiency exists, deficiency substituted for excess, to the unbounded
advantage of all. We have selected this group of illustrations for our views because they are
the most obvious, the most simple, and the most intelligible and beautiful ‘that could be
chosen. Short as our.space is, and largely as it _hés already been trenched upon, we must not
confine ourselves to these. , : k
- “We have already said that. the atmosphere forms a spherical shell, surrounding the
Earth to a depth which is unknown to us, by reason.of its growing tenuity, as it is released
from the pressure of its own superincumbent mass. TIts upper surface cannot be nearer t6. 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 finest down, more impalpable than the finest gossamer, it
leaves the cobweb 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 the
most refractory substances with its weight. When in motion; its force is sufficient to level
the most stately forests and stable buildings with the earth ; to raise the 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 creatures that inhabit it. It draws up vapors from the
8ea and land, retains them dissolved in itself, or supended in cisterns of clouds,’ and tbrows
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 dispersesand ‘refl‘aCtS their various
tints to beautify the approach and the retreat of the orb of day- ‘;Butfor tl}e atmosphere, sun-
shine 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 twilight to soften and beautify the landscape ; no
clouds to shade ug from the scorching heat; but the bald Earth, as it revolved on its axis,
would turn its tanned and withered 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 hes
been polluted by use and is thrown off as noxious. It feeds the flame of life exactly as it : es
that of the fire ; it is in both cases consumed, and affords the food of consumption ; in both
2u
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cases it 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 a writer in the North British
Review, ‘ that flows above and around all that makes the whole world kin. The carbonic acid,
with which to-day our breathing fills the air, to-morrow seeks 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 it to add to their stature ; the cocoa-nuts of Tahiti will grow rapidly upon
1t; 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 Susquehanna, 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 vapor, snows that rested on the summits of the Alps. ¢The atmosphere,’
says 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 simple form, of all living creatures. The animal grinds down the fibre and the
tissue of the plant, or the nutritious 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 nutritious store, thus yielded up as food to the animal, from the invulnerable air
surrounding it.” But animals are furnished with the means of locomotion and of seizure ; they
can approach their food, and lay hold of and swallow it ; plants must await ill 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 season, but in the shape and fashion in which alone it can avail them.”

These researches have for their object also the figure and shape of the bed of the ocean,
and they therefore belong in some measure to that class which, of all others pertaining to the
physical condition of our planet, has most abounded in valuable contributions to human
knowledge.

“The dimensions and figure of the earth constitute,” says Sir John Herschel, “a branch of
inquiry on which, perhaps, more pains, labor, and refinement have been lavished than on any
other subject of human research. ‘The history of science,’ says M. de Humboldt,  presents
no problem in which the object obtained, the knowledge of the mean compression of the earth,
and the certainty that its figure is not a regular one, is so far surpassed in importance by the
incidental gain which, in the course of its long and arduous pursuit, has accrued in the general
cultivation and advancement of mathematical and astronomical knowledge.” In fact, however,
the benefit conferred has not been confined to these. The continual heaping on of refinement
upon refinement, in respect both of instruments and methods, has been far from a mere barren
and ostentatious accumulation. On the contrary, it has overflowed on all sides, and fertilized
every other field of physical research, by the example it has set, and the necessity it has
imposed of exactness of numerical determination, mathematical precision of statement, and
rigorous account taken of every influential circumstance, as well as by the numerous physical
elements whose exact measures and laws it has incidentally required to be known as data. By
the improvement of our knowledge of these, the aspect of all science has been changed, and
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the apparently disproportionate application of talent and cost which have been brought to
bear upon the subject repaid with interest. The fixation of national standards of weight and
measure, which has become indissolubly interwoven with it, has ever marked, and will ever
continue to mark, the highest point to which human skill and refinement in the application of
science to practical objects are capable of attaining.”

The field into which we are about to enter includes also the orography of the great
oceanic floor, and our inquiries here, though but just begun, have led to the discovery that
there is no running water at the bottom of the deep sea; a fact from which we learn lessons
.concerning the dynamics of the ocean, a naked fact, the knowledge of which is of the utmost
lmportance in submarine telegraphy.

The field of our labors reaches from the temperature and saltness of the waters of the sea
to its microscopic inhabitants.

Changes in the thermal condition of the globe would suggest changes in the time of
rotation of the earth on its axis, changes in the length of the day, and changes in the stability
of our planet. Is the mean temperature of the whole ocean a constant? We must wait for
ages to help us to give a perfectly satisfactory answer to this question; but it is meet for us
in our day to inaugurate that long series of observations and patient research by which alone
Posterity can hope to arrive at truthful results. “The mean temperature,” remarks Herschel,
“at which the surface of the earth is maintained, if we consider the average of the whole globe,
depends solely on external causes, the only one of which, worth considering as really influential,
is the sun’s radiation. Of the constancy or variability of this from year to year, or from century
to century, we know nothing, though from the analogy of periodical or changeable stars we may
surmise anything. But it by no means follows that this ignorance on a point of such immense
importance is to continue. It is to the temperature of the ocean, continually and carefully
observed in those parts of its surface where its changes are least, (in the equatorial region,
from 10° N. to 10° S.)) that we must look with the greatest probability of ultimate success for
the solution of this difficult but interesting problem. In these regions the observations and
researches of M. de Humboldt himself have established the fact of ‘a wonderful uniformity and
constancy of temperature over spaces of many thousand square miles.”’ It is here, therefore,
that observations directed to this object can be made to the greatest advantage, and least
exposed to the influence of casual and temporary disturbance. We know of no class of observa-
tions deserving more the attention of voyagers.” :

Surely a more tempting field for philosophical research, for useful and honorable labor,
or a field more abounding with harvests of useful and practical results, never engaged the
attention of man. _ ‘

By studying the winds at sea, we might expect to find them blowing more conformably
there than on the land to the general laws which govern the circulation of the atmosphere.
And in endeavoring to learn these laws we may look to the sea for the rule, to the land for
the exceptions. Ty might, therefore, be expected that any systematic attempt to group the
numerous observations made on the winds by mariners in all parts of the ocean and at all
seasons of the year would be regarded, as the illustrious Humboldt says it is, and as the learned
Dr. Buist shows it to be, with no little interest by philosophers and philanthropists, by good
and wise men in all conditions of life, and in all parts of the world. , -

In the progress of this undertaking many new fgcts of interest to science have been
brought to light, or their existence suggested by them. OQur knowledge of the laws which
govern the c¢irculation of the atmosphere, which control the currents of the sea, which regulate
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climates, and by which heat and moisture, clouds and sunshine, are distributed over the surface
of the earth, has been considerably enlarged.

4. Navigation has already reaped rich fruits from this enterprise, and commerce is
profiting by it. In consequence of the increase of knowledge which it has given to the
practical navigator concerning the prevailing winds and currents of the sea, the average
sailing passage between distant parts of the earth has been materially shortened.

Practically, for commercial purposes, these investigations have lifted up, as it were, the
markets of - the southern hemisphere and set them down by many days’ sail nearer to our doors
than they were before; for the time which it required a ship to carry a cargo from the United
States to the equator, in the Atlantic, has been shortened more than two weeks at some seasons of
the year; and it is not going too far to say that the voyage hence to California has, in con-
sequence of these researches, been shortened to a more remarkable extent. The average
passage out, by vessels not having the results of these researches to guide them, is upwards of
180 days; but vessels with these Charts on board have made it in 107, in 97, in 96, in 91, and
even in 90 days; and their masters, after making allowances for the improved models of their
ships, ascribe this great success to the information they derived from these Charts as to the
winds and currents by the way.

When I was in England, in 1853, I promised the merchants and ship owners there, if they
would lend their co-operation in keeping Abstract Logs, that I would point out a route to Australia
by which that land of gold should be brought practically one month nearer to Europe and America,
by shortening the passage for sailing vessels that much. I have received from Captain Wood
a list, taken from the Melbourne Argus, of all the vessels that arrived there from Europe and
America between the 31st December, 1853, and the Tth July, 1854. This list contains the
names, with the length of passage of 362 sailing vessels. Their average passage is 124 days.
The average passage of those that take the wind and current charts for their guide is a little over
90 days. The passage has since been frequently made under canvas alone in 72 days or less.

In former editions of this work, I predicted that on the bomeward voyage the run from
Australia to Cape Horn could be made in less time than the same distance over water has ever
been run under steam. I also predicted that vessels in the Australian trade would yet perform
a voyage of circumnavigation in less time than the passage had ever been made to California.
Both of these predictions have been fulfilled ; the run to Cape Horn has been made in less than
twenty-five days ; and the feat of circumnayigation has been accomplished in less than eighty-
nine days.

5. The official statement of the New York underwriters of the annual disasters at sea, show
that the marine losses for the year, including 31st December, 1857, were valued at $17,000,000,
and 558 vessels. This is exclasive of the losses under other flags, nor does this statement make
any mention of the loss of human life, more precious than gold. The sum total for all flags
would amount to thousands of souls, and more than $50,000,000 of treasure. These researches,
by the knowledge of wind and weather which they afford the mariner, have the diminution of
these losses for their object. Of course, a system of investigation, having among its aims such
objects as the improvement of navigation and the benefit of commerce, and counting among its
results such achievements as these, could not fail to attract the attention of merchants, or to
commend itself to the favorable consideration of seafaring people generally. Taking advantage
of this circumstance, the government of the United States caused the researches to be brought
to the attention of other governments, and invited them to join in a conference upon the subject
of a uniform system of observations at sea. This Conference met on the 23d August, 1853, in
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Brussels, and continued its sessions from day to day until the 8th of September. The form of
the Abstract Log, and the plan of observations at sea there recommended, have been adopted
by all the maritime nations of Christendom. So that now we have co-operating with us the
nations that own at least nineteen-twentieths of all the shipping in the world.

At the Conference I had the pleasure of meeting master spirits. Ifind a difficulty in
expressing my ideas as to the importance of the services which they have rendered to the cause
of navigation and marine meteorology. Suffice it to say, I think a new era in the history of
meteorological science will be dated from that Conference. In all things connected with it
the friends of thig science have but one cause of regret, and that is, that the instructions under
which thoge twelve men met did not gb further and authorize them to include the land as well
as the sea in their system of observations, and so make the plan universal. '

I hope that will yet be done, for the great atmospherical ocean, at the bottom of which we
are creeping along, and the laws of which touch so nearly the well-being of the whole human
family, embraces the land as well as the sea, and neither of those laws nor the movement and
Phenomenas of the atmosphere can be properly studied or thoroughly investigated until observa-
tions, both by sea and land, shall enable us to treat the atmosphere as a whole.

It is estimated that the system of investigations out of which the Wind and Current Charts
have grown has already led, by practically shortening the duration of voyages, to the annual
saving of many millions of dollars, in the aggregate, to those who go by them. As great,
therefore, as is the benefit which commerce is deriving from the results of these observations
at sea, a similar system for the shore would, I have no doubt, confer benefits as signal upon
agriculture and other industrial pursuits on land. The field of agricultural and sanitary
meteorology is as rich with the promise of good “as is the ooze and bottom of the sea with
sunken wrecks and sunless treasures,” and I therefore hope yet to see the day when the observer
at sea and the observer on shore will be acting in concert, and observing according to one uniform
plan; and the more so, as such a universal system can be set on foot and carried out without
involving the government that will take the initiative, or those that may second, in any expense,
save the comparatively trifling cost of having the observations, after they are made, properly
treated and published. The field is already filled with amateur meteorologists of all Christian
tongues, who, I am assured, would most gladly volunteer their services and instruments in
carrying out such a system. ‘ ’ |

Let us hope that before another edition of this work is published another conference may be
called for examining the progress that has been made under the Brussels recommendations, and
for considering the improvements that experience shall have suggested in the present plan of
observation, as well as for the purpose of devising a similar plan of observations for the land,
and so let the world have the benefit, and science the advantages, of a universal system of
meteorological observations.

In the progress of this system of research, facts have been elicited W-hich, thm?gh they have
no direct relation to the course of navigation, have, nevertheless, obvious bearings upon the
physical geography of the sea, and therefore are not without intere:st to the navigator. A small
volume, treating of these facts and their bearings, has been published by the Messrs. Harper,
of New York. Iam permitted to transfer to these pages several chapters of that work. Indeed,
Were it not for swelling out the dimensions of these Sailing Directions, the entire contents of
the Physical Geography of the Sea might, with advantage, be transferred to these pages. It is
hoped that the sailor at sea will find instruction and profit by the study of them.
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CHAPTER II.
THE ATMOSPHERE.*

The Circulation of the Atmosphere, Plate III. § 7.—Southeast Trade-wind Region the larger, § 18.—The Offices of the Atmosphere,
§ 14.—Tt is a powerful Machine, § 17.—Whence come the Rains that feed the great Rivers ? § 19.—How vapor passes from
one Hemisphere to the other, § 20.—Evaporation greatest about Latitude 17°-200, § 24.—The Rainy Seasons, § 28.—
Rainless Regions, § 30.—Why Mountains have & dry and a rainy Side, § 31.—The immense Fall of Rain upon the Western
Ghauts in India: how caused, § 33.—Vapor for the Patagonia Rains comes from the North Pacific, § 34.—The mean
annual Fall of Rain, § 35.—Evaporation from the Indian Ocean, § 36.—Evidences of Design, § 87.—Adaptation, § 38.

6. THERE is no employment more worthy of the human mind than that which is afforded
by tracing the evidences of design and purpose, which are visible in any parts of the creation.
Hence, to the right-minded mariner, and to him who studies the physical relations of earth, sea,
and é,ir, the atmosphere is something more than a shoreless ocean, at the bottom of which his
barque is wafted or driven along. It is an envelop 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 2 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.

Upon the proper working of this machine depends the well-being of every plant and animal
that inhabits the earth; therefore, the management of it, its movement, and the performance
of its offices, cannot be left to 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 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 observant 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 ; 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 sea obey the voice
of rebuke? 7

To one who looks abroad to contemplate the agents of nature, as he sees them at work upon
our planet, no expression uttered nor act performed by them is without meaning. By such an
one, the wind and rain, the vapor and the cloud, the tide, the current, the saltness, and depth,
and warmth, and color 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 doings, or, if
we please, as the language in which she writes down or chooses to make known her own
laws. To help us to understand that language, and to interpret aright those laws, is the
object of the call which we have made upon sailors for observationsat sea. No fact gathered
in such a field, therefore, comes amiss to those who tread the walks of inductive philosophy;

€ Vide ¢ Maury’s Physical Geography of the Sea;’ Harper and Brothers, New York.
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for, in the hand-book of nature, every such fact is a syllable; and it is by patiently collecting
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 and the philosopher on the mountain see
spread out before them.

1. From the parallel of about 30° north and south, nearly to the equator, and extending
entirely around the earth, are two zones of perpetual winds, viz: the zone of northeast trades on
this side, and of southeast on that. They blow perpetually, and are as steady and as constant
as the currents of the Mississippi river—always moving in the same direction, (Plate IIL.) As
these two currents of air are constantly flowing from the poles toward the equator, we are safe
in assuming that the air which they keep in motion must return by some channel or other to
the place near the poles whence it came in order to supply the trades. If this were not so, ‘ghe’se
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.

This return or counter-current, therefore, must be in the upper regions of the atmosphere,
at least until it passes over those parallels between which the trade-winds are always blowing
on the surface. These direct and counter-currents are also made to move in a sort of spiral or
loxodromic 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 to the poles. This turning is caused by the
rotation of the earth on its axis. ‘

The earth, we know, moves from west to cast. N ow, if we imagine a particle of atmosphere
at the north pole, 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 the pole, where it did
not partake of the diurnal motion of the earth, would, in consequence of its vis inertice, find, as
it travels south, the earth slipping from under it, as it were, and thus it would appear to be

coming from the northeast and going towards the southwest; in other words, it would be a
northeast wind. '

The better to explain, let us take a common terrestial 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 island ; 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 globe under the finger is to the southward and westward of
Madeira or the place from which the finger started; in other words, the track of the ﬁnget over
the surface of the globe, like the track of the particle of air upon the earth, has beenv from the
northward and eastward. ' ' :

On the other hand, we can perceive how a like particle of atmosphere th.at starts from the
equator, to take the place of the other at the pole, would, as it travels north, in consequence of
its vis inertiee, bo going toward the east faster than the earth. It would, there.fore, appear to
be blowing from the southwest, and going towards the northeast, 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; and if we take the motions of
these two particles as the type of the motion of all, we shall have an illustration of the great
currents in the air, the equator being near ome of the nodes, and there being two systems of
currents, an upper and an under, between it and each pole.

~
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Halley, in his theory of the trade-winds, pointed out the key to the explanation, so far, of
the atmospherical circulation; but, were the explanation to rest here, a northeast trade-wind
extending from the pole to the equator would satisfy it; and were this so, we should have, on
the surface, no winds but the northeast trade-winds on this side, and none but southeast trade-
winds on the other side of the equator.

8. Let us return now to our northern particle, (Plate III,) and follow it in a round from
the north pole across the equator to the south pole, and back again. Setting off from the polar
regions, this particle of air, for some reason which does not appear to have been very satis-
factorily explained by philosophers, instead of travelling (§ 7) on the surface all the way from
the pole to the equator, travels in the upper regions of the atmosphere for a part of the way,
and 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.

About this parallel of 30° north, then, these two particles press against each other with
the whole amount of their motive power, and produce a calm, and an accumulation of atmos-
phere; this accumulation is sufficient to balance the pressure of the two winds from the north
and south.

From under this bank of calms, which seamen call the “horse latitudes,” (I have called
them the calms of Cancer,) two surface currents of wind are ejected: one towards the equator,
as the northeast trades, the other toward the pole, as the southwest passage winds.

These winds come out at the lower surface of the calm region, and consequently the place
of the air borne away in this manner must be supplied, we may infer, by downward 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.

The barometer, in this calm region, is said to stand higher than it does either to the north
or to the south of it; and this is another proof as to the banking up here of the atmosphere,
and pressure from its downward motion. :

9. Following our imaginary particle of air from the north across this calm belt, we now
foel it moving on the surface of the earth as the northeast trade-wind; and as such it continues
#11 it arrives at the equator, where it meets a like particle, which, starting from the south
pole at the same time the other started from the north pole, has blown as the southeast trade-
wind.

Here, at this equatorial place of meeting, there is another conflict of winds, and another
calm region, for a northeast and southeast 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. Hence this calm belt.

" 10. Warmed now by the heat of the sun, and pressed on each side by the whale force of
the northeast and southeast trades, these two hypothetical particles, taken as the type of the
whole, cease to move onward and ascend. This operation is the reverse of that which took
place at the meeting (§ 8) near the parallel of 30°.

11. This imaginary particle, then, having ascended to the upper regions of the atmosphere
again, travels there counter to the southeast trades until it meets, near the calm belt of
Capricorn, another particle from the south pole; here there is a descent as before, (§ 8;) it
then (§ 7) flows on toward the south pole as a surface wind from the northwest.
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Entering the polar regions obliqueiy, it is pressed upon by similar particles flowing in
oblique currents across 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 continued gyrations; finally, reaching the vortex
or the calm place, it is carried upward to the regions of atmosphere above, whence it com-
mences again its circuit to the north as an upper current as far as the calm belt of Capricorn;
here it encounters (§ 11) its fellow from the north, (§ 7;) they stop, descend, and flow out as
surface currents, (§ 8,) the one with which the imagination is travelling, to the equatorial calms
as the southwest trade-wind; here (§ 9) it ascends, travelling thence to the calm belt of Cancer
as an upper current counter to the northeast trades.. Here (§ 8) it ceases to be an upper
current, but, descending, (§ 8, travels on with the southwest passage winds toward the
pole.

Now, the course we have imagined an atom of air to take is this, (Plate III:) an ascent at
P, the north pole; an efflux thence as an upper current (§ 8) until it meets G (also an upper
current) over the calms of Cancer. Here (§ 8) there is supposed to be a descent, as shown by
the arrows along the wavy lines which envelop the circle. This upper current from the pole
(§ T) now becomes the northeast trade-wind B (§ 9) on the surface until it meets the southeast
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 northwest 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 nature, their operation and effects.
But such allusions are often so wrapped in the folds of the peculiar and graceful drapery with
which its language is occasionally clothed, that the meaning, though peeping out from its thin
covering all the while, yet lies in some sense concealed until the lights and revelations of
science are thrown upon it; then it bursts out and strikes us with great force and beauty.

As our knowledge of nature and her laws has increased so has our understanding of many
Passages in the Bible been improved. The Bible called the earth “the round world;” yet for
ages it was considered a heresy for Christian men to say the world is round; and, finally, sailors
circumnavigated the globe, proved the Bible to be right, and confounded theologians so called.

“ Canst thou bind the sweet influences of Pleiades ?”

Astronomers of the present day, if .they have not answered 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 established 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 Alcyon, one
of the Pleiades!

Who, therefore, can ever “bind the sweet influences ?”

And as for the general system of atmospherical circulation which I have been so long
endeavoring to describe, 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.”*

12. Of course, as the surface winds H and D (Plate III) approach the poles, there must be
a sloughmg off, if I 'may be allowed the expression, of air from the surface winds, in conse<
' ® Eccl,, i. 6.
3M
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quence of their approaching the polls. . For as they near the polls 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 polls, or else a part of it must be sloughed off above,
and so turn back before reaching the polls. The latter is probably the case. ‘

Investigations have shown that the southeast trade-wind region is much larger than the
northeast. I speak now of its extent over the Atlantic ocean only ; that the southeast trades
are the fresher, and that they often push themselves up to 10° or 15° of north latitude ;
whereas the northeast trade-winds of the Atlantic seldom get south of the equator.

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

We now see the general course of the “wind in his circuits,” as we see the general course
of the water in a river. There are many abrading surfaces, irregularities, &c., 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 opinion (§ 6) that the “wind in his
circuits,” though apparently to us never so wayward, is as obedient to law, and as subservient
to order, as were the morning stars when they “sang together ?”

13. There are at least two forces concerned in driving the wind through its circuits.
We have seen (§ 7) whence that force is derived which gives easting to the winds as
they approach the equator, and westing as they approach the polls ; and allusion, without
explanation, has been made (§ 10) to the source whence they derive their northing and their
southing. The trade-winds are caused, it is said, by the intertropical heat of the sun, which,
expanding the air, 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, (§ 6,) and on the south side in the southern hemisphere, (§ 11,) the prevailing
direction of the winds is not toward the source of heat about the equator, but exactly in the
opposite direction. In the extra-tropical region of each hemisphere the prevailing winds blow
from the equator toward the polls. 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 polls. Let us illustrate :

The primum mobile of the extra-tropical winds toward the equator is, as just intimated,
generally ascribed to heat, and in this wise, viz: 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 temperature, the thermometer at the equator
and the thermometer 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 uniforni temperature to be a mean between the actual
temperature at the equator and that at the poles? Why, this would take place: a swelling up
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of the atmosphere about the equator by the expansive force of intertropical heat, and a contrac-
tion of it about the poles in consequence of the cold. 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 cold depressing it about the poles. And forthwith two systems
of winds would commence to blow, viz: one in the upper regions from the equator towards
the poles, and as this warm and expanded air should flow towards 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; the effects of heat at the equator, and
cold at the poles, would cause them so to do. Now suppose the earth to commence its diurnal
rotation ; then, instead of having these winds north and south winds, they will, for reasons
already explained (§ 7,) approach the equator on both sides with easting in them, and each pole
with westing.

The circumference of the earth, measured on the 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 (§ 13) that sets off from the equator as an upper current toward the
poles can cross the parallel of 60° north or south. The other moiety has been gradually
drawn in and carried back (§ 12) by currents which are moving in the opposite direction.

Such, and such only, would be the extent of the power of the sun to create a polar and
equatorial flow of air, were its power confined simply to a change of level. But the atmosphere
has been invested with another property which increases its mobility, and gives the heat of the
sun still more pbwer 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. If, therefore, the level of the great
aerial ocean were undisturbed by the 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, viz: an upper and a lower. The two agents
combined, viz: 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 direct 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 northwest winds, which are the prevailing winds of the extra-
tropical regions of the southern hemisphere, on the southwest winds, which are the prevailing
Wwinds of the extratropical regions of the northern hemisphere, as we may the trade-winds,
Which blow in the opposite directions. Paradoxical, therefore, as it seems for us to say that
the heat of the sun causes the winds between the parallels of 25° or 30° north and south to
blow toward the equator, and that it also_causes the prevailing winds on the polar sides of the
Same parallels to blow toward the poles, yet the paradox ceases when we come to recollect 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, “it is likewise very hard to corceive
Wwhy the limits of the trade-wind should be fixed about the paralle] of latitude 30° all around
the globe, and that they should so seldom exceed or fall short of those bounds.”
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14. Operated upon by the equilibrating tendency of the atmosphere and by diurnal
rotation, the wind approaches the north pole, for example, by a series of spirals from the
southwest (§ 11.) If we draw a circle about this pole on a common terrestrial globe, and inter-
sect it by spirals to represent the direction of the wind, we shall see that the wind enters all
parts of this circle from the southwest, and, consequently, that a whirl ought to be created
thereby, in which the ascending column of air revolves from right to left, or against the hands
of a watch. At the south pole the winds come from the northwest (§ 11,) 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 of Cancer and Capricorn (Plate II1) These arrows are intended to represent
the prevailing direction of the wind at the surface of the earth.

It is a singular coincidence between these two facts thus deduced, and other facts which
have been observed, and which have been set forth by Redfield, Reid, Piddington, and others,
- viz: that all rotary storms in the northern hemisphere revolve as do the whirlwinds about the
north pole, viz: from right to left, and that all circular gales in the southern hemisphere revolve
in the opposite direction, as does the whirl about the south pole.

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

That there is probably such a connexion has been suggested by other facts and circum-
stances, for, although the theory of heat satisfies many conditions of the problem, and though
heat, doubtless, is one of the chief agents in keeping up the circulation of the atmosphere, yeot
it can be made to appear that it is not the sole agent ; magnetism, probably, has something to
do with it.

15. So far, we see how the atmosphere moves; but the atmosphere, like 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.

To distribute moisture over the surface of the earth, and to temper the climate of different
latitudes, it would seem, are two great offices assigned by their Creator to the ocean and the air.

When the northeast and southeast trades meet, and produce the equatorial calms (§ 9), the
~ air, by this time, is heavily laden with moisture, for in each hemisphere it is travelled obliquely
over a large space of the ocean. It hasno room for escape but in the upward direction (§ 10.) It
expands as it ascends, and becomes cooler ; a portion of its vapor is thus condensed, and comes
down in the shape of rain. Therefore it is that, under these calms, we have a region of
constant precipitation. Old sailors tell us of such dead calms of long continuance 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 the equator are probably not such
as to cause it to precipitate 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 économy, 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—Amazon and the Mississippi, for example. We see them day
after day and year after year discharging an immense volume of water into the ocean.

« All the rivers run into the sea, yet the sea is not full.”—Ecc.,i. 7. Where do the waters
so discharged go, and whence do they come? They come from their sources you will say.
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But whence are their sources supplied ? for, unless what the fountain sends forth be returned
to it again, it will fail and be dry. ‘ A

16. We see simply, in the waters that are discharged by these rivers, the amount by which
the precipitation exceeds the evaporation throughout the whole extent of valley 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.

The springs of these rivers are supplied from the rains of heaven, and these rains are
formed of vapors 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.”

17. Behold now the waters of the Amazon, of the Mississippi, the St. Lawrence, and all the
great rivers of America, Europe, and Asia, lifted up by the atmosphere, and 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
nearly the same : for that is the quantity 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
constant.

We now begin to conceive what a powerful machine the atmosphere must be ; and, though
it is apparently so capricious and wayward in its movements, here is evidence of order and
arrangement which we must admit, and proof which we cannot deny, that it performs this
mighty office with regularity and certainty, and is, therefore, as obedient to law as is the steam
engine to the will of its builder. :

18. It, too, is an engine.. The South Seas themselves, in all their vast inter-tropical extent,
are the boiler for it, and the northern hemisphere is its condenser.

19. Where does the vapor that makes the rains which feed the rivers of the northern hemisphere
come from?

The proportion between the land and water in the northern hemisphere is very different
from the proportion between them in the southern, In the northern hemisphere the land and
water are nearly equally divided. In the southern there is several times more water than
land. Most of the great rivers in the world are in the northern hemisphere, where there is
less ocean to supply them. Whence, then, are their sources replenished? Those of the
Amazon are supplied with rains from the equa‘gp-rial{é;calms and trade-winds of the Adtlantic.
That river runs east, its branches come from the nﬁrthﬁ,nd south ; it is always the rainy season

»

on one side or the other of it ; consequehtly,“iﬁ-&jééi lower-parts, it is without periodic stages of
a very marked character. There it is always nearits high-water mark. For one-half of the year
its northern tributaries are flooded, and its southern for the other half. It discharges 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 from the Atlantic Ocean. Taking the Amazon, therefore,

out of the count, the Rio de la Plata is the only great river-of the southern hemisphere.

There is no large river in New Holland. The South Sea Islands give rise to none nor is

- there one in South Africa that we know of. -
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 lieg mainly in the southern hemisphere—how isit, I say, that we should have.the
evaporation to take place in one hemisphere and the condensation in the other? The total
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amount of rain which falls in the northern hemisphere is much greater, meteorologists tell us,
than that which falls in the southern. The annual amount of rain in the north temperate zone
is half as much again as that of the south temperate. :

20. How is it, then, that this vapor gets, as stated (8§ 18), from the southern into the northern
hemisphere, and comes with such regularity that our rivers never 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 counterpoised. Late in the autumn of the
north, throughout its winter, and in early spring, the sun is pouring his rays with the greatest
intensity down upon the seas of the southern hemisphere, and this powerful engine which we
are contemplating is pumping up the water there (3 18) for our rivers with the greatest activity.
At these seasons 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 latent, and, with the moisture, is
~ carried through the upper regions of the atmosphere until it reaches our climates. Here the

vapor is formed into clouds, condensed, and percipitated. The heat which held this water in

the state of vapor is set free, it becomes sensible heat, and it is that which contributes so much
to temper our winter climate. It clouds up in winter, turns warm, and we say we are going to
have falling weather. That is because the process of condensation has already commenced,
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 in the clouds of a southern
summer, and set free in the process of condensation in our northern winter.

21. If Plate III fairly represent the course of the winds, the southeast trade-winds would
enter the northern hemisphere, and, as an upper current, bear intd it all their moisture, except
that which is precipitated in the region of equatorial calms.

The south seas, then, according to § 18, 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 (§ 19), 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 tem-
perate zone is, according to Johnston, thirty-seven inches. He gives but twenty-six in the south
temperate.

22. Moisture is never extracted from the air by subjecting it from a low to a higher tem-
perature, but the reverse. Thus, all the air which comes loaded with moisture from the other
hemisphere, and is borne into this with the southeast trade-winds, travels in the upper regions
of the atmosphere (§ 8) until it reaches the calms of Cancer ; here it becomes the surface wind
that prevails from the southward and westward. As it goes porth it grows cooler, and the
Process of condensation commences.

We may now liken it to the wet sponge, and the decrease of temperature to the hand that
squeezes: that sponge. Finally reaching the cold latitudes, all the moisture 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” ag dry atmosphere ; and being dry, it licks up the clouds it meets on
its way south, making clear weather as it goes. Andhere we can quote Scripture again : “The
north wind driveth away rain” This is a meteorological fact of high authority and great
importance in the study of the circulation of the atmosphere,
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23. By reasoning in this manner we are led to the conclusion that our rivers are supplied
with their waters principally from the trade-wind regions—the extra-tropical northern rivers
from the southern trades, and the extra-tropical southern rivers from the northern trade-winds,
for the trade-winds are the evaporating winds.

Taking for our guide such faint glimmerings of light as we can catch from these facts; and
supposing these views to be correct, then the saltest portions of the sea should be in the
trade-wind regions, where the water for all the rivers is evaporated ; and there the saltest
portions are found."

24. Dr. Ruschenberger, of the navy, on his late voyage to India, was kind enough to conduct
a series of observations on the specific gravity of sea water. In about the parallel of 17° north
and south—midway of the trade-wind regions—he found the heaviest water. Though so warm,
the water there was heavier than the cold water to the south of the Cape of Good Hope.
Lieutenant D. D. Porter, in the steamship Golden Age, found the heaviest water about the
parallels of 20° north and 17° south.

In summing up the evidence in favor of this view of the general system of atmospherical
circulation, it remains to be shown how it is, if the view be correct, there should be smaller
rivers and less rain in the southern hemisphere.

25. The winds that are to blow as the northeast trade-winds, returning as upper currents
from the polar regions, where the moisture (§ 22) 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
ag the northeast 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.

The zone of the northeast trades extends, on an average, from about 29° north to 7° north.
Now, if we 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 enough to fill up, as nearly as may be, just
one-third of it. This land, if thrown into one body between these parallels, would make a belt
equal to 120° of longitude by 22° of latitude. :

According to the hypothesis, illustrated by Plate III, as to the circulation of the atmosphere,
it is these northeast trade-winds that take up and carry over, after they rise up in the belt of
equatorial calms, the vapors which make the rains that feed the rivers in the extra-tropxcal
regions of the southern hemisphere.

Upon this supposition, then, two-thirds only of the northeast trade-winds are fully charged
With moisture, and only two-thirds of the amount of rain that falls in the northern hemlsphere
should fall in the southern, and this is just about the proportion (§ 21) that obser vation gives.

26. TIn like manner, the southeast trade-winds take up the vapors which make our rivers, and
a8 they prevail to a much greater extent at sea, and have exposed to their action about three
times as much ocean as the northeast trade-winds have, we might expect, according to this
h}’POthesis more rains in the northern—and, consequently, more and larger rivers—than in the
Southern hemisphere. A glance at Plate XV will show how very much larger that part of the ocean
over which the southeast trades prevail is than that that where the northeast trade-winds blow.
, 27. This estimate as to the quantity of rain in the two hemispheres is one which is not
Capable of verification by any more than the rudest approximations; for the greater extént of
southeast tradés on one side, and of’ hlgh mountaing on the other; must éach of ‘necessity; and
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independent of other agents, have their effects. Nevertheless, this estimate gives as close an
approximation as we can make out from any other data.

28. T'he 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
Bogotd, none in Peru, and one in Chili.

In Oregon it rains every month, but more in the winter months.

The winter there is the summer of the southern hemisphere, when this steam engine is
working with the greatest pressure. The vapor that is taken up by the- southeast trades is
borne along over the region of northeast trades to latitude 35° or 40° north (§ 21), where it
descends and appears on the surface with the southwest winds of those latitudes. Driving upon
the highlands of the continent, this vapor is condensed and precipitated, during this part of the
year, almost in constant showers.

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

The southwest winds commence at this season to prevail as far down as the lower part of
California. In winter and spring the land in California is cooler 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 can not condense the vapors 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
hrings the calm belt of Cancer and the northeast trades along with him; and now, at places
where, six months before, the southwest winds were the prevaling winds, the northeast trades
are found to blow. This is the case in the latitude of California. The prevailing winds, then,
instead of going from a former to a cooler climate, as before, are going the opposite way. Con-
sequently, they cannot, if they have the moisture in them to make rains of, precipitate it under
such circumstances.

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 further north in the summer, where it tarries
for several months, and then returns so as to reach its extreme southern latitude some time in
March or April. Where these calms are, it is always raining, and the Chart shows that they
hang over the latitude of Panama from June to N ovember; consequently, from June to November
is the rainy season at Panama. The rest of the year that place is in the region of the northeast
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 northeast
trades further to the north, occupy a part of the winter zone, and refresh that part of the earth
with summer rains. This belt of calms moves over more than double of its breadth, and nearly
the entire motion from south to north 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 southeast trades. During
these two months, it was pouring down rain on that parallel. After the calm belt passes it, thé
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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 Bogot4 is
within the bi-rainy latitudes.

29. The Rainless Regions.—The coast of Peru is within the region of perpetual southeast
trade-winds. Though the Peruvian shores are on the verge of the great South Sea boiler, yet
it never rains there. The reason is plain.

The southeast trade-winds in the Atlantic Ocean first strike the water on the coast of Africa.
Travelling to the northwest, they blow obliquely across the ocean until they reach the coast of
Brazil. By this time they are heavily laden with vapor, 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 law temperature can extract.

Reaching the summiit-of that range, they now tumble down as cool and dry winds on the
Pacific slopes beyond. Meetmg with no evaporating surface, and with no temperature colder
than that to which they were subjected on the mountain-tops, they reach the ocean before they
become charged with fresh vapor, and before, therefore, they have any which the Peruvian
climate can extract. Thus we see how the top of the Andes becomes the reservoir from which
are supplied the rivers of Chili and Peru. '

The other rainl@és or almost rainless regions are the western coasts of Mexico, the deserts
of Africa, Asia, North America, and Australia. Now study the geographical features of the
country surrounding those regions; see how the mountain ranges run; then turn to Plate XV
to see how the winds blow, and where the sources are (§ 18) which supply them with vapors.
This plate shows the prevailing direction of the wind only at sea; but knowing it there, we
may infer what it is on the land. Supposing it to prevail on the land as it generally does in
corresponding latitudes at sea, then the plateswill suggest readily enough how the winds that
blow over these deserts came to be robbed of their moisture, or, rather, to have so much of it
taken from them as to reduce their dew-point below the desert temperature ; for the air (§ 22)
can never deposit its moisture when its temperature is higher than its dew-point.

We have a rainless region about the Red Sea, because the Red Sea, for the most part, lies
Within the northeast 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 vapor.

80. Most of New Holland lies within the southeast trade-wind region; so does most of
inter-tropical South America. 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. Whence this difference ? Examine the

dlrectlon of the winds with regard to the shore-line of these two. regions, and the explanation

will at once be suggested. In Australia—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
Austraha they fringe this shore only with their vapor, and o stint that thirsty land with showers
that the trees cannot afford to spread their leaves out to* the sun, for it evaporates all the
moisture from them; their instincts, therefore, teach’ them to turn their edges to his rays. In
America, they blow perpendicularly upon the shore, penetratmg the very heart of the country

4 M
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with their moisture. Here the leaves, as the plantain, &c., turn their broad sides up to the
sun, and court his rays.

31. 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 run north and south,
have a dry and a rainy side, and 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 illustration. In our summer time, when
the sun comes north, and drags after him his belts of perpetual winds and calms, that coast is
left within the regions of the northwest winds—the winds that are counter to the southeast
trades—which, cooled by the winter temperature of the high lands of Chili, deposit their
moisture copiously. During the rest of the year, the most of Chili is in the region of the
southeast 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 mountains as the Andes is the wet side,
and the lee side the dry.

32. The same phenomenon, from a like cause, is repeated 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. Plate XV shows India to be in one of the
monsoon regions; it is the most famous of them all. From October to April the northeast
trades prevail. They evaporate from the Bay of Bengal water enough to feed with rains,
during this season, 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 (§ 29) hold to the southeast
trades; it first cools and then relieves them of their moisture, and they tumble down on the
western slopes of the Ghauts, Peruvianlike, (§ 31,) 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 forever, 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.

83. After the northeast trades have blown out their season, which in India ends in April,
(§ 32,) the great arid plains of Central Asia, of Tartary, Thibet, and Mongolia, become heated
up, react upon these northeast trades, turn them back, and convert them, during the summer
. and early autumn, into southwest monsoons. These then come from the Indian Ocean and Sea
of Arabia loaded with moisture, and striking with it perpendicularly upon the Ghauts, precipi-
tate 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 to ask meteoro-
logical observers in India about the fall of rain, they tell us that on the western slopes of the
Ghauts it sometimes reaches the enormous depth of twelve or fifteen inches in one day.*

These winds then continue their course to the Himalaya range as dry winds. In crossing
this range, they are subjected to a lower temperature than that to which they were exposed
in crossing the Ghauts. Here they drop more of their moisture in the shape of snow and rain,
and then pass over into the thirsty lands beyond with scarcely enough vapor in them to make
even a clond. Thence they ascend into the upper air, there to become counter-currents in the

@ Xeith Johnston,



THE ATMOSPHERE, 29

general system of atmospherical circulation. B)/r studying Plate XV, where the rainless
regions and inland basins, as well as the course of the prevailing winds, are shown, these facts
will become obvious,

84. T'he Regions of Greatest Precipitation.—We shall now be enabled to determine, if the
views which I have been endeavoring to present be correct, what parts of the earth are
subject to the greatest fall of rain. They should be on the slopes of those mountains which
the trade-winds first strike, after having blown across the 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,

If, therefore, we commence at the parallel of about 30° north in the Pacific, where the
northeast trade-winds first strike that ocean, and trace them through their circuits till they
first strike high mountains, 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 northeast trade-winds, we shall find that they blow thence, and reach the region
of equatorial calms near the Caroline Islands. Here they rise up ; but, instead of pursuing the
same course in the upper stratum of winds through the southern hemisphere, they, in con-
sequence of the rotation of the earth, are made to take a southeast 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 northwest winds of the sou hern hemisphere,
which correspond to the southwest of the northern, Continuing on to the southeast, they are
now the surface winds; they are going from warmer to cooler latitudes; they become as the
wet spong, (§ 22,) and are abruptly intercepted by the Andes of Patagonia, whose cold summit
compresses 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 quantity of rain that falls.

We ought to expect a corresponding rainy region to be found to the north of Oregon; but
there the mountains are not so high, the obstruction to the southwest winds is not so abrupt,
the high lands are further from the coast, and the air which these winds carry in their circulation
to that part of the coast, though it be as heavily charged with moisture as at Patagonia, bas 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 part of the world the most equable
climates are to be found. They are to be found in the equatorial calms, where the northeast
and southeast trades meet fresh from the ocean, and keep the temperature uniform under a
canopy of perpetual clouds.

35. Amount of Evaporation.—The mean annual fall of rainon the entire surface of the earth
is estimated at about five feet.

To evaporate water enough annually from the ocean to cover the earth, on the average,
five feet deep with 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 principally from the torrid zone. Supposing

*I have, through the kindness of A. Holbrook, Esq., United States Attorney for Oregon, received the Oregon Spectator of
February 13, 1851, containing the Rev. G. 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 city during the year.
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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 annually sixteen feet in
depth. And to hoist up as high as the clouds, and lower down again all the water in a lake
sixteen feet deep, and three thousand miles broad, and twenty-four thousand long, is the yearly
business of this invisible machinery. What a powerful engine is the atmosphere! and how nicely
adjusted must be all the cogs, and wheels, and springs, and pinions 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.

36. In his annual report to the society, (Transactions ¢f the Bombay Geographical Society,
from May, 1849, to August, 1850, vol. ix,) Dr. Buist, the secretary, states, on the authority of
Mr. Laidly, that the evaporation at Calcutta is “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 throughout the year, we should,” continues the doctor, “have
eighteen feet of evaporation annually.”

If, in considering the direct observations upon the daily rate of evaporation in India, it be
remembered that 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 tempera-
ture and dry state of the wind, probably goes on as rapidly as it does anywhere else in the’
world; if, moreover, we remember that the regular trade-wind regions proper are, for the most
part, rainless regions at sea; that evaporation is going on from them all the year round, we
shall have reason to consider the estimate of sixteen feet annually for the trade-wind surface
of the ocean not too high.

87. We see the light beginning to break upon us, for we now begin to perceive why it is
that the proportions between the land and water were made as we find them in nature. If
there had been more water and less land, we should have had more rain, and wice 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, by contemplating the physical
arrangements of the earth from such points of view as this is which we now have before us ;
from it the sea, and the air, and the land, 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 evidence that they all
have their origin in ONE omniscient idea, just as the different parts of a watch may be con-
sidered to have been constructed and arranged according to one human design.

In some parts of the earth the precipitation is greater than the evaporation ; thus the
amount of water borne down by every river that runs into the sea may be considered as the
excess of the precipitation over the evaporation that takes place in the valley drained by that
river.

This excess comes from the sea ; the winds convey it to the interior ; and the forces of
gravity, dashing it along in mountain torrents or gentle streams, hurry it back to the sea

again.
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In other parts of the earth the evaporation and precipitation are exactly equal, as in those
inland basins such asthat in which the City of Mexico, Lake Titicaca, the Caspian Sea, &c., &c.,
are situated, which basins have no ocean drainage.

If more rain fell in the valley of the Caspian Sea than is'evaporated from it, that sea
would finally get full and 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. : '

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.

In other parts of the edrth still, we find places, as the Desert of Sahara, in which neither
evaporation nor precipitation takes place, and in which we find neither plant nor animal.

38. Aparramions.—In contemplating the system of terrestrial adaptations, these researches
teach one to regard the mountain ranges and the great deserts of the earth as the astronomer
does the counterpoises to his telescope ; though they may be mere dead weights, they are,
nevertheless, necessary to make the balance complete—the adjustments of this machine
perfect. These counterpoises give ease to the motions, stability to the performance, and
accuracy to the workings of the instrument. They are compensations.

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

It is by the action of opposite and compensating forces that the earth is kept in its orbit,
and the stars are held suspended in the azure vault of heaven; and these forces 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 to its proper place at the proper moment.

Nay, philosophy teaches us, when the little snow drop, which in our garden walks we see
raising its beautiful head to remind us that spring is at hand, was created, that the whole mass
of the earth from pole to pole, and from circumference to centre, must have been taken into
account and weighed, in order that the proper degree of strength might be given to the fibres
of even this little plant. .

Botanists tell us that the constitution of this plant is 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 opera-
tion may take place;, which is necessary in order that the herb should produce seed after its
kind; and that after this its vegetable health requires that it ghould lift its head again and
stand erect. 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 extinet with the first
individual that was planted, because its “seed” would not have been “in itself,” and therefore
it could not reproduce itself. .

Now if we see such perfect adaption, such exquisite adjustment, in the case of onme of
the smallest flowers of the field, how much more may we not expect “compensation” in the
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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 individual that is found in the entire
vegetable and animal kingdoms of the world?

When the east winds blow along the Atlantic coast for a little while, they bring wus air
saturated with moisture from the Gulf Stream, and we complain of the sultry, oppressive, heavy
atmosphere; the invalid grows worse, and the well man feels ill, because when he takes this
atmosphere into his lungs it is already so charged with moisture 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 too fast; he realizes the idea that it is
consuming him, and he calls the sensation parching.

39. Therefore, in considering the general laws which govern the physical agents of the
universe, and regulate them in the due performance of their offices, I have felt myself con-
strained to set out with the assumption that if the atmosphere had had a greater or less
capacity for moisture, 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 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 moisture, or the property given to the sea by which its
waters may become first vapor 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 proportion to all the rest, and impart to it those
properties and 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?

Harmonious in their action, the air and sea are obedient to law and subject to order in
all their movements; when we consult them in the performance of their offices they teach us
~ lessons concerning the wonders of the deep, the mysteries of the sky, the greatness and the
wisdom, and goodness of the Creator. The investigations 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 III.
RED FOGS AND SEA DUST#*

Where found, § 40.—Tallies on the wind, 41.—Where taken up, 42.—Information derived from Sea Dust, 43.-Its bearings
upon the theory of atmospherical circulation, 44.—Suggests magnetic agency, 45.

40. SeamEN tell us of “red fogs” which they sometimes encounter, especially in the
Vicinity of the Oape de Verde Islands. In other parts of the sea, also, they meet showers of
dust. What these showers precipitate into the Mediterranean is called “sirocco dust,” and in
other parts “African dust,” because the winds which accompany them are supposed to come
from the Sirocco Desert or some other parched land of the continent of Africa. It is of a brick-
red or cinnamon color, 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 follow me in the preceding chapters
around with “the wind in his circuits,” will perceive that proof is yet wanting to establish it
ag a fact that the northeast and southeast trades, after meeting and rising up in the equatorial
calms, do cross over and take the tracks represented by C and G, Plate IIL

Statements and reasons, and arguments enough, have already been made and adduced to
make it highly probable, according to human reasoning, that such is the case ; and though the
theoretical deductions showing such to be the case be never so good, positive proof that they

are true cannot fail to be received with delight and satisfaction.
Were it possible to take a portion of this air, as it travels down the southeast trades;

representing the general course of atmospherical circulation, and to put a tally on it by which
we could always recognize it again, 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.

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 skeptic, therefore, who finds it hard to believe that the general circulation is such as
Plate III 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
barts of the earth’s surface. ' _

As difficult as this seems to be, it has actually been done. Ehrenberg, with bis micro-
Scope, has established, almost beyond a doubt, that the air which the southeast trade-winds
bring to the equator does rise up there and pass over into the northern hemisphere.

41. The Sirocco, or African dust, which he has been observing so closely has turned out
to be tallies put upon the wind in the other hemisphere ; and this beautiful instrument of his
enables us to detect the marks on these little tallies as plainly as though those marks had been
‘Written upon labels of wood and tied to the wings of the wind.

This dust, when subjected to microscopic examination, is found to consist of infusoria and
Organisms, whose habitat is not Africa, but South America, and in the southeast trade-wind
region of South America. Professor Ehrenberg has examined specimens of sea dust from the

» Vide Maury’s Physical Geography of the Sea.
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Cape de Verdes and the regions thereabout, from Malta, Genoa, Lyons, and the Tyrol, and he
has found a similarity among them as striking as it would have been had these specimens been
all taken from the same pile. South American forms he recognizes 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 fact that there is a perpetual upper
current of air from South America to North Africa; and that the volume of air which flows to
the northward in these upper currents is nearly equal to the volume which flows to the south-
ward with the northeast trade-winds, there can be no doubt.

The “rain dust” has been observed most frequently to fall in spring and autumn—that is,
the fall has occurred after the equinoxes, but at intervals from them varying from thirty to
sixty days, more or less. To account for this sort of periodical occurrence of the falls of this
dust, Ehrenberg thinks it “necessary to suppose a dust-cloud to be held constantly swimming in
the atmosphere by continuous currents of air, and lying in the region of the trade-winds, but

suffering portial and periodical deviations.”
It has already been shown (§ 28) that the rain or calm belt between the trades travels up

and down the earth from north to south, making the rainy season wherever it goes. This dust
is probably taken up in the dry, and not in the wet season ; instead, therefore, of its being
“held in clouds suffering partial and periodical deviations,” as Ehrenberg suggests, it more
probably comes from one place about the vernal, and from another about the autumnal equinox ;
for places which have their rainy season at one equinox have their dry seasons at the other.

42. At the time of the vernal equinox the valley of the Lower Oronoco is then in its dry
season-—everything is parched up with the drought; the pools are dry, and the marshes and
plains arid wastes. All vegetation has ceased ; the great serpents and reptiles have buried
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.

This is the period of the year when the surface of the earth in this region, strewed with
impalpable and featherlight 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 disturbances which have made characteristic the equinoxes. Do not these
conditions appear sufficient to afford the “rain dust” for the spring showers ? '

At the period of the autumnal equinox another portion of the Amazonian basin is parched
with drought, and liable to winds that fill the air with dust, and with the remains of dead
animal and vegetable matter ; these impalpable organisms, which each rainy season calls into
being, to perish the succeeding season of drought, are perhaps distended and made even
lighter by the gases of decomposition which has been going on in the period of drought.

May not, therefore, the whirlwinds which accompany the vernal equinox, and sweep over
the lifeless plains of the Lower Oronoco, take up the “rain dust” which descends in the
northern hemisphere in April and May? and may it not be the atmospherical disturbances
which accompany the autumnal equinox that take up the microscopic organisms from the
Upper Oronoco and the great Amazonian basin for the showers of Qctober ?

43. Baron Humboldt, in his Aspects of Nature, thus contrasts the wet and the dry seasons
there :

* Humboldt,
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“When, under the vertical rays of the never-clouded sun, the carbonized turfy covering
falls into dust, the indurated soil cracks asunder as if from the shock of an 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 mariner. The lowering sky sheds a dim, almost straw-colored light on the
desolate plain. 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
suffocating heat, and the east wind, blowing over the long heated soil, brings with it no refresh-
ment, but rather a still more burning glow. The pools, which the yellow, fading branches of
the fan palm had protected from evaporation, 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 influence of the contact of unequally
heated and therefore unequally dense strata of air, hovers above the ground, from which it is
8eparated by a narrow intervening margin. 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 neighborhood of a not wholly dried-up pool. : .. ..

“ At length, after the long drought, the welcome season of the rain arrives; and then how
suddenly is the scene changed! . . .. .. ’

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

The color of the “rain dust,” when collected in parcels and sent to Ehrenberg, is “brick
red,” or “yellow ochre ;” when seen by Humboldt in the air, it was less deeply shaded, and is
described by him as imparting a “straw-color ” 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 color; but thethreads of this cocoon, as seen singly in the diaphragm, were of a golden
color; there would seem, therefore, no difficulty in reconciling the difference between the colors
of the rain dust, when viewed in little piles by the microscopist, and when seen attenuated and
floating in the wind by the great traveller. '

- It appears, therefore, that we here have placed in our hands a clew, which, attenuated and
gossamer-like though it at first appears, is nevertheless palpable and strong enough to guide us
along the “circuits of the wind” till we enter “the chambers of the south.”

The frequency of the fall of “rain dust” between the parallels of 17° and 25° north, and in
the vicinity of the Cape Verde Islands, is remarked upon with emphasis by the microscopist.
It is worthy of remark, because, in connection with the investigations at the Observatory, it is
significant,

The latitudinal limits of the northern edge of the northeast trade-winds are variable. In
the spring they are nearest to the equator, extending sometimes, in this season, not further
from the equator than the parallel of 15° north.

5M
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44. The breadth of the calms of Cancer is also variable; so also are their limits. The
extreme vibration of this zone is between the parallels of 17° and 38° north, according to the
season of the year. .

According to the hypothesis suggested by my researches, this is the zone in which the
upper currents of atmosphere that ascended in the equatorial calms, and flowed off to the north-
ward and eastward, are supposed to descend. This, therefore, is the zone in which the atmo-
sphere that bears the “rain dust,” or “African sand,” descends to the surface; and this, there-
fore, is the zone, it might be supposed, which would be the most liable to showers of this “dust.”
This is the zone in which the Cape Verde Islands are situated ; they are in the direction which
theory gives to the upper current of air from the Oronoco and Amazon with its “rain dust,”
and they are in the region of the most frequent showers of “rain dust,” all of which are in
striking conformity with this theory as to the circulation of the atmosphere.

It is true that, in the present state of our information, we cannot tell why this “rain dust”
- should not be gradually precipitated from this upper current, and descend into the stratum of
trade-winds as it passes from the equator to higher northern latitudes ; neither can we tell why
the vapor 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 display of any other
~ atmospherical phenomenon to-morrow, and not to-day ; all that we can say is, that the conditions
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 nevertheless 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
always meet with the conditions——electrical and others—favorable to its descent, and that these
conditions might occur now in this place, now in that. But that the fall does occur always in
the same atmospherical vein or general direction, my investigations would suggest, and Ehren-
berg’s researches prove.

- Judging by the fall of sea or rain dust, we may suppose that the currents in the upper
regions of the atmosphere 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 thunder-storm; and that the interval between the time of the equinoctial
. disturbances in the atmosphere and the occurrence of these showers, though it does not enable
us to determine the true rate of motion in the general system of atmospherical circulation, yet
it assures us that it is not less on the average than a certain rate.

I do not offer these remarks as an explanation with which we ought to rest satisfied,
provided other proof can be obtained; I rather offer them in the true philosophical spirit of
the distinguished microscopist himself, simply as affording, as far as they are entitled to be
called an explanation, 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.

45. Thus, though we may have tallied the air, and put labels on the wind, to “tell whence it
cometh and whither it goeth,” yet there evidently is an agent concerned in the circulation of the
atmosphere whose functions are manifest, but whose presence has never yet been clearly recognized.

When the air which the northeast trade-winds bring down meets in the equatorial calms
that which the southeast trade-winds convey, and the two rise up together, what is it that

makes them cross? where is the power that guides that from the north over to the south, and
that from the south up to the north ¢
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CHAPTERIV.

' THE WINDS.¥

Plate XVIII, § 46.—Monsoons, 47.—Why the Belt of Southeast is broader than the Belt of Northeast Trade-winds, 48.—
Effect of Deserts upon the Trade-winds, 49.—At Sea the Laws of Atmospherical Circulation are better developed, 50.—
Rarn Winbs, 51.—Precipitation on Land greater than Evaporation, 62.—The Place of Supply for the Vapors that feed
the Amazon with Rains, 53.—Monsoons: How formed, 54.—Monsoons of the Indian Ocean, 55.—How caused, 56.—
How the Monsoon Season may be known, 57.-~Why there are no extensive Monsoons from the Northward in the
Southern Hemisphere, 59.-—-Why the Trade-wind Zones are not stationary, 60.—Tar Caus Berrs, 61.—The Westerly

Winds, 63.

46. P1aTE XV is a chart of the winds based on information derived from the Pilot Charts.
The object of this chart is to make the young seamen acquainted only with the prevailing
direction of the wind in every part of the ocean.

The arrows of the plate are supposed to fly with the wind ; the half-bearded and half-
feathered arrows denoting monsoons or periodic winds; the dotted belts, the regions of calm
and baffling winds.

47. Monsoons, properly speaking, are winds which blow one-half of the year from one
direction, and the other half from an opposite or nearly an opposite direction.

Let us commence the study of Plate XV, by examining the trade-wind region ; for that is
the region in which monsoons are most apt to be found.

48. The belt or zone of the southeast trade-winds is broader (§ 12), it will be observed,
than the belt or zone of northeast trades. This phenomenon is explained by the fact that there
1s more land in the northern hemisphere, and that most of the deserts of the earth—as the great
deserts of Asia and Africa—are situated in the rear, or behind the northeast trades; so that as
these deserts become more or less heated, there is a call—a pulling back, if you please—upon
these trades to flow back and restore the equilibrium which the deserts destroy. There being
no, or few such regions in the rear of the southeast trades, they obey the first impulse, push
and press over into the northern hemisphere.

By resolving the forces which it is supposed are the principal forces that put these winds
in motion, viz: calorific action of the sun and diurnal rotation of the earth, we are led to the
conclusion that the latter is much the greater of the two in its effects upon those of the
northern hemisphere. But not to such an extent is it greater in its effects upon those of the
Southern. We see by the plate that those two opposing currents of wind are so unequally
balanced that the one recedes before the other, and that the current from the southern hemi-
sphere is larger in volume; 1. e., it moves a greater zone or belt of air. The southeast trade-
winds discharge themselves over the equator—. €., across a great circle—into the region of
equatorial calms, while the northeast trade-winds discharge themselves into the same region
over a parallel of latitude, and consequently over a small circle. If, therefore, we take what
obtains in the Atlantic as the type of what obtains entirely around the earth, as it regards the
trade-winds, we shall see that the southeast trade-winds keep in motion more air than the north-
©ast do, by a quantity at least proportioned to the difference between the circumference of the
earth at the equator, and at the parallel of latitude of 9° north.  For, if we suppose that those
two perpetual currents of air extend the same distance from the surface of the earth, and move

* Vide Physical Geogruphy of the Sea. Harper and Brothers, New York.
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with the same velocity, a greater volume from the south would flow across the equatorin a
given time than would flow from the north over the parallel of 9° in the same time; the ratio
between the two quantities would be as radius to the secant of 9°. Besides this, the quantity
of land lying within and to the north of the region of the northeast trade-winds is much greater
than the quantity within and to the south of the region of the southeast trade-winds. In con-
sequence of this, the mean level of the earth’s surface within the region of the northeast trade-
winds i, it may reasonably be supposed, somewhat above the mean level of that part which is
within the region of the southeast trade-winds. And as the northeast trade-winds blow under
the influence of a greater extent of land surface than the southeast trades do, the former are
more obstructed in their course than the latter by the forests, the mountain ranges, unequally
heated surfaces, and other such like inequalities.

As already stated, the investigations show that the momentum of the southeast trade-wmds

is sufficient to push the equatorial limits of their northern congeners back into the northern
‘hemisphere, and to keep them, at a mean, as far north as the ninth parallel of north latitude.

Besides this fact, they also indicate that while the northeast trade-winds, so called, make an
angle in their general course of about 23° with the equator, (east-northeast,) those of the south-
east make an angle of 30° or more with the equator (southeast by east). I speak of those in
the Atlantic, thus indicating that the latter approach the equator more directly in their course
than do the others, and that, consequently, the effect of the diurnal rotation of the earth being
the same for like parallels, north and south, the calorific influence of the sun exerts more power
in giving motion to the southern than to the northern system of Atlantic trade-winds.

49. That such is actually the case is rendered still more probable from this consideration :
All the great deserts are in the northern hemisphere, and the land surface is also much greater
on our side of the equator. The action of the sun upon these unequally absorbing and radiating
surfaces in and behind, or to the northward of the northeast trades, tends to retard these winds,
and to draw large volumes of the atmosphere, that otherwise would be moved by them, back
to supply the partial vacuum made by the heat of the sun, as it pours down its rays upon the
vast plains of burning sands and unequally heated land surfaces in our overheated hemisphere.
The northwest winds of the southern are also and consequently stronger than the southwest
winds of the northern hemisphere.

The investigations that have taken place show that the influence of the land upon the
normal directions of the wind at sea is an immense influence. It is frequently traced for a

thousand miles or more out upon the ocean. For instance, the action of the sun’s rays upon
the great deserts and arid plains of Africa, in the summer and autumnal months, is such as to
be felt nearly across the Atlantic Ocean between the equator and the parallel of 13° north.
Between this parallel and the equator, the trade-winds are turned back by the heated plains of
Africa, and are caused to blow a regular southwardly monsoon for several months. They bring the
rains which divide the season in these parts of the African coast. The region of the ocean
embraced by the monsoons is cuneiform in its shape, having its base resting upon Africa, and
its apex stretching over till within 10° or 15° of the mouth of the Amazon.

Indeed, when we come to study the effects of South America and Africa (as developed by
the Wind and Current Charts) upon the winds at sea, we should be led to the conclusion—had
the foot of civilized man never trod the interior of these two continents—that the climate of
one is humid; that its valleys are, for the most part, covered with vegetation, which protects
its surface from the sun’s rays; while the plains of the other are arid and naked, and, for the
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most part, act like furnaces in drawing the winds from the sea to supply.air for the ascending
columns which rise from its overheated plains.

Pushing these facts and arguments still further, these beautiful and interesting researches
seem already sufficient almost to justify the assertion that, were it not for the Great Desert of
Sahara, and other arid plains of Africa, the western shores of that continent, within the trade-
wind region, would be almost, if not altogether, as rainless and sterile as the desert itself,

These investigations, with their beautiful developments, eagerly captivate the mind ; giving
wings to the imagination, they teach us to regard the sandy deserts, and arid plains, and the
inland basins of the earth,.as compensations in the great system of atmospherical circulation.
Like counterpoises to the telescope, which the astronomer regards as incumbrances to his
instrument, these wastes serve as make-weights, to give certainty and smoothness of motion—
facility and accuracy to the workings of the machine.

50. When we travel out upon the ocean, and get beyond the influence of the land upon
the winds, we find ourselves in a field particularly favorable for studying the general laws of
atmospherical circulation. Here, beyond the reach of the great equatorial and polar currents
of the sea, there are no unduly heated surfaces, no mountain ranges, or other obstructions to
the circulation of the atmosphere—nothing to disturb it in its natural courses. The sea, there-
fore, is the field for observing the operations of the general laws which govern the movements
of the great aerial ocean. Observations on the land will enable us to discover the exceptions.
But from the sea we shall get the rule. Each valley, every mountain range and local district,
may be said to have its own peculiar system of calms, winds, rains, and droughts. But not so
the surface of the broad ocean; over it the agents which are at work are of a uniform character.

51. Rain-wiNDps are the winds which convey the vapor from the sea, where it is taken up,
to other parts of the earth, where it is let down either as snow, hail, or rain. As a general
rule, the trade-winds may be regarded as the evaporating winds; and when, in the course of
their circuit, they become monsoons, or the variables of either hemisphere, they then generally
become also the rain-winds—especially the monsoons for certain localities. Thus, the south-
west monsoons of the Indian Ocean are the rain-winds for the west coast of the Peninsula
(§ 33). In like manner, the African monsoons of the Atlantic are the winds which feed the
springs of the Niger and the Senegal with rains.

52. Upon every water-shed which is drained into the sea, the precipitation may be
considered as greater than the evaporation, for the whole extent of the shed so drained, by the
amount of water which runs off through the river into the sea. In this view, all rivers may
be regarded as immense rain-gauges, and the volume of water annually discharged by any one,
a8 an expression of the quantity which is annually evaporated from the sea, carried back by
the winds, and precipitated throughout the whole extent of the valley that is drained by it.
Now, if we knew the rain-winds from the dry, for each locality and season generally throughout
such g basfn, we should be enabled to determine, with some degree of probability at least, ag
to the part of the ocean from which such rains were evaporated. And thus, notwithstanding
all the eddies caused by mountain chains, and other uneven gurfaces, we might detect the
general course of the atmospherical circulation over the land as well as the sea, and make the
general courses of circulation in each valley as obvious to the mind of the philosopher as is the
current of the Mississippi, or of any other great river, to his senses,

53. These investigations as to the rain-winds at sea, indicate that the vapors which supply
the sources of the Amazon with rain are taken up from the Atlantic Ocean by the northeast
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and southeast trade-winds; and many circumstances, some of which have already been detailed,
tend to show that the winds which feed the Mississippi with rains get their vapor in the south-
east trade-wind region of the other hemisphere. For instance, we know from observation that
the trade-wind. regions of the ocean, beyond the immediate vicinity of the land, are, for the
most part, rainless regions, and that the trade-wind zones may be described, in a hyetographic
sense, as the evaporating regions. They also show, or rather indicate as a general rule, that,
leaving the polar limits of the two trade-wind systems, and approaching the nearest pole, the
precipitation is greater than the evaporation until the point of maximum cold is reached.

And we know, also, that, as a general rule, the southeast and northeast trade-winds which
come from a lower and go to a higher temperature are the evaporating winds—:. e., they
.evaporate more than they precipitate ; while those winds which come from a higher and go to
a lower temperature are the rain-winds—«. e., they precipitate more than they evaporate. That
such is the case, not only do researches indicate, but reason teaches, and philosophy tells.

These views, therefore, suggest the inquiry as to the sufficiency of the Atlantic, after supplying
the sources of the Amazon and its tributaries with their waters, to supply also the sources of
the Mississippi and the St. Lawrence, and of all the rivers, great and small, of North America
and Europe.

A careful study of the rain-winds, in connection with the Wind and Current Charts, will
probably indicate to us the “springs in the ocean” which supply the vapors for the rains that
are carried off by those great rivers. “All the rivers run into the sea; yet the sea is not full ;
unto the place from whence the rivers come, thither they return again.”

54. Monsoons (§ 47) are, for the most part, formed of trade-winds. When a trade-wind is
turned back or diverted by overheated districts from its regular course at stated seasons of the
year, it is regarded as a monsoon. Thus the African monsoons of the Atlantic (Plate XV), the
‘monsoons of the Gulf of Mexico, and the Central American monsoons of the Pacific, are, for the
most part, formed of the northeast trade-winds, which are turned back to restore the equilibrium
which the overheated plains of Africa, Utah, Texas, and New Mexico have disturbed. When
the monsoons prevail for five months at a time, for it takes about a month for them to change
and become settled, then both they and the trade-winds, of which they are formed, are called
mMonsoons.

55. The northeast and the southwest monsoons of the Indian Ocean afford an example of
this kind. A force is exerted upon the northeast trade-winds of that sea by the disturbance
which the heat of summer creates in the atmosphere over the interior plains of Asia, which is
more than sufficient to neutralize the forces which cause those winds to blow as trade-winds ; it
turns them back ; and were it not for the peculiar conditions of the land about that ocean, what
are now called the northeast monsoons would blow the year round ; there would be no southwest
monsoons ; and the northeast winds, being perpetual, would become all the year, what in reality
for five months (§ 54) they are, viz: northeast trade-winds.

56. The agents which produce monsoons reside (§ 55) on the land. These winds are caused
by the rarefaction of the air over large districts of country situated on the polar edge, or near
the polar edge of the trade-winds. Thus the monsoons of the Indian Qcean are caused by the
intense heat which the rays of a cloudless sun produce during the summer time upon the Desert
of Cobi and the burning plains of Central Asia. When the sun is north of the equator, the force of
his rays, beating down upon these wide and thirsty plains, is such as to cause the vast superin-
cumbent hody of air to expand and ascend. There is, consequently, a rush of air, especially
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from toward the equator, to restore the equilibrium ; and in this case, the force which tends to
draw the northeast trade-winds back becomés greater than the force which is acting to propel
them forward. Consequently, they obey the stronger power, turn back, and become the famous
southwest monsoons of the Indian Ocean, which blow from May to September, inclusive.

Of course, the vast plains of Asia are not brought up to monsoon heat per saltum or in a
day. They require time both to be heated up to this point and to be cooled down again.
Hence, there is a conflict for a few weeks about the change of the monsoon, when neither the
trade-wind nor the monsoon force has fairly lost or gained the ascendency. This debatable
period amounts to about a month at each change. So that the monsoons of the Indian Ocean
prevail really for about five months each way, viz: from May to September, from the southwest,
in obedience to the influence of the overheated plains, and from November to March, inclusive,
from the northeast, in obedience to the trade-wind force.

57. The monsoon season may be always known by referring to the cause Whlch produces
these winds. Thus, by recollecting where the thirsty and overheated plains are which cause
the monsoons, we know at once that these winds are rushing with greatest force toward these
Plains at the time that is the hottest season of the year upon them.

The influence of these heated plains upon the winds at sea is felt for a thousand miles and
more. Thus, though the Desert of Cobi and the sun-burnt plains of Asia are, for the most part,
north of latitude 30°, their influence in making monsoons is felt south of the equator (Plate XV).
So, too, with the great Desert of Sahara and the African monsoons of the Atlantic ; also, with
the Salt Lake country and the Mexican monsoons on one side, and those of Central America in the
Pacific on the other. The influence of the deserts of Arabia upon the winds is felt in Austria
and other parts of Europe, as the observations of Kriel, Lamont, and others show.

58. It would appear, therefore, that these desert countries exercise a powerful influence in
checking, and consequently in weakening, the force of the northeast trade-winds. There are no
such extensive influences at work checking the southeast trades. On the contrary, these are
accelerated ; for the same forces that serve to draw the northeast trade-winds back, or retard
them, tend also to draw the southeast trade-winds on or to accelerate them. Hence, the ability
of the southeast trade-winds to push themselves over into the northern hemisphere.

Hence, also, we infer that, between certain parallels of latitude in the northern hemisphere,
the sun’s rays, by reason of the great extent of land surface, operate with much more intensity
than they do between corresponding parallels in the southern; and that, consequently, the
mean summer temperature on shore, north of the equator, is higher than it is south—a beautiful
Physical fact which the winds have revealed, in corroboration of what observatlons with the
thermometer had already induced meteorologists to suspect.

59. It appears, from what has been said (§54), that it is the rays of the sun operating upon
the land, not upon the water, which causes the monsoons. Now let us turn to Plate XV, and
eXamine into this view. The monsoon regions are marked with half-bearded and half:feathered
arrows ; and we perceive, looking at the northern hemisphere, that all of Europe, some of Africa,
Most of Asia, and nearly the whole of North America, are to the north, or on the polar side of
the northeast trade-wind zone ; whereas but a small part of Australia, less of South America,
and still less of South Africa, are situated on the polar side of the zone of southeast trade-winds.
In other words, there are no great plains on the polar side of the southeast trade-winds upon
Wwhich the rays of the sun, in the summer of the other hemisphere, can play with force enough
to rarefy the air sufficiently to materially interrupt these winds in their course, or to spread out
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over large portions of the sea systems of monsoons, But, besides the vast area of such plains
on the polar side of its trade-wind belt in the northern hemisphere, the heat of which is suffi-
cient (§ 57) to draw these trade-winds back, there are numerous other districts in the extra-
tropical regions of our hemisphere, the summer heat of which, though it be not sufficient to
turn the northeast trade-winds back, and make a monsoon of them, yet may be sufficient to
weaken them in their force, and, by retarding them (§ 58), draw the southeast trade-winds
over into the northern hemisphere.

60. Now, as this interference from the land takes place in the summer only, we might infer,
without appealing to actual observation, that the position of these trade-wind zones is variable ;
that is, that the equatorial edge of the southeast trade-wind zones is further to the north in our
summer, when the northeast trades are most feeble, than it is in winter, when they are strongest.

We have here, then, at work upon these trade-wind zones, a force now weak, now strong,
which, of course, would cause these zones to vibrate up and down the ocean, and within certain
* limits, according to the season of the year. These limits are given on Plate XV for spring and
autumn. During the latter season, these zones reach their extreme northern declination, and
in our spring their utmost limits toward the south.

61. Tae Carm Berrs.—There is between the two systems of trade-winds a region of calms,
known as the equatorial calms. It has a mean average breadth of about six degrees of latitude.
In this region, the air which is brought to the equator by the northeast and southeast trades
ascends. This belt of calms always separates these two trade-wind zones, and travels up and
down with them. If we liken this belt of equatorial calms to an immense atmospherical trough,
extending, as it does, entirely around the earth, and if we liken the northeast and southeast
trade-winds to two streams discharging themselves into it, we shall see that we have two currents
perpetually running in at the bottom, and that, therefore, we must have as much air as the two
currents bring in at the bottom to flow out at the top. What flows out at the top is carried
back north and south by these upper currents, which are thus proved to exist and to flow counter
to the trade-winds.

Using still further this mode of illustration : if we liken the calm belt of Cancer and the
calm belt of Capricorn each to a great atmospherical trough extending around the earth also,
we shall see that in this case the currents are running in at the top and out at the bottom (§ 8).

The belt of equatorial calms is a belt of constant precipitation. Captain Wilkes, of the
~ Exploring Expedition, when he crossed it in 1838, found it to extend from 4° north to 12° north.
He was ten days in crossing it, and during those ten days rain fell to the depth of 6.15 inches,
or at the rate of eighteen feet and upward during the year. In the summer months, this belt
of calms is found between the parallels of 8° and 14° of north latitude; and, in the spring,
between 5° south and 4° north. '

This calm belt carries with it the rainy seasons of the torrid zone, always, in its motions
from south to north and back, arriving at certain parallels at stated periods of the year; con-
sequently, by attentively considering Plate XV, one can tell what places within the range of
this zone have, during the year, two rainy seasons, what one, and what are the rainy months for
each locality.

‘ Were the northeast and the southeast trades, with the belt of equatorial calms, of different
colors, and visible to an astronomer in one of the planets, he might, by the motion of these belts
or girdles alone, tell the seasons with us. He would see them at one season going north, then
appearing stationary, and then commencing their return to the south. But, though he would
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observe (§ 28) that they follow the sun in his annual course, he would remark that théy do not
change their latitude as much as the sun does his declination ; he would, therefore, discover that
their extremes of declination are not so far asunder as the tropics of Cancer and Capricorn, though
in certain seasons the changes from day to day are very great. He would observe that these zones
of winds and calms have their tropics or stationary nodes, about which they linger near three
months at a time ; and that they pass from one of their tropics to the other in a little less than
another three months. Thus he would observe the whole system of belts to go north from the
latter part of May till some time in August. Then they would stop and remain stationary till
winter, in December ; when again they would commence to move rapidly over the ocean, and
down toward the south, until the last of February or the first of March ; then, again, they
would become stationary, and remain about this, their southern tropic, till May again.

62. Tue HorsE LarTupes.—Having completed the physical examination of the equatorial
calms and winds, if the supposed observer should now turn his telescope toward the poles of
our earth, he would observe a zone of calms bordering the northeast trade-winds on the north
(§ 8,) and another bordering the southeast trade-winds on the south, (§ 11.) These calm zones
also would be observed to vibrate up and down with the ‘trade-wind zones, partaking (§ 28) of
their motions, and following the declination of the sun.

On the polar side of each of these two calm zones there would be a broad band extending
up into the polar regions, the prevailing winds within which are the opposites of the trade-
winds, viz: southwest in the northern and northwest in the southern hemisphere.

The equatorial edge of these calm belts is near the tropics, and their average breadth is
10° or 12°. On one side of these belts (§ 8) the wind blows perpetually toward the equator ;
on the other, their prevailing direction is towards the poles. They are called (§ 8) the ‘horse
latitudes’” by seamen.

Along the polar borders of these two calm belts (§ 28) we have another region of precipi-
tation, though generally the rains here are not so constant as they are in the equatorial calms.
The precipitation near the tropical calms is nevertheless suflicient to mark the seasons; for
whenever these calm zones, as they go from north to south with the sun, leave a given parallel,
the rainy season of that parallel, if it be in winter, is said to commence. Hence, we may
explain the rainy season in Chili at the south, and in California at the north.

63. THE WESTERLY WINDS.—To complete the physical examination of the earth’s atmosphere,
which we have supposed an astronomer in one of the planets to have undertaken, according to
the facts developed by the Wind and Current Charts, it remains for him to turn his telescope
upon the southwest passage winds of the northern hemisphere, pursue them into the arctic
regions, and see theoretically how they get there, and, being there, what becomes of them.

From the parallel of 40° up toward the north pole, the prevailing winds, as already rema,.rked,
are the southwest passage winds, (Plate XV,) or, as they are more generally called by mariners,
the ‘“‘westerly’” winds; these, in the Atlantic, prevail over the weasterly’’ winds in the ratio
of about two to one.

Now if we suppose, and such is probably the case, these ““wosterly’’ winds to convey in two
days a greater volume of atmosphere toward the arctic circle than those *‘easterly’’ winds can
bring back in one, we establish the necessity for an upper current by which this difference may
be returned to the tropical calms of our hemisphere, (§ 13.) Therefore, there must be some
Place in the polar regions at which these southwest winds cease to go north, and from which
they commence their return to the south, and this locality must be in a region peculiarly liabl

6M
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to calms. It is another atmospherical node in which the motion of the air is upward, with a
decrease of barometric pressure. It is marked P, Plate III.

If we now return to the calm belt of the northern tropie, and trace theoretically a portion
of air that, in its circuit, shall fairly represent the average course of these southwest passage
winds, we shall see (§ 14) that it approaches the pole in a loxodromic curve; that as it

~approaches the pole it acquires, from the spiral convolutions of this curve, which represent
its path, a whirling motion, in a direction contrary to that of the hands of a watch; and that
the portion of atmosphere whose path we are following would gradually contract its gyrations,
until it would finally ascend, turning against the hands of a watch as it whirls around.

In -the southern hemisphere a like process is going on ; only there the northwest passage
wind would, as it arrives near the antarctic calms, acquire a motion with the sun, or in the
direction of the hands of a watch.

CHAPTER V.
ON THE GEOLOGICAL AGENCY OF THE WINDS. *

'To appreciate the offices of the Winds and Waves, Nature must be regarded as a whole, § 64.—The Dead Sea, § 65.—The
Effect produced by the uphecaval of Mountains across the course of vapor-bearing Winds, § 67.—Effect of the Andes
upon vapor-bearing Winds, § 69.—Geological Age of the Andes and Dead Sca compared, § 70.—Rain and Evaporation in
the Mediterrancan, § 71.—Evaporation and Precipitation in the Caspian Sea equal, § 72.—The Quantity of Moisture the
Atmosphere keeps in Circulation, § 73.—Where Vapor for the Rains that feed the Nile comesfrom, § 74.—XLake Titicaca, § 75.

64. PrOPERLY to appreciate the various offices which the winds and the waves perform,
we must regard nature as a whole, for all the departments thereof are intimately connected.
If we attempt to study one of them, we often find ourselves tracing clews which lead us off
insensibly into others, and, before we are aware, we discover ourselves exploring the chambers
of some other department.

The study of drift takes the geologist out to sea, and reminds him that a knowledge of
waves, winds, and currents, of navigation and hydrography, are closely and intimately con-
nected with his favorite pursuit. ‘

The astronomer directs his telescope to the most remote star, or to the nearest planet in
the sky, and makes an observation upon it. He cannot reduce this observation, nor make any
use of it until he has availed himself of certain principles of optics; until he has consulted the
thermometer, gauged the atmosphere, and considered the effect of heat in changing its
powers of refraction. In order to adjust the pendulum of his clock to the right length he has
to measure the water of the sea and weigh the earth. He, too, must therefore go into the
study of the tides; he must examine the earth’s crust, and consider the matter of which it is
composed from pole to pole, circumference to centre; and in doing this he finds himself, in his
researches, right alongside of the navigator, the geologist, and the meteorologist, with a host of
other good fellows, each one holding by the same thread, and following it up into the same
labyrinth—all, it may be, with different objects in view, but, nevertheless, each thread will be
sure. to lead them where there are stores of knowledge for all, and instruction for each one

* Vide Maury's Physical Geography of the Sea.
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in particular. And thus, in undertaking to explore the physical geography of the sea, I have
found myself standing side by side with the geologist on the land, and with him, far away from
the sea-shore, engaged in considering some of the phenomena which the inland basins of the
earth, those immense indentations on its surface that have no sea-drainage, present for contem-
plation and study.

65. Among the most interesting of these is that of the Dead Sea. Captain Lynch, of the
United States Navy, has run a level from that sea to the Mediterranean, and finds the former
to be about one thousand three hundred feet below the general sea-level of the earth. In
seeking to account for this.great difference of water-level, the geologist examines the neighbor-
ing region, and. calls to his aid the forces of elevation and depression which are supposed to
have resided in the neighborhood; he then points to them as the agents which did the work.
Truly they are mighty agents, and they have diversified the surface of the earth with the most
towering monuments of their power. Butis it necessary to suppose that they resided in the
vicinity of this region? May they not have come from the sea, and been, if not in this case,
at least in the case of other inland basins as far removed as the other hemisphere? The
inquiry as to the geological agency of the winds in such cases is a question which my investi-
gations have suggested; and I propound it as one which, in accounting for the formation of
this or that inland basin, is worthy, at least, of consideration.

Is there any evidence that the annual amount of precipitation upon the water-shed of the
Dead Sea, at some former period, was greater than the annual amount of evaporation from it
now is? If yea, from what part of the sea did the vapor that supplied the excess of that
precipitation come, and what has cut off that supply? The mere elevation and depression of
the lake basin (§:65) would not do it. S e

If we estublish the fact that the Dead Sea at a former period did send a river to the
ocean, we carry along with it the admission that when the sea overflowed into that river, then
the water that fell from the clouds over the Dead Sea basin was more than the winds could
convert into vapor and carry away again; the river carried off the excess to the ocean whence
it came, (§ 15.)

In the basin of the Dead Sea, in the basin of the Caspian, of the Sea of Aral, and in the
other inland basins of Asia, we are entitled to infer that the precipitation and evaporation are
at this time exactly equal. Were it not so, the level of these seas would be rising or sinking.
If the precipitation were in excess, these seas would be gradually becoming fuller; and if the
evaporation were in excess, they would be gradually drying up; but observation does not
show, nor history tell us, that either is the case. As far as we know, the level of these seas is
as permanent as that of the ocean, and it is difficult to realize the existence of subterranean
channels between it and the great ocean. Were there such a channel; the Dead Sea being the
lower, it would be the recipient of ocean waters; and we cannot conceive how it should be
such a recipient without ultimately rising to. the level of its feeder.

66. It may be that the question suggested by my researches has no bearing upon the

- Dead Sea ; that local elevations and subsidences alone were concerned in placing the level of
its waters where it is. Butis it probable that, throughout all the geological periods, during
all the changes which have taken place in the distribution of land and water surface over the
earth, the winds, which in the general channels of circulation pass over the Dead Sea, have
alone been unchanged? Throughout all ages, periods, and formations, is it probable that the
winds have just brought us as much moisture to that sea as they now bring, and have just
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taken up as much water from it as they now carry off? Obviously and clearly not. The salt-
beds, the water-marks, the geological formations, and other facts traced by Nature’s own hand
upon the tablets of the rock, all indicate plainly enough that not only the Dead Sea, but the
Caspian also, had upon them, in former periods, more abundant rains than they now have.
Where did the vapor for those rains come from? and what has stopped the supply? Surely
not the elevation or depression of the Dead Sea basin.

My researches with regard to the winds have suggested the probability (§-19) that the
vapor which is condensed into rains for the lake valley, and which the St. Lawrence carries
off to the Atlantic Ocean, is taken up by the southeast trade-winds of the Pacific Ocean.
Suppose this to be the case, and that the winds which bring this vapor arrive with it in the
lake country at a mean dew-point of 56°. This would make the southwest winds the rain winds
for the lakes generally, as well as for the Mississippi valley ; there are also, speaking generally,

the rain winds of Europe, and, I have no doubt, of extra-tropical Asia.
67. Now suppose a certain. mountain range, hundreds of miles to the southwest of the

lakes, but across the path of these winds, were to be suddenly elevated, and its crest pushed
up into the regions of snow, having a mean temperature of 30° Fahrenheit. The winds, in
passing that range, would be subjected to a mean dew-point of 30° ; and, not meeting with any
more evaporating surface between such range and the lakes, (§ 22,) they would have no longer
any moisture to deposit at the supposed lake temperature of 50°; they could not yield their
moisture to anything above 30°. Consequently, the amount of precipitation in the lake
country would fall off ; the winds which feed the lakes would cease to bring as much water as
the lakes now give to the St. Lawrence. In such a case, that river and the Niagara would
drain them to the level of their bed; evaporation would be increased by reason of the dryness
of the atinosphere and the want of rain, and the lakes would sink to that level at which, as in
‘the case of the Caspian Sea, the precipitation and evaporation would finally become equal.

There is a self-regulating principle that would bring about this equality ; for as the water
in the lakes becomes lower, the area of its surface would be diminished, and the amount of
vapor taken from it would consequently become less and less as the surface was lowered, until
the amount of water evaporated would become equal to the amount rained down again, pre-
cisely in the same way that the amount of water evaporated from the sea is exactly equal to
the whole amount poured back into it by the rains, the fogs, and the dews.* Thus the great
lakes of this continent would remain inland seas at a permanent level; the salt brought from
the soil by the washings of the rivers and rains would cease to be taken off to the ocean as it
now is ; and finally, too, the great American lakes, in the process of ages, would become first
brackish and then briny.

Now. suppose the water basins which hold the lakes to be over a thousand fathoms (six
thousand feet) deep. We know they are not more than four hundred and twenty feet deep ;
but suppose them to be six thousand feet deep. The process of evaporation, after the St.
Lawrence had gone dry, might go on until one or two thousand feet or more were lost from
the surface, and we should then have another instance of the level of an inland water-basin
being far below the sealevel, as in the case of the Dead Sea; or it would become a rainless
district, when the lakes themselves would go dry.

Or let us take another case for illustration. Corallines are at work about the Gulf
Stream ; they have built up the Florida Reefs on one side, and the Bahama Banks on the

© The quantity of dew in England is about five inches during & year.—Glaisher.
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other. Suppose they should build up a dam across the Florida Pass, and obstruct the Gulf
Stream, and that in like manner they were to connect Cuba with Yucatan, by damming up the
Yucatan Pass, so that the waters of the Atlantic should cease to flow into the Gulf. What
should we have ? :

The depth of the marine basin which holds the waters of the Gulf is, in the deepest part,
about a mile. The officers of the United States ship Albany have run a line of deep-sea
soundings from west to east across the Gulf; the greatest depth they reported was about eight
thousand feet. Subsequent experiments, however, induce the belief that the depth is not
quite so great. :

We should therefore have, by stopping up the channels between the Gulf and the
Atlantic, not a sealevel in the Gulf, but we should have a mean level between evaporation and
precipitation. If the former were in excess, the level of the Gulf waters would sink down
until the surface exposed to the air would be just sufficient to return to the atmosphere, as
vapor, the amount of water discharged by the rivers—the Mississippi and others—into the
Gulf. Asthe waters were lowered, the extent of evaporating surface would grow less and
less, until Nature should establish the proper ratio between the ability of the air to take up
and the capacity of the rain to let down. Thus we might have a sea whose level would be
much further below the water level of the ocean than is the Dead Sea.

68, There is still another process, besides the two already alluded to, by which the
drainage of these inland basins may, through the agency of the sea winds, have been cut off
from the great salt seas, and that is by the elevation of, continents from the bottom of the sea
in distant regions of the earth, and the substitution caused thereby of dry land instead of
water for the winds to blow upon.

Now, suppose that a continent should rise up in that part of the ocean, wherever it may
be, that supplies the clouds with the vapor that makes the rain for the hydrographic basin of
the great American lakes. What would be the result? Why, surely, fewer clouds and less
rain, which would involve a change of climate in the lake country ; an increase of evaporation
from it, because a decrease of precipitation upon it; and consequently a diminution of cloudy
screens to protect the waters of the lakes from being sucked up by the rays of the sun; and
consequently, too, there would follow a low stage for water-courses, and a lowering of the lake
level would ensue.

So far, I have instanced these cases only hypothetically; but, both in regard to the
hydrographical basins of the Mexican Gulf and American lakes, I have confined myself strictly
to analogies. Mountain ranges have been upheaved across the course of the winds, and
continents have been raised from the bottom of the sea; and, no doubt, the influence of such
upheavals has been felt in remote regions by means of the winds, and the effects which a
greater or less amount of moisture brought by them would produce. ,

In the case of the Salt Lake of Utah, we have an example of drainage that has been cut
off, and an illustration of the process by which Nature equalizes the evaporation and precipitation.
To do this, in this instance, she is salting up the basin which received the drainage of this inland
water-shed. Here we have the appearance, I am told, of an old channel, by which the water
used to flow from this basin to the sea. Supposing there was such a time and such a water-
course, the water returned through it to the ocean was the amount by which the precipitation
used to exceed the evaporation over the whole extent of country drained through this now dry
bed of & river. The winds havé had something to do with this; they are the agents which
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used to bring more moisture from the sea to this water-shed than they took away; and they are
the agents which now carry off from that valley more moisture than is brought to it, and which,
therefore, are making a salt-bed of places that used to be covered by water. In like manner
there is evidence that the great American lakes formerly had a drainage with the Gulf of Mexico.
Steamers have been actually known, in former years, and in times of freshets, to pass from the
Mississippi over into the lakes. At low water the bed of a dry river can be traced between
them. Now, the Salt Lake of Utah is to the southward and westward of our northern lake
basin; that is, the quarter whence the rain winds have been supposed to come. May not the
same cause which lessened the precipitation or increased the evaporation in the Salt Lake
water-shed, have done the same for the water-shed of the great American system of lakes?

If the mountains to the west—the Sierra Nevada, for instance—stand higher now than they
formerly did, and if the winds which fed the Salt Lake valley with precipitation had, as I
suppose they have, to pass the summits of the mountains, it is easy to perceive why the winds

. should not convey as much vapor across them now as they did when the summit of the ranges

was lower and not so cool.
69. The Andes, in the trade-wind region of South America, stand up so high that the wind,

in order to cross them, has to part with all its moisture, (§ 29,) and consequently there is, on
the other side, a rainless region. Now, suppose a range of such mountains as these to be
elevated across the track of the winds which supply the lake country with rains; it is easy to
perceive how the whole country, watered by the vapor which such winds bring, would be
converted into a rainless region. .

I have used these cases to illustrate a position which any philosopher, who considers the
geological agency of the winds, may with propriety consult, when heis told of an inland basin,
the water-level of which, it is evident, was once higher than it now is; and that position is that,
though the evidences of a higher water-level be unmistakable and conclusive, it does not follow,
therefore, that there has been a subsidence of the lake basin itself, or an upheaval of the water-
shed drained by it.

The cause which has produced this change in the water-level, instead of being local and near,
may be remote; it may have its seat in the obstructions which have been interposed in some
other quarter of the world, which obstructions may prevent the winds from taking up or from

. bearing off their wonted supplies of moisture for the region whose water-level has been lowered.

Having, therefore, I hope, made clear the meaning of the question proposed, by showing

' the manner in which winds may become important geological agents, and having explained how

the upheaving of a mountain range in one part of the world may, through the winds, bear upon
the physical geography of the sea, affect climates, and produce geological phenomena in another,
I return to the Dead Sea and the great inland basins of Asia, and ask, How far is it possible for
the elevation of the South American continent, and the upheaval of its mountains, to have had
any effect upon the water-level of those seas? There are indications (§ 66) that they all once

had a higher water-level than they now have, and that formerly the amount of precipitation

was greater than it now is; then what has become of the sources of vapor? What has diminished
its supply? Its supply would be diminished (§ 68) by the substitution of dry land in those

‘parts of the ocean which used to supply that vapor; or the quantity of vapor deposited in the

hydrographical basing of those seas would have been lessened if a snow-capped range of
mountains (§ 67) had been elevated across the path of these winds, and between these basins
and the places where they were supplied with vapor.
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Now, if it be true (§ 21) that the trade-winds from the southern hemisphere take up the
Wwater which is to be rained in the extra-tropical north, the path (§ 11) ascribed to the south-
east trades of Africa and America, after they descend and become the prevailing southwest
winds of the northern hemisphere, should pass over a region of less precipitation generally
than they would do if, while performing the office of southeast trades, they had blown over
water instead of land. The southeast trade-winds, with their load of vapor, whether great or
small, take, after ascending into the equatorial calms, a northeasterly direction; they continue
to flow in the upper regions of the air in that direction until they cross the tropic.of Cancer.-
The places of least rain then, between this tropic and the pole, should be precisely those places
which depend for their rains upon the vapor which the winds that blow over southeast trade-
wind, Africa and America, convey. ‘

Now, if we could trace the path of these winds through the extra-tropical regions of the
northern hemisphere, we should be able to identify it by the foot-prints of the clouds; for the
path of the winds, which depend for their moisture upon such sources of supply as the dry land
of Central South America and Africa, cannot run through a country that is abundantly watered.

It is a remarkable coincidence, at least, that the countries in the extra-tropical regions of
the north, that are situated to the northeast of the southeast trade-winds of South Africa and
America—that the countries in our hemisphere, over which theory makes these winds to blow,
include all the great deserts of Asia, and the districts of least precipitation in Europe. A line
from the Gallipagos Islands, through Florence, in Italy, another from the mouth of the Amazon
through Aleppo, in Holy Land, (Plate VI,) would, after passing the tropic of Cancer, mark upon
the surface of the earth the route of these winds; this is that “lee country,” which, if such be
the system of atmospherical circulation, ought to be scantily supplied with rains. Now,
the hyetographic map of Europe, in Johnston’s beautiful Physical dtlas, places the region of
least precipitation between these two lines, (Plate VI.)

It would seem that Nature, as if to reclaim this “lee” land from the desert, had stationed
by the way-side of these winds a succession of inland seas, to serve them as relays for supplying
with moisture this thirsty air. There are the Mediterranean Sea, the Caspian Sea, and the Sea
of Aral, all of Whic‘h' are situated exactly in this direction, as though these sheets of water were
designed, in the grand system of aqueous arrangements, to supply with fresh vapor winds that
had already left rain enough behind them to make an Amazon and an Oronoco of.

70. Now that there has been such an elevation of land out of the water, we infer from the
fact that the Andes were once covered by the sea, for their tops are now crowned with the
remains of marine animals. When they and their continent were submerged—admitting that
Europe in general outline was then. as it now is—it cannot be supposed, if the circulation of
Vapor were then such as it is supposed now to be, that the climates of that part of the Old
World which is under the lee of those mountains were then as scantily supplied with moisture
as they now are. When the sea covered South America, the winds had nearly all the waterg
which now make the Amazon to bring away with them, and to distribute among the countries
situated along the route (Plate VI) ascribed to them. o

If ever the Caspian Sea exposed a larger surface for evaporation than it now does—and no
doubt it did—if the precipitation in that valley ever exceeded the evaporation from it, as it
does in all valleys drained into the open sea, then there must have been s change of hygro-
metrical condition there. And admitting the vapor-springs for that valley to be situated
in the direction ‘supposed, the rising up of a continent from the bottom of the sea, or the
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upheaval of a range of mountains in certain parts of America, Africa, or Spain, across the route
of the winds which brought the rain for the Caspian water-shed, might have been sufficient
to rob them of the moisture which they were wont to carry away, and precipitate upon this
great inland basin. See how the Andes have made Atacama a desert, and of Western Peru
a rainless country ; these regions have been made rainless simply by the rising up of a mountain
range between them and the vapor-springs in the ocean which feed Wlth noisture the winds
that blow over these now rainless regions.

That part of Asia, then, which is under the lee of southern trade-wind Africa, lies to the
north of the tropic of Cancer, and between two lines, the one passing through Cape Palmas and
Medina, the other through Aden and Delhi. Being extended to the equator, they will include
that part of it which is crossed by the continental southeast trade-winds of Africa, after they
have traversed the greatest extent of land surface, (Plate VI.)

The range which lies between the two lines that represent the course of the American

- winds with their vapors, and the two lines which represent the course of the African winds
with their vapors, is the range which is under the lee of winds that have, for the most part,
traversed water-surface, or the ocean, in their circuit as southeast trade-winds. But a bare
inspection of Plate VI will show that the southeast trade-winds which cross the equator
between longitude 15° and 50° west, and which are supposed to blow over into this hemisphere
between these two ranges, have traversed land as well as water ; and the Trade-wind Chart
shows that it is precisely those winds, which in the summer and fall are converted into south-
west monsoons for supplying the whole extent of Guinea with rains to make rivers of. Those
winds, therefore, it would seem, leave much of their moisture behind them, and pass along to
their channels, in the grand system of circulation, for the most part as dry winds. Moreover,
it is not to be supposed that the channels through which the winds blow that cross the equator
at the several places named, are as sharply defined in nature as the lines suggested, or as Plate
VI would represent them to be.

The whole region of the extra-tropical Old World that is included within the ranges
marked, is the region which has most land to windward of it in the southern hemisphere.
Now, it is a curious coincidence, at least, that all the great extra-tropical deserts of the earth,
with those regions in Europe and Asia which have the least amount of precipitation upon them
should lie within this range. That they are situated under the lee of the southern continents

~ and have but little rain, may be a coincidence, I admit ; but that these deserts of the Old World
are placed where they are is no coincidence, no accident: they are placed where they are, and
as they are, by design ; and in being so placed, it was intended that they should subserve some
grand purpose in the terrestrial economy. Let us see, therefore, if we can discover any marks
of that design, any of the purposes of such an arrangement, and trace any connexion between
that arrangement, and the supposition which I maintain as to the place where the winds that
blow over those regions derive their vapors.

It will be remarked at once that all the inland seas of Asia, and all those of Europe, except
the semi-fresh-water gulfs of the north are within this range. The Persian Gulf and the Red
Sea, the Mediterranean, the Black, and the Caspian, all fall within it. And why are they
planted within it? Why are they arranged to the northeast and southwest under this lea, and
in the very direction in which theory makes this breadth of thirsty winds to prevail? Clearly
and obviously, one of the purposes in the Divine economy was, that they might replenish with
vapor the winds which are almost vaporless when they arrive at these regions in the general
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system of circulation. And why should these winds be almost vaporless? They are almost
vaporless, because their route in the general system of circulation is such that they are not
brought into contact with the water-surface from which the needful supplies of vapor are to be
had; or being obtained, the supplies have since been taken away by the .cool tops of mountain
ranges over which these winds have had to pass. ,

In the Mediterranean the evaporation is greater than the precipitation. Upon the Red
Sea there never falls a drop of rain; it is all evaporation. Are we not, therefore, entitled to
regard the Red Sea as a make-weight thrown in to regulate the proportion of cloud and sunshine,
and to dispense rain to certain parts of the earth in due season and in proper quantities? Have
we not, in these two facts, evidence conclusive that the winds which blow over these two seas
come, for the most part, from a dry country, from regions which contain few or no pools to
furnish supplies of vapor. o

Indeed, so scantily supplied with vapor are the winds which pass in the general channels of
circulation over the water-shed and sea-basin of the Mediterranean, that they take up there
more water as vapor than they deposit. But, throwing out of the question what is taken up
from the surface of the Mediterranean itself, these winds deposit more water on the water-shed
whose drainage leads into that sea than they take up from it again. The excess is to be found
in the rivers which discharge into the Mediterranean ; but so thirsty are the winds which blow
across the bosom of that sea, that they not only take up again all that those rivers pour into it,
but they are supposed, by philosophers, to create a demand for an immense current from the
Atlantic to supply the waste. S

T1. It is estimated that three* times as much water as the Mediterranean receives from its
rivers is evaporated from its surface. This may be an over-estimate, but the fact that evapora-
tion from it is in excess of the precipitation, is made obvious by the current which the Atlantic
sends into it through the Straits of Gibraltar ; and the difference, we may rest assured, whether
it be much or little, is carried off to modify climate elsewhere—to refresh with showers and
make fruitful some other part of the earth.

The great inland basin of Asia, in which are the Aral and Caspian Seas, is situated on the
route which this hypothesis requires these thirsty winds from southeast trade-wind Africa and
America to take ; and so scant of vapor are these winds when they arrive in this basin, that they
have no moisture to leave behind; just as much as they pour down they take up again and
carry off.  'We know that the volume of water returned by the rivers, the rains, and the dews, into
the whole ocean, is exactly equal to the volume which the whole ocean gives back to the atmos-
Phere ; as far as our knowledge extends, the level of each of these two seas is as permanent as
that of the great ocean itself. Therefore, the volume of water discharged by rivers, the rains,
and the dews, into these two seas, is exactly equal to the volume which two seas give back as
Vapor to the atmosphere.

These winds, therefore, do not begin permanently
great or small, until they cross the Oural Mountains. On the steppes of Issam, after they have
supplied the Amazon and the other great equatorial rivers of the south, we find them firgt
beginning to lay down more moisture than they take up again. In the Obi, the Yenesi, and the
Lena, is to be found the volume which contains the expression for the load of water which these
winds have brought from the southern hemisphere, from the Mediterranean, and the Red Sea;
for in these almost hyperborean riverbasins do we find the first instance in which, throughout

'to lay down their load of moisture, be it

* Vids article *¢ Physical Geography,”” Encyclopsdia Britannica.
™
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the entire range assigned these winds, they have, after supplying the Amazon, &c., left more
water behind them than they have taken up again and carried off. The low temperatures of
Siberian Asia are quite sufficient to extract from these winds the remnants of vapor which the
cool mountain tops and mighty rivers of the southern hemisphere have left in them. ‘

Here I may be permitted to pause, that I may call attention to another remarkable coinci-
dence, and admire the marks of design, the beautiful and exquisite adjustments that we see here
provided, to insure the perfect workings of the great aqueous and atmospherical machine. This
‘coincidence—may I not call it cause and effect ?—is between the hygrometrical conditions of all
the countries within, and the hygrometrical conditions of all the countries without the range
included within the lines which I have drawn (Plate VI) to represent the route in the northern
hemisphere, of the southeast trade-winds after they have blown their course over the land in
South Africa and America. Both to the right and left of this range are countries included

_between the same parallels in which it is, yet these countries all receive more water from the

“atmosphere than they give back to it again ; they all have rivers running into the sea. On the
one hand, there are in Europe the Rhine, the Elbe, and all the great rivers that empty into the
Atlantic ; on the other hand, there are in Asia the Ganges, and all the great rivers of China ;
and in North America, in the latitude of the Caspian Sea, is our great system of fresh-water
lakes ; all of these receive from the atmosphere immense volumes of water, and pour it back
into the sea in streams the most magnificent.

Tt is remarkable that none of these copiously supplied water-sheds have, to the southwest
of them in the trade-wind regions of the southern hemisphere, any considerable body of land
they are, all of them, under the lee of evaporating surfaces, of ocean waters in the trade-wind
regions of the south. Only those countries in the extra-tropical north, which 1 have described

-as lying under the lee of trade-wind South America and Africa, are scantlily supplied with rains.

19. The surface of the Caspian Sea is about equal to that of our lakes; in it, evaporation
is just equal to the precipitation. Our lakes are between the same parallels, and about the
game distance from the western coast of America that the Caspian Sea is from the western
eoast of Europe ; and yet the waters discharged by the St. Lawrence give us an idea of how
greatly the precipitation upon it is in excess of the evaporation. To windward of the lakes,
and in the trade-wind regions of the southern hemisphere, is no land ; but to windward of the
Caspian Sea, and in the trade-wind region of the southern hemisphere, there island. Therefore,

. supposing the course of the vapor distributing winds to be such as I maintain it to be, ought
they not to carry more water from the ocean to the American lakes than it is possible for them
to carry from the land—from the interior of South Africa and America—to the valley of the
Caspian Sea? )

Tn like manner, extra-tropical New Holland and South Africa have each land—not water—
to the windward of them in the trade-wind regions of the northern hemisphere, where, according
to this hypothesis, the vapor for their rains ought to be taken up; they are both countries of
Ii‘ftle rain ; but extra-tropical South America has, in the trade-wind region to windward of it in
the northern hemisphere, a great extent of ocean, and the amount of precipitation in extra-
tropical South America is wonderful. The coincidence, therefore, is: remarkable, that the
countries in the extra-tropical regions of this hemisphere, which lie to the northeast of large
districts of ‘land in'the trade-wind regions of the other hemisphere, should be scantily supplied
with rains ; and, likewise, that those so situated in the extra-tropical south, with regard to land
in the trade-wind region of the north, should be scantily supplied with rains.

Having thus remarked upon the coincidence, let us turn to the evidences of design, and
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contemplate the beautiful harmony displayed in the arrangement of the land and water, as we
find them along this conjectural “wind-road.” (Plate VL) :

Those who admit design among terrestrial adaptations, or have studied the economy of
cosmical arrangements, will not be loth to grant that by design the atmosphere keeps in
circulation a certain amount of moisture; that the water of which this moisture is made is
supplied by the aqueous surface of the earth, and that it is to be returned to the seas again
through rivers and the process of precipitation; that a permanent increase or decrease of the
quantity of water thus put and kept in circulation by the winds would be followed by a
corresponding change of hygrometrical conditions, which would draw after it permanent changes
of climate, and that permanent change of climate would involve the ultimate Well-bemg of
myriads of organisms, both in the vegetable and animal kingdoms. -

78. The quantity of moisture that the atmosphere keeps in circulation is, no doubt, just
that quantity which is best suited to the well-being, and most adapted to the proper develop-
ment of the vegetable and animal kingdoms; and that quantity is dependent upon the
arrangement and the proportions that we see in nature between The land and the water—
between mountain and desert, river and sea. If the seas and evaporating surfaces were
changed, and removed from the places they occupy to other places, the principal places of
precipitation probably would also be changed; whole familes of plants would wither and die
for want of cloud and sunshine, dry and wet, in proper proportions and in due season ; and,
with the blight of plants, whole tribes of animals would also perish. Under such a chance
arrangement, man would no longer be able to rely upon the early and the latter rain, or to
count with certainty upon the rains being sent in due season for seed-time and harvest.  And
that the rain will be sent 'in due season we are assured from on high; and when we
recollect who it is that “sendeth” it, we feel the conviction strong within us that He
that sendeth the rain has the winds for his messengers; and that they may do his bidding
the land and the sea were arranged, both as to position and relative proportions, where they
are, and as they are.

It should be borne in mind that the southeast trade-winds, after they rise up at the equator
(Plate XV) have to overleap the northeast trade-winds. Consequently, they do not touch
the earth until near the tropic of Cancer, (see the bearded arrows, Plate VI,) more frequently
to the north than to the south of it; but for a part of every year, the place where these vaulting
southeast trades first strike the earth, after leaving the other hemispheére, is very near this
tropic. On the equatorial side of it, be it remembered, the northeast trade-winds blow; on
the. polar side, what were the southeast trades, and what are now the prevailing southWesterly
winds of our hemisphere, prevail. Now examine Plate VI, and it will be seen that the upper
half of the Red Sea is north of the tropic of Cancer; the lower half is to the'south of it; kthat
the latter is within the northeast trade-wind region ; the form‘er', -in ‘the" region where’ the
Southwest passage winds are the prevailing winds. ‘

T4. The river Tigris is probably evaporated from the upper half of this sea by these winds ;
while the northeast trade-winds take up from the lower half those vapors which feed the
the Nile with rain, and which the clouds deliver to the cold demands of the Mountains of the Moon.
Thus there are two “wind-roads” crossing this sea; to the windward of it, each road runs
through a rainless region; totheleeward; there is, in each case, a river to cross. et

The Persian 'Gulf lies, for the most part, in the track of the southwest winds; to-the
windward of the Persian Gulf is a desert; to the leeward, the river Indus. This is the route
by which theory would require the vapor from the Red Sea and Persian Gulf to be conveyed ;
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and this is the direction in which we find indications that it is conveyed. For to leeward do
we find, in each case, a river, telling us, by signs not to be mistaken, that it receives more
water from the clouds than it gives back to the winds. '

Is it not a curious circumstance, that the winds which travel the road suggested from
the southern hemisphere should, when they touched the earth on the polar side of the tropic of
Cancer, be so thirsty, more thirsty, much more, than those which travel on either side of their
path, and which are supposed to have come from southern seas, not from southern lands? -

The Mediterranean has to give those winds three times as much vapor as it receives from
them (§ 71 ;) the Red Sea gives them as much as they can take, and receives nothing back in return
but a little dew; the Persian Gulf also gives more than it receives. What becomes of the
rest? Doubtless it is given to the winds, that they may bear it off to distant regions, and make
lands fruitful, that, but for these sources of supply, would be almost ramless, if nét entirely
and waste, and barren. IR

- These seas-and-arms of the ocean now present themselves to the mind as counterpoises in
the;‘great« hygrometrical ‘machinery of our planet. As sheets of water placed where they are
to balance the land in the trade-wind region of South America and South Africa, they now
present themselves. When the foundations of the earth were laid, we know who it was that
“measured the waters in the hollow of his hand, and meted out the heavens with a span, and
comprehended the dust of the earth in a measure, and weighed the mountains in scales, and the
hills in a balance.” And hence we know also that they are arranged both according to propor-
tion and to place. :

Here, then, we see harmony in the winds, design in the mountains, order in the sea,
arrangement in the dust,and form for the desert. Here are signs of beauty and works of
grandeur ; and we may now fancy that, in this exquisite system of adaptations and compensa-
tions, we can almost behold, in the Red and Mediterranean Seas, the very waters that were
held in:the -hollow of the Almighty hand when he weighed the Andes of America, and balanced
the hills of Africa in his eomprehensive scales. '

In that great inland-basin of Asia which holds the Caspian Sea, and embraces an area of
one million and a half of geographical square miles, we see the water-surface so exquisitely
adjusted that it is just sufficient, and no more, to return to the atmosphere as vapor exactly as
much moisture as the atmosphere lends, in rain, to the rivers of that basin.

Thus we are entitled to regard the Mediterranean, the Red Sea, and Persian Gulf as relays,
distributed along the route of these thirsty winds from the continents of the other hemisphere,
to supply them with vapors, or to restore to them that which they have left behind to feed the
sources of the Amazon, the Niger, and the Congo.

The hypothesis that the winds from South Africa and America do take the course
through Europe and Asia which I have marked out for them (Plate VI,) is supported by so
many coincidences, to say the least, that we are entitled to regard it as probably correct, unt11
a train of ‘coincidences as striking can be adduced to show that such is not the case.

Returning once more to a consideration of the geological agency of the winds in accounting
for.the-depression-of the Dead Sea, we now see the fact most strikingly brought out before us
that if the Streits of Gibraltar were to be barred up so that no water could pass through them,
we should have @ great depression of water level in the Mediterranean. - Three times as much
water is evaporated from' thit ‘seaas is returned to it-through the rivers. A portion of water
evaporated from it is probably rained.down and returned to it through the rivers; but, sup-
posing it to be barred up, as the demand upen it for vapor would exceed the supply by rains
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and rivers, it would commence to dry up. As it sinks down, the area exposed for evaporation
would decrease, and the supplies to the rivers would diminish, until finally there would be
established between the evaporation and precipitation an equilibrium, as in the Dead and
Caspian Seas; but, for aught we know, the water-level of the Mediterranean might, before this
equilibrium were attained, have reached a stage far below that of the Dead Sea level.

The Lake Tadjura is now in the act of attaining such an equilibrium. There are con-
nected with it the remains of a channel by which the water ran into the sea; but the surface
of the lake is now five hundred feet below the sea-level, and it is salting up. If not in the
Dead Sea, do we not, in the valley of this lake, find outcropping some reason for the question,
‘What have the winds had to do with the phenomena before us? ’

The winds, in this sense, are geological agents of great power. Itis not impossible but
that they may afford us the means of comparing, directly, geological events which had taken
‘place in one hemisphere with geological events in another: e. g., the tops of the Andes were
once at the bottom of the sea.. Which is the oldest formation, that of the Dead Sea or the
Andes? If the former be the older, then the climate of the Dead Sea must have been
hygrometrically very different from what it now is.

In regarding the winds as geological agents, we can no longer consider them as the type
of instability. We would rather behold them now in the light of ancient and faithful chroni-
clers, which, upon being rightly consulted, will reveal to us truths which Nature has written

‘upon their wings in characters as legible and enduring as she has ever engraved the history of
geological events upon the tablet of the rock.

75. The waters of Lake Titicaca, which receives the drainage of the great inland basin of
the Andes, are only brackish, not salt. Hence we may infer that this lake has not been stand-

“ing long enough to become brine, like the waters of the Dead Sea; consequently, it belongs to
a more recent period. On the other hand, it will also be interesting to hear that my friend,
Captain Lynch, informs me that, in his exploration of the Dead Sea, he saw what he took to be

‘the dry bed of a river that once flowed from it. And thus we have two more links, stout and
strong, to add to the circumstantial evidence going to sustain the testimony of this strange and

fickle witness, which I have called up from the sea to testify in this presence concerning the

“works of Nature, and to tell us which be the older, the hoary-headed Andes, watching the stars,
or the Dead Sea, sleeping upon its ancient beds of crystal salt. '

CHAPTER VI.
THE EQUATORIAL CLOUD-RING.*

Equatorial Doldrums, § 76.—The Offices performed by Clouds in the terrestrial Economy, § 78.—The Barometer and Ther-
mometer under the Cloud-ring, § 79.—How its Vapors are brought by the Trade-Winds, § 81.—Breadth of the Cloud-ring,
§ 82.—How it would appear if seen from one of the Planets, § 83.—Observations at Sea interesting, § 84.

T6. SeararING people have, as if by common consent, divided the ocean off into regions,
and characterized them according to the winds: e. g., there are the trade-wind regions, the
variables, the horse latitudes, the ‘‘doldrums,’” &c. The ‘‘horse latitudes’’ are the belts of

# Vide Maury's Physical Geography of the Sea.
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calms and light airs (§ 8) which border the polar edge of the northeast trades. They were
so called from the circumstance that vessels formerly bound from New England to the
West Indies, with a deck load of horses, were often so delayed in this calm belt of Cancer, that,
for the want of water for their animals, they were compelled to throw a portion of them
overboard. ,

The equatorial doldrums is another of these calm places, (§9.) Besides being a region of
calms and baffling winds, it is a region noted for its rains and clouds, which make it one of the
most oppressive and disagreeable places at sea. The emigrant ships from Europe for Australia
have to cross it. They are often baffled in it for two or three weeks; then the children and
the passengers who are of delicate health suffer most. It is a frightful graveyard on the way-
side to that golden land.

7M. A vessel bound into the southern hemisphere from Europe or America, after clearing
the regions of variable winds and crossing the “*horse latitudes,’”’ enters the northeast trades.
Here the mariner finds the sky sometimes mottled with clouds, but for the most part clear.
Here, too, he finds his barometer rising and falling under the ebb and flow of a regular
atmospherical tide, which gives a high and low barometer every day, with such regularity,
that the time of day within a few minutes may be told by it. The rise and fall of this tide,
measured by the barometer, amounts to about one-tenth (0.1) of an inch, and it occurs daily,
and everywhere between the tropics; the maximum about 10h. 30m. A. M., the minimum
between 4h. and 5h. P. M., with a second maximum and minimum about 10 P. M. and 5 A, M.*
The diurnal variation of the needle changes also with the turning of these invisible tides.
Continuing his course toward the equinoctial line, he observes his thermometer to rise higher
and higher as he approaches it; at last, entering the region of equatorial calms and rains, he
feels the weather to become singularly close and oppressive; he discovers here that the
elasticity of feeling which he breathed from the trade-wind air has forsaken him; he has
entered the doldrums, and is under the *‘cloud-ring.”’

Escaping from this gloomy region, and entering the southeast trades beyond, his spirits
revive, and he turns to his log-book to see what changes are recorded there. He is surprised
to find that, notwithstanding the oppressive weather of the rainy latitudes, both his thermometer
and barometer stood, while in them, lower than in the clear weather on either side of them;
that just before entering and just after leaving the rainy parallels, the mercury of the thermo-
meter and barometer invariably stands higher than it does when within them, even though they
include the equator. In crossing the equatorial doldrums, he has passed a ring of clouds that
encircles the earth. ’ ‘

I find in the journal of the late Commodore Arthur Sinclair, kept on board the United
States frigate Congress, during a cruise to South America in 1817-'18, a pidture of the weather
under this cloud-ring that is singularly graphic and striking. He encountered it in the month
of January, 1818, between the parallel of 4°north and the equator, and between the meridians
of 19° and 23° west. He says of it:

““This 1is certainly one of the most unpleasant regions in our globe. A dense close
atmosphere, except for a few hours after a thunder-storm, during which time torrents of rain
fall, when the air becomes a little refreshed ; but a hot, glowing sun heats it again, and but for
your awning, and the little air put in circulation by the continual flapping of the ship’s sails,

# S paper on Meteorological Observations in India, by Colonel Sykes, Philosophical Transactions for 1850, Part II,
p. 297. . . .
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it would be almost insufferable. No person who hasnot crossed this region can form an adequte
idea of its unpleasant effects. You feel a degree of lassitude unconquerable, which not even
the sea-bathing, which everywhere else proved so salutary and renovating, can dispel. Except
when in actual danger of shipwreck, I never spent twelve .more disagreeable days, in the
professional part. of my:life, than in these calm latitudes. o L

G crossed the line 'on the:1Tth of J'anuary, at eight A. M., in longitude 21° 20, and soon
found I had surmounted all the difficulties consequent to that event; that the breeze continued
to'freshen and draw round to the south-southeast, bringing with it a clear gky and most heavenly
temperature, renovating and refreshing beyond description. I othing was now. to be geen but
cheerful countenances, exchanged, as by enchantment, from that sleepy sluggishness which had
borne us all down for the last two weeks.” . 3 -

78. One need not go to sea to perceive the grand work which the clouds perform in
collecting moisture from the crystal vaults of the sky, in sprinkling it upon the fields, and making
the hills glad with showers of rain. .Winter and summer, “the clouds drop fatness upon the
earth.” This part of ‘their office is obvious to all, and I do not propose to consider it now.
But; the sailor at sea observes phenomena and witnesses operations in the terrestrial economy
Which tell him that, in the beautiful and exquisite adjustments of the grand machinery of the
atmosphere, the clouds have other important offices to perform besides those merely of dispensing
showers, of producing the rains; and of ‘weaving mantles of snow for the protection of our fields in
winter. As important as are these offices, the philosophical ‘mariner; as he changes his sky, is
reminded that the clouds have commandments to fulfil, which, though less obvious, are not
therefore the less ‘benign in their influences, or theless worthy of his notice.. He beholds them
at work .moderating ‘the extremes of heat and cold, and in mitigating - climates. At one ‘time
they spread- themselves ‘out; they cover the earth as with. a. mantle; they prevent radiation
from its crust, and keep it warm. ‘At another time they interpose between it and the sun; they
screen it from his scorching rays, and protect the tender plants from his heat, the land from the
drought; or, like a garment, they overshadow the sea, defending its waters from the intense
forces of evaporation. Having performed these offices for one place, they are evaporated and
given up to the sunbeam and.the winds again, to be borne on their wings away to other places
Which stand in need of like offices. o ’ ‘ WP e
Pamiliar with clouds and sunshine, the storm and the calm, and all the phenomena which find

Xpression in.the physical geography of the sea, the ' right-minded mariner, as he contemplates
“the ‘cloud without rain,” ceases to regard it as an empty thing; he perceives that it performs
Mmany important offices; he regards it as a great moderator of heat and cold—as’a “compensa-
tion” in the atmospherical mechanism, which makes the porformance of the grand machine
Perfect, R e B I ISP I R T,

‘Marvellous are the offices and wonderful is the constitution of ‘the -atmosphers. Indeed, I
know of ng subject more fit for profitable thought on the part of the truth-loving, knowledge-
8eeking student, be he seamen or landsman, than that afforded by the atmosphere and its offices.
Of all parts of the physical machinery, of all the contrivances in the mechanism of the universe, the
Atmosphere, with its offices and its- adaptations, appears to me tobe’the most wonderful, sublime,
and beautiful, In its construction the perfection of knowledge is involved, The perfect man
of Uz, in a moment of inspiration, thus demands of ‘his comforters: “But where shall wisdom
be found; and where is the place ‘of understanding ? The depth saith, It is not in me ; and the
882 saith, It is not with me. It cannot be gotten for gold, neither shall silver be weighed for
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the price thereof. No mention shall be made of coral or of pearls, for the price of wisdom is

above rubies.
“Whence, then, cometh wisdom,

and Death say, We have heard the fame thereof with our ears.
“God understandeth the way thereof, and he knoweth the place thereof ; for he looketh

to the ends of the earth, and seeth under the whole heaven ; to make the weight for the winds ;
and he weigheth the waters by measure. When he made a decree for the rain, and a way
for the lightning of the thunder ; then did he see it, and declare it; he prepared it, yea, and

and where is the place of understanding? Destruction

gearched it out.”*
When the pump-maker ca.ne to ask Galileo to explain how it was that his pump would not

lift water higher than thirty-two feet, the philosopher thought, but was afraid to say, it was
“weight of the winds;” and though the fact that the air has weight is here so
philosophers never knew it until within comparatively a recent period,
at discovery. Nevertheless, the fact was set forth

owing to the
distinetly announced, the

and then it was proclaimed by them as a gre
as distinctly in the book of Nature as it ig in the book of Revelation ; for the infant, in availing

itself of atmospherical pressure to suck the milk from its mother’s breast, unconsciously pro-
claimed it. - ,

179. Both the thermometer and the barometer (§ 77) stand lower under this cloud-ring than
they do on either gide of it. After having crossed it, and referred to the log-book to refresh
his mind as to the observations there entered with regard to it, the attentive navigator may
perceive how this belt of clouds, by screening the parallels over which he may have found it
to hang, from the sun’s rays, not only promotes the precipitation which takes place within these
parallels at certain periods, but how, also, the rains are made to change the places upon which
they are to fall ; and how, by travelling with the calm belt of the equator up and down the

earth, this cloud-ring shifts the surface from which the heating rays of the sun are to be

excluded ; and how, by this operation, tone is given to the atmospherical circulation of the

world, and vigor to its vegetation. ‘
Having travelled with the calm belt to the north or south, the cloud-ring leaves the sky

about the equator clear ; the rays of the torrid sun pour down upon the crust of the earth there,
and raise its temperature to a scorching heat. The atmosphere dances, and the air is seen
trembling in ascending and descending columns, with busy eagerness to conduct the heat off and
‘deliver it to the regions aloft, where it is required to give momentum to the air in its general
channels of circulation. The dry season continues; the sun is vertical; and, finally, the earth
becomes parched and dry ; the heat accumulates faster than the air can carry it away; the plants
begin to wither, and the animals to perish. Then comes the mitigating cloud-ring. The burning
rays of the sun are intercepted by it. The place for the absorption and reflection, and the
deli%ery to the atmosphere of the solar heat, is changed ; it is transferred from the upper surface
of the earth to the upper surface of the clouds.

Radiation from the land and the sea below the cloud-belt is thus interrupted, and the excess
of hieat in the earth is delivered to the air, and by absorption carried up to the clouds, and there
transferred to their vapors to prevent excess of precipitation.

In the mean time, the trade-winds north and south are pouring into this cloud-covered
receiver, as the calm and rain-belt of the equator may be called, fresh supplies in the shape of
ceaseless volumes of heated airloaded to saturation with vapor, which has to rise above and

“® Job, chapter xxviii.
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get clear of the clouds before it can commence the process of cooling by radiation. In the
mean time, also, the vapors which the trade-winds bring from the north and the south, expanding
and growing cooler as they ascend, are being condensed on the lower side of the cloud stratum,
and their latent heat is set free, to check precipitation and prevent a flood.

While this process and these operations are going on upon the nether side of the cloud-
ring, one not less important is going on upon the upper side. There, from sunrise to sunset,
the rays of the sun are pouring down without intermission. Every day and all day long, they
Operate with ceaseless activity upon the upper surface of the cloud stratum. When they become
too powerful, and convey more heat to the cloud vapors than the cloud vapors can reflect and
give off to the air above them, then, with a beautiful elasticity of character, the clouds absorb
the surplus heat. They melt away, become invisible, and retain, in a latent and harmless state,
until it is wanted at some other place and on some other occasion, the heat thus imparted.

We thus have an insight into the operations which are going on in the equatorial belt of
Precipitation, and this insight is sufficient to enable us to perceive fhat exquisite indeed are the
arrangements which Nature has provided for supplying this calm belt with heat, and for pushing
the snow-line there high up above the clouds, in order that the atmosphere may have room to
©Xpand, to rise up, overflow, and course back into its channels of healthful circulation. As the
Vapor is condensed and formed into drops of rain, a twofold object is accomplished : coming
from the cooler regions of the clouds, the rain-drops are cooler than the air and earth below;
they descend, and by absorption take up the heat which has been accumulating in the earth’s
Crust during the dry season, and which cannot now escape by radiation. Thus this cloud-ring
modifies the climate of all places beneath it; overshadowing, at different seasons, all parallels

from 50 south to 15° north. :
In the process of condensation, these rain-drops, on the other hand, have set free a vast

quantity of latent heat, which has been gathered up witb the vapor from the sea by the trade-
winds and brought hither. The caloric thus liberated is taken by the air and carried up aloft
still further, to keep, at the proper distance from the earth, the line of perpetual congelation.
Were it possible to trace a thermal curve in the upper regions of the air to represent this line,
Wwe should no doubt find it mounting, sometimes at the equator, sometimes on this side, and
Sometimes on that of it, but always so mounting as to overleap this cloud-ring. This thermal
line would not ascend always over the same parallels: it would ascend over those between which
thig ring happens to be; and the distance of this ring from the equator is regulated according
to the seasons.

If we imagine the atmospherical equator to be always where the calm belt is which separates
the northeast from the southeast trade-winds, then the loop in the thermal curve, which should
Tepresent the line of perpetual congelation in the air, would be always found to stride this
®Quator ; and it may be supposed that a thermometer, kept sliding on the surface of the earth
80 as always to be in the middle of this rain-belt, would show very nearly the same temperature
all the year round ; and so, too, would a barometer the same pressure.

80. Returning, and taking up the train of contemplation as to the office which this belt of
clouds, as it encircles the earth, performs in the system of oceenic adaptations, we may see that
the ¢loud-ring and calm zone which it overshadows perform the office bpth of ventricle and auricle
in the immense atmospherical heart, where the heat and the forces which give vitality and power
to the system are brought into play—where dynamical strength is gathered, and an impulse given
to the air sufficient to send it coursing thence through its long and tortuous channels of circulation.

M
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Thus this ring, or band, or belt of clouds, is stretched around our planet to regulate the
quantity of precipitation in the rain-belt beneath it; to preserve the due quantum of heat on
the face of the earth; to adjust the winds; and send out for distribution to the four corners
vapors in proper quantities to make up to each river-basin, climate, and season, its quota of
sunshine, cloud, and moisture. Like the balance-wheel of a well-constructed chronometer, this
cloud-ring affords the grand atmospherical machine the most exquisitely arranged sel/-compensa-
tion. = If the sun fail in his supply of heat to this region, more of its vapors are condensed, and
heat is discharged from its latent store-houses in quantities just sufficient to keep the machine
in the most perfect compensation. If, on the other hand, too much heat be found to accompany
the rays of the sun, as they impinge upon the upper circumference of this belt, then, again, on

“that side, are the means of self-compensation ready at hand ; so much of the cloudsurface as
may be requisite is then resolved into invisible vapor—the vessels wherein the surplus heat
from the sun is stored away and held in the latent state until it is called for—when instantly it
is set free, and becomes an active and palpable agent in the grand design.

That the thermometer stands invariably lower (§ 79) beneath this cloud-belt than it does
on either side of it, has not, so far as my researches are concerned, been made to appear by
actual observation, for the observations in my possession have not yet been fully discussed con-
cerning the temperature of the air. But that the temperature of the air at the surface under this
cloud-ring is lower, is a theoretical deduction as susceptible of demonstration as is the rotation
of the earth on its axis. Indeed, Nature herself has hung a thermometer under this cloud-belt
that is more perfect than any that man can construct, and its indications are not to be mistaken.

81. Where do the vapors which form this cloud-ring, and which are here condensed and
poured down into the sea as rain, come from? They come from the trade-wind regions, (§ 15);
under the cloud ring they rise up; as they rise up they expand; and as they expand, they
grow cool, form clouds, then are condensed into rains; moreover, it requires no mercurial
instrument of human device to satisfy us that the air which brings the vapor for these clouds
cannot take it up and let it down at the same temperature. Precipitation and evaporation are
the converse of each other; and the same air cannot precipitate and evaporate, take up and let
down water, at one and the same temperature. As the temperature of the air is raised, its
capacity for receiving and retaining water in the state of vapor is increased; as the
temperature of the airislessened, its capacity for retaining that moisture is diminished. These

~ are physical laws, and therefore, when we see water dripping from the atmosphere, we need
no instrument to tell us that the elasticity of the vapor so condensed, and falling in drops, is
less than was its elasticity when it was taken up from the surface of the ocean as water and
went up into the clouds as vapor.

Hence we infer that, when the vapors of sea water are condensed, the heat which was
necessary to sustain them in the vapor state, and which was borrowed from the ocean, is
parted with, and that therefore they were subjected, in the act of condensation, to a lower
temperature than they were in the act of evaporation. Ceaseless precipitation goes on under
this cloudring. Evaporation under it is suspended almost entirely, We know that the trade-
winds encircle the earth s that they blow perpetually ; that they come from the north and the
south, and meet each other near the equator; therefore we infor that this line of meeting
extends around the world. By the rainy seasons of the torrid zone we can trace the declina-

tion of this cloud-ring stretched like a girdle round about the earth ; it travels up and down
the ocean as from north to south and back.
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82. It is broader than the belt of calms out of which it rises. As the air with its vapors
rises up in this calm belt and ascends, these vapors are condensed into clouds, (§ 81,) and this
condensation is followed by a turgid intumescence, which causes the clouds to overflow the
calm belt, as it were, both to the north and the south. The air flowing off in the same direction
assumes the character of winds that form the upper currents that are counter (Plate II) to
the trade-winds. These currents carry the clouds still further to the north and south, and
thus make the cloud-ring broader. At least we infer such to be the case, for the rains are
found to extend out into the trade-winds, and often to a considerable distance both to the
north and the south of the calm belt.

83. Were this cloud-ring luminous, and could it be seen by an observer from one of the
planets, it would present to him an appearance not unlike the rings of Saturn do to us. Such
an observer would remark that this cloud ring of the earth has a motion contrary to that of
the axis of our planet itself; that while the earth was revolving rapidly from west to east, he
would observe the cloud-ring to go slowly, but only relatively, from east to west. As the
winds which bring the cloud-vapor to this region of calms rise up with it, the earth is slipping
from under them ; and thus the cloud-ring, though really moving from west to east with the
earth, goes relatively slower than the earth, and would therefore appear to require a longer
time to complete a revolution.

But, unlike the rings of Saturn through the telescope, the outer surface, or the upper sidé
to us, of this cloud-ring would appear exceedingly jagged, rough, and uneven.

The rays of the sun, playing upon this peak and then upon that of the upper cloud-surface
melt away one set of elevations and create another set of depressions. The whole stratum is,
it may be imagined, in the most turgid state ; it is in continued throes when viewed from
above ; the heat which is liberated from below in the process of condensation, the currents of
warm air ascending from the earth, and of cool descending from the sky, all, we may well
conceive, tend to keep the upper cloud-surface in a perpetual state of agitation, upheaval, and
depression. '

Imagine, in such a cloud stratum, an electrical discharge to take place ; the report, being
caught up by the cloud-ridges above, is passed from peak to peak, and repeated from valley to
valley, until the last echo dies away in the mutterings of the distant thunder. How often do
we hear the voice of the loud thunder rumbling and rolling away above the cloud surface like
the echo of artillery discharged among the hills!

Hence we perceive or infer that the clouds intercept the progress of sound, as well as of
light and heat, through the atmosphere, and that this upper surface is often like Alpine
regions, which echo back and roll along with rumbling noise the mutterings of the distant
thunder,

84. It is by trains of reasoning like this that we are continually reminded of the interest
Which attaches to the observations which the mariner is called on to make. There isno
®Xpression uttered by Nature which is unworthy of our most attentive consideration, for no
Physical fact is too bald for observation ; and mariners, by registering in their logs the kind of
lightning, whether sheet, forked, or streaked, and the kind of thunder, whether rolling,
Muttering, or sharp, may be furnishing facts which will throw much light on the features and
character of the clouds in different latitudes and seasons. - Physical facts are the language of
N&ture, and every expression uttered by her is worthy of our most attentive consideration.
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CHAPTER VII.

THE SALTS OF THE SEA *

What the Salt in Sea Water has to do with Currents, § 85.—Coral Islands, § 87.—What would be the Effect of no System
of Circulation for Sea Water? § 88.—Its Components, § 89—The principal Agents from which Dynamical Force in the
Sea is derived, § 90.—Bea and Fresh Water have different Laws of Expansion, § 95.—The Gulf Stream could not
exist in a Sea of Fresh Water, § 96.—The Effect of Evaporation in producing Currents, § 97.—How the Polar Sea is
supplied with Salt, § 101.—The Influence of under Currents upon open Water in the Frozen Ocean, § 102.-—The Influence
exerted by Shell-fish upon Currents, § 103.—They assist in regulating Climates, § 104.—How Sea Shells and Salts act a8
Cempensations in the Machinery by which Oceanic Circulation is conducted, § 105.—Whence come the Salts of the

Sea? § 106.

85. In order to comprehend aright the currents of the sea, and to study with advantage
its physical adaptations, it is necessary to understand the effects produced by the salts of the
sea upon the equilibrium of its waters; for wherever equilibrium be destroyed, whether in the
air or water, it is restored by motion, and motion among fluid particles give rise to currents,
which, in turn, constitute circulation.

The question is often asked, “Why is the sea galt?” 1 think it can be shown that the
circulation of the ocean depends, in a great measure, upon the salts of sea water ; certainly its
influences upon climate are greatly extended by reason of its saltness.

As a general rule, the sea is nearly of a uniform degree of saltness, and the constituents of
sea water are as constant in their proportions as are the components of the atmosphere. It is
true that we sometimes come across arms of the sea, or places in the ocean, where we find the
water more salt or less salt than sea water is generally ; but this circumstance is due to local
causes of easy explanation. For instance, when we come to an arm of the sea, as the Red Sea,
upon which it never rains, and from which the atmosphere is continually abstracting, by evapora-
tion, fresh water from the salt, we may naturally expect to find a greater proportion of salt in
the sea water that remains than we do near the mouth of some great river, as the Amazon, or
in the regions of constant precipitation, or other parts where it rains more than it evaporates.
Therefore we do not find sea water from all parts of the ocean actually of the same degree of
saltness, yet we do find, as in the case of the Red Sea, sea water that is continually giving off
to evaporation fresh water in large quantities : nevertheless, for such water there is a degree,
and a very moderate degree, of saltness which is a maximum; and we moreover find that,
though the constituents of sea water, like those of the atmosphere, are not for every place
invariably the same as to their proportions, yet they are the same, or nearly the same, as to
their character.

‘When, therefore, we take into comsideration the fact that, as a general rule, sea water is,
with the exceptions above stated, everywhere and always the same, and that it can only be
made so by being well shaken together, we find grounds on which to base the conjecture that
the ocean has its system of circulation, which is probably as complete and not less wonderful
than is the circulation of blood through the human system. '

In order to investigate the currents of the sea, and to catch a glimpse of the laws by
which the circulation of its waters is governed, hypothesis, in the present meagre state of
absolute knowledge with regard to the subject, seems to be as necessary to progress as is a

¢ Vide Maury’s FPhysical Geography of the Sea. Harper and Brothers, New York.
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corner-stone to a building. To make progress with such investigations, we want something
to build upon. 1In the absence of facts, we are sometimes permitted to suppose them; only, in
supposing them, we should take not only the possible, but the probable ; and in making the selec-
tion of the various hypotheses which are suggested, we are bound to prefer that one by which
the greatest number of phenomena can be reconciled. When we have found, tried, and offered
such an one, we are entitled to claim for it a respectful consideration, at least until we discover
it leading us into some palpable absurdity, or until some other hypothesis be suggested which
will account equally as well, but for a greater number of phenomena. Then, as honest searchers
after truth, we should be ready to give up the former, to adopt the latter, and to try it until
some other, better than either of the two, be offered.

86. With this understandmg, I venture to offer an hypothesis with regard to the agency
of the salts or solid matter of the sea in imparting dynamical force to the waters of the ocean,
and to suggest that one of the purposes which, in the grand design, it was probably intended
to accomplish by having the sea salt, and not fresh, was to impart to its waters the forces and
powers necessary to make their circulation complete.

In the first place, we do but conjecture when we say that there is a set of currents in the
sea by which its waters are conveyed from place to place with regularity, certainty, and order.
But this conjecture appears to be founded on reason; for if we take a sample of water which
shall fairly represent, in the proportion of its constituents, the average water of the Pacific
Ocean, and analyze it, and if we do the same by a similar sample from the Atlantic, we shall
find the analysis of the one to resemble that of the other as closely as though the two samples
had been taken from the same bottle after having been well shaken. How, then, shall we
account for this, unless upon the supposition that sea water from one part of the world is; in
the process of time, brought into contact and mixed up with sea water from all other parts of
the world? Agents, therefore, it would seem, are at work, which shake up the waters of the
sea as though they were in a bottle, and which, in the course of time, mingle those that are in
one part of the ocean with those that are in another as thoroughly and completely as it is
possible for man to do in a vessel of his own construction.

This fact, as to uniformity of components, appears to call for the hypothesis that sea water
which to-day is in one part of the ocean, will, in the process of time, be found in another part
the most remote. It must, therefore, be carried about by currents; and as these currents have
their offices to perform in the terrestrial economy, they probably do not flow by chance, but
in obedience to physical laws; they no doubt, therefore, maintain the order and preserve the
harmony which characterize every department of God’s handiwork, upon the threshold of
which man has as yet been permitted to stand, to observe, and to comprehend.

- 87. Nay, having reached this threshold, and taken a survey of the gurrounding ocean, we
are ready to assert, with all the confidence of knowledge, that the sea has a system of circula-
tion for its waters. We rest this assertion upon our faith in the physical adaptations with
Which the sea is invested. Take, for example, the coral islands, reefs, beds, and atolls with
Which the Pacific Ocean is studded and garnished. They were built up of materials which a
certain kind of insect quarried from the ses water. The currents of the sea ministered to this
little insect—they were ite hod carriers; when fresh supplies of solid matter were wanted for
the coral rock upon which the foundations of the Polynesian Islands were laid, they brought
them ; the obedient currents stood ready with fresh supplies in unfailing streams of sea water
from which the solid ingredients had not been secretéd. Now, unless the currents of the sea
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had been employed to carry off from this insect the waters that had been emptied by it of
their lime, and to bring to it others charged with more, it is evident the little creature would
have perished for want of food long before its task was half completed. But for currents, it
would have been impaled in a nook of the very drop of water in which it was spawned; for it
would have soon secreted the lime contained in this drop of water, and then, without the
ministering aid of currents to bring it more, it would have perished for the want of food for
itself and materials for its edifice; and thus, but for the benign currents which took this
exhausted water away, there we perceive this emptied drop would have remained, not only as
the grave of the little architect, but as a monument in attestation of the shocking monstrosity
that there had been a failure in the sublime system of terrestrial adaptations—that the sea had
not been adapted by its Creator to the well-being of all its inhabitants. Now we do not know
that its adaptations are suited to all the wants of every one of its inhabitants—to the wants of
the coral insect as well as to those of the whale. Hence we say we know that the sea has its
system of circulation, for it transports materials for the coral rock from one part of the world
to another ; its currents receive them from the rivers, and hand them over to the little mason
for the structure of the most stupendous works of solid masonry that man has ever seen—the
coral islands of the sea.

And thus, by a process of reasoning which is perfectly philosophical, we are irresistibly led
to conjecture that there are regular and certain, if not appointed channels, through which the
water travels from one part of the ocean to another, and that those chanmnels belong to an
arrangement which may make, and, for aught we know to the contrary, which does make the
system of oceanic circulation as complete, as perfect, and as harmonious as is that of the
atmosphere or the blood. Every drop of water in the sea is as obedient to law and order as
are the members of the heavenly host in the remotest regions of space. For when the
morning stars. sang together, “the waves also lifted up their voice” in the almighty anthem;
and doubtless, therefore, the harmony in the depths of the ocean is in tune with that which
comes from the spheres above. We cannot doubt it; for, were it not so—were there no
channels of circulation from one ocean to another, and if, accordingly, the waters of the Atlantic
were confined to the Atlantic, or if the waters of the arms and seas of the Atlantic were
confined to those arms and seas, and had no channels of circulation by which they could pass
out into the ocean, and traverse different latitudes and climates—if this were so, then the
machinery of the ocean would be as incomplete as that of a watch without a balance-wheel;
for the waters of these arms and seas would, as to their constituents, become, in the process of
time, very different from the sea waters in other parts of the world, and their inhabitants
would perish for the want of brine of the right strength, or of water of the right temperature.

88. For instance, take the Red Sea and the Mediterranean by way of illustration. Upon the
Red Sea there is no precipitation; it is a rainless region; not a river runs down to it, not a
brook empties into it; therefore there is no process by which the salts and washings of the
earth, which are taken up and held in solution by rain or river water, can be brought down
into the Red Sea. Its salts come from the ocean; and the air takes up from it, in the process
of evaporation, fresh water, leaving behind all the solid matter which this sea holds in solution. -

On the other hand, numerous rivers discharge into the Mediterranean, some of which are
filtered through soils and among minerals which yield one kind of sults or soluble matter,
another river runs through a limestone or volcanic region of country, and brings down in
solution solid matter—it may be common salt, sulphate or carbonate of lime, magnesia, soda,
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* potash, or iron—either or all may be in its waters. Still, the constituents of sea water from
the Mediterranean and of sea water from the Red Sea are quite the same. But the waters of
the Dead Sea have no connexion with those of the ocean; they are cut off from its channels
of circulation, and are, therefore, quite different, as to their components, from any arm, frith, or
gulf of the broad ocean. Its inhabitants are also different from those of the high seas.

89. “The solid constituents of sea water amount to about 3} per cent. of its weight, or
nearly half an ounce to the pound. Its saltness may be considered as a necessary result of the
present order of things. Rivers which are constantly flowing into the ocean contain salts,
varying from ten to fifty, and even one hundred grains per gallon. They are chiefly common
salt, sulphate and carbonate of lime, magnesia, soda, potash, and iron; and these are found to
constitute the distinguishing characteristics of sea water. The water which evaporates from
the sea is nearly pure, containing but very minute traces of salts. Falling as rain upon the
land, it washes the soil, percolates through the rocky layers, and becomes charged with saline
substances, which are borne seaward by the returning currents. The ocean, therefore, is the
great depository of everything that water can dissolve and carry down from the surface of
the continents; and, as there is no channel for their escape, they, of course, consequently
accumulate.”— Yeoman's Chemistry.

“The case of the sea,” says Fownes, “is but a magnified representation of what occurs in
every lake into which rivers flow, but from which there is no outlet except by evaporation.
Such a lake is invariably a salt lake. It is impossible that it can be otherwise; and it is
curious to observe that this condition dlsappears when an artificial outlet is produced for the
waters.”

How, therefore, shall we account for this sameness of compound, this structure of coral,
(8§ 87,) this stability as to animal life in the sea, but upon the supposition of a general system
of circulation in the ocean, by which, in process of time, water from one part is conveyed to
another part the most remote, and by which a general interchange and commingling of the
waters take place? In like manner, the constituents of the atmosphere, whether it be analyzed
at the equator or the poles, are the same. By cutting off and shutting up from the general
channels of circulation' any portion of sea water, as in the Dead Sea or of atmospheric air, as
In mines or wells, we can easily fill either with gases or other matter that shall very much
affect its character, or alter the proportion of its ingredients, and affect the health of its
inhabitants. ‘

90. The principal agents that are supposed to be concerned in giving circulation to the
atmosphere, and in preserving the ratio among its components, are light, heat, electricity, and
agnetism. But with regard to the sea, it is not known what office is performed by electricity
and magnetism, in giving dynamical force to its waters in their system of circulation. The
chief motive power from which marine currents derive their velocity has been ascribed to heat;
but a cloge study of the agents concerned has suggested that an important—nay, a powerful
and active agency in the system of oceanic circulation is derived from the salts of the sea water,
through the instrumentality of the winds, of marine plants, and animals. These give the ocean
great dynamical force.

91. Let us, for the sake of illustrating and explamlﬂg this force, suppose the sea in all its
parts—in itg depths and at the surface, at the equator and about the poles—to be of one
uniform temperature, and to be all of fresh water ; and, moreover, that there be neither wind
to disturb its surface, nor tides nor rains to raise the level in this part, or to depress it
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in that. In this case, there would be mnothing of heat to disturb its equ1hbr1um, and there

would be no motive power (§85) to beget currents, or to set the water in motion by reason
of the difference of level or of specific gravity due to water at different densities and
temperatures.

Now let us suppose the winds, for the first time since the creation, to commence to blow
upon this quiescent sea, and to rufe its surface; they, by their force, would create partial
surface currents, and thus agitating the waters to a certain depth, would give rise to a feeble and
partial aqueous circulation in the supposed sea of fresh water.

992. This, then, is one of the sources whence power is given to theé system of oceanic
circulation; but, though a feeble one, it is one which exists in reality, and, therefore, need not
be regarded as hypothetical.

Let us next call in evaporation and precipitation, with heat and cold—more powerful agents.
Suppose the evaporation to commence from this imaginary fresh-water ocean, and to go on as it
does from the seas as they are. In those regions, as in the trade-wind regions, where evapora-
tion is in excess of precipitation, (§ 23,) the general level of this supposed sea would be altered,
and immediately as much water as is carried off by evaporation would commence to flow in from
porth and south towards the trade-wind or evaporation region, to restore the level.

93. On the other hand, the winds have taken this vapor, borne it off to the extra-tropical
regions, and precipitated it, (§ 28,) we will suppose, where precipitation is in excess of evapora-
tion. Here is another alteration of sea level by elevation instead of by depression; and hence
we have the motive power for a surface current from each pole toward the equator, the object
of which is only to supply the demand for evaporation in the trade-wind regions—demand for
evaporation being taken here to mean the difference between evaporation and precipitation
for any part of the sea.

94. Now imagine this sea of uniform temperature (§91) to be suddenly stricken with the
invisible wand of heat and cold, and its waters brought to the various temperatures at which
they at this instant are standing. This change of temperature would make a change of specific
gravity in the waters, which would destroy the equilibrium of the whole ocean, upon which a
get of currents would immediately commence to flow, viz: a current of cold and heavy water
to the warm, and a current of warm and lighter to the cold.

The motive power of these would be difference of speciﬁc gravity due difference of tem-
perature in fresh water.

95. We have now traced (§§ 92 and 94) the effect of two agents, which, in a sea of fresh
water, would tend to create currents, and to beget a system of aqueous circulation; but a set
of currents and a system of circulation which, it is readily perceived, would be quite different
from those which we find in the salt sea. One of these agents would be employed (§ 93) in
restoring, by means of one or more polar currents, the water that is taken from one part of the
ocean by evaporation, and deposited in another by precipitation. The other agent would be
employed in restoring, by the forces due difference of specific graVLty, (8 94,) the equilibrium,
which has been disturbed by heating, and, of course, expanding, the waters of the torrid zone
on one hand, and by cooling, and consequently contracting, those of the frigid zone on the
other. This agency would, if it were not modified by others, find expression in a system of
currents and counter currents, or rather in a set of surface currents of warm and light water
from the equator toward the poles, and in another set of under currents of cooler, dense, and
heavy water from the poles toward the equator.
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Such, keeping out of view the influence of the winds, which we may suppose would be the
same, whether the sea were salt or fresh, would be the system of oceanic circulation were the
“sea all of fresh water. But fresh water, in cooling, begins to expand near the temperature of
40°, and expands more and more till it reaches the freezing point, and ceases to be fluid. This
law of expansion by cooling would impart a peculiar feature to the system of oceanic circulation
‘Were the waters all fresh, which it is not necessary to notice further than to say it cannot exist in
seas of salt water, for salt water contracts by cooling, until its temperature is brought as low
a8 the melting point of fresh water ice.” Hence, in consequence of its salts, changes of
temperature derive increased power to disturb the equilibrium of the ocean.

" 96. If this train of reasoning be good, we may infer that,in a system of oceanic circulation,
the dynamical force to be derived from difference of temperature, where the waters are all
fresh, would be quite feeble; and that, were the sea not salt, we should probably have no such
current in it as the Gulf Stream.

So far we have been reasoning hypothetically, to show what would be the chief agents,
exclusive of the winds, in disturbing the equilibrium of the ocean were its waters fresh and not
salt. And whatever disturbs equilibrium there, may be regarded as the primum mobile in any
system of marine currents.

Let us now proceed another step in the process of explaining and illustrating the effect
of the salts of the sea in the system of oceanic circulation. To this end, let us suppose this
imaginary ocean of fresh water suddenly to become that which we have, viz: an ocean of salt
water, which contracts as its temperature is.lowered (§ 95) till it reaches 28° or thereabout.

97, Let evaporation now commence in the trade-wind region, as it was supposed to do (§ 92)
in the case of the fresh-water seas, and as it actually goes on in nature—and what takes place ?
Why, a lowering of the sea level, as before. But as the vapor of salt water is fresh, or nearly
80, fresh water only is taken up from the ocean; that which remains behind is therefore more
salt. Thus, while the level is lowered in the salt sea, the equilibrium is destroyed because of
the saltness of the water ; for the water that remains after the evaporation takes place is, on
account of the solid matter held in solution, specifically heavier than it was béfore any portion
of it was converted into vapor.
~ The vapor is taken from the surface water ; the surface water thereby becomes more salt
and, under certain conditions, heavier ; when it becomes heavier, it sinks ; and hence we have,
due to the salts of the sea, a vertical circulation, viz : a descent of heavier—because salter and
cooler—water from the surface, and an ascent of water that is lighter—because it is not so
Balt—from the depths below. ' ‘

98. This vapor, then, which is taken up from the evaporating regions’(§28), is carried by
the winds through their channels of circulation, and poured back into the ocean where the
regions of precipitation are; and by the regions of precipitation I mean those parts of the
Ocean, as in the polar basins, where the ocean receives more fresh water in the shape of rain,
8now, &c., than it returns to the atmosphere in the shape of vapor. *

In the precipitating regions, therefore, the level is dest}‘oyed» as before explained, by
élevation; and in the evaporating regions, by depression ; which, as already stated (§ 93), gives
rise to a system of surface currents, moved by gravity alone, from the poles toward the equator.

But we are now considering the effects of evaporation and precipitation in giving impulse:
fp the circulation of the ocean where its waters are salt. :

9 M ‘ ‘
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The fresh water that has been taken from the evaporating regions is deposited upon those
of precipitation, which, for illustration merely, we will locate in the north polar basin. Among
the sources of supply of fresh water for this basin, we must include not only the precipitation
which takes place over the basin itself, but also the amount of fresh water discharged into it by
the rivers of the great hydrographical basins of Arctic Europe, Asia, and America.

This fresh water, being emptied into the Polar Sea, and agitated by the winds, becomes
mixed with the salt ; but, as the agitation of the sea by the winds extends to no great depth
(§ 91), it is only the upper layer of salt water, and that to a moderate depth, which becomes
mixed with the fresh. The specific gravity of this upper layer, therefore, is diminished just as
much as the specific gravity of the sea water in the evaporating regions was increased. And
thus we have a surface current of saltish water from the poles toward the equator, and an under
current of water, salter and heavier, from the equator to the poles. - This under current supplies,
in a great measure, the salt which the upper current, freighted with fresh water from the clouds

and rivers, carries back.
Thus it is to the salts of the sea that we owe that feature in the system of oceanic circu-

Jation which causes an under current to flow from the Mediterranean into the Atlantic, and
another from the Red Sea into the Indian Ocean. And it is evident, since neither of these
geas is salting up, that just as much, or nearly just as much salt as the under current brings
out, just so much the upper currents carry in. :

We now begin to perceive what a powerful impulse is derived from the salts of the sea in
giving effective and active circulation to its waters.

99. Hence we infer that the currents of the sea, by reason of its saltness, attain their
maximum of volume and velocity. Hence, too, we infer that the transportation of warm water
from, the equator toward the frozen regions of the poles, and of cold water from the frigid
toward the torrid zone, is facilitated ; and consequently here, in the saltness of the sea, have
we not an agent by which climates are mitigated—by which they are softened and rendered
much more salubrious than than it would be possible for them to be were the waters of the
ocean deprived of this property of saltness ?

This property of saltness imparts to the waters of the ocean another peculiarity, by
which the sea is still better adapted for the regulation of climates, and it is this: by evap-
orating fresh water from the salt in the tropics, the surface water becomes heavier than the
average of sea water, (§24.) This heavy water is also warm water ; it sinks, and being a good
retainer, but a bad conductor of heat, this warm water is employed in transporting through
under currents heat for the mitigation of climates in far-distant regions. Now this, also, is a
property which a sea of fresh water could not have. Let the winds take up their vapor from
a sheot of fresh water, and that at the bottom is not disturbed, for there is no change in the
specific gravity of that at the surface by which that at the bottom may be brought to the top ;
but let evaporation go on, though mnever so gently, from salt water, and the specific gravity of
that at the top will soon be s0 changed as to bring that from the very lowest depths of the
sea speedily to the top.

If these inferences as to the influence of the salts upon the currents of the sea be
correct, the same cause which produces an under current from the Mediterranean, and an
under current from the Red Sea into the ocean, should produce an under current from the
ocean into the north polar basin. In each case, the hypothesis with regard to the part per-
formed by the salt in giving vigor to the system of oceanic circulation, requires that, counter
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to the surface current of water with less salt, there should be an under current of water with
more salt in it, ' ,

That such is the case with regard both to the Medlterranean and the Red Sea, is amply
shown in other parts of this work, and abundantly proved by other observers.

100. That there is a constant current setting out of the Arctic Ocean through Davis’s and
other straits thereabout, which connect it with the Atlantic Ocean, is generally admitted.
Lieutenant De Haven, United States Navy, when in command of the American expedition in
search of Sir John Franklin, was frozen up with his vessels in the main channel of Wellington
Straits ; and during the nine months that he was so frozen, his vessels, holding their place in
the ice, were drifted with it bodily for than a thousand miles toward the south.

The ice in which they were bound was of sea water, and the currents by which they
were drifted were of sea Water—only, it may be supposed, the latter were not quite so salt as
the sea water generally is. The same phenomenon is repeated in the Sound, where (§113) an
under current of salt water runs in, and an upper current of brackish water (§§ 135 and 142)
runs out.

Then, since there is salt always flowing out of the north polar basin, we infer that there
must be salt always flowing into it, else it would either become fresh, or the whole Atlantic
Ocean would be finally silted up with salt.

It might be supposed, were there no evidence to the contrary, that this salt was supplied
to the polar seas from the Atlantic around North Cape, and from the Pacific through Behring’s
Straits, and through no other channels. ‘

101. But, fortunately, Artic voyagers, who have cruised in the direction of DaVlS s Straits,
have afforded us, by their -observations, proof positive as to the fact of this other source for
supplying the polar seas with salt. They tell us of an under current setting from the Atlantic
toward the polar basin. They describe huge icebergs, with tops high up in the air, and of
course the bases of which extend far down into the depths of the ocean, ripping and tearing
their way, with terrific force and awful violence, through the surface ice or against a surface
current, on their way into the polar basin.

Passed Midshipman 8. P. Griffin, who commanded the brig Rescue in the Amencan search-
ing expedition after Sir John Franklin, informs me that, on one occasion, the two vessels were
endeavoring to warp up to the northward, in or near Wellington Channel, against a strong sur-
face current, which of course was setting to the south; and that while so engaged, an iceberg,
With its top many feet above the water, came “drifting up” from the south, and passed by them
“like a shot.” Although they were stemming a surface current against both the: berg and
themselves, such was the force and velocity of the under current, that it carried-the berg to the
northward faster than the crew could warp the vessel against a surface but counter-current.

Captain Duncan, master of the English whale- sh1p Dundee, says, at. page 76 of his interest-
ing little narrative :—*

“ December 18, (1826.) It was awful to behold the immense webergs working their way to
the northeast from us, and not one drop of water to be seen; they were working themselves
right through the middle of the ice.”
~ And again, at page 92, &c.:—

“ February 23. Latitude 68° 37’ north, longitude about 63° west.

“The dreadful apprehensions that assailed us yesterday, by the near approach of the.ice-

© Artic Reglons; Voyage to Davis's Straits, by Dorea Duncan, Master of ship Dundee, 1826, 1827..
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berg, were this day most awfully verified. About three P. M., the iceberg came in contact with:
our floe, and in less than one minute it broke the ice ; we were frozen in quite close to the shore ;,
the floe was shivered to pieces for several miles, causing an explosion like an earthquake, or one
hundred pieces of heavy ordnance fired at the same moment. The iceberg, with awful but.
majestic grandeur (in height and dimensions resembling a vast mountain,) came almost up to
our stern, and every one expected it would have run over the ship. . . . .. '

“The iceberg, as. before observed, came up very near to the stern of our ship; the inter-
mediate space between the berg and the vessel was filled with heavy masses of ice, which,
though they had been previously broken by the immense weight of the berg, were again formed
into a compact body by its pressure. The berg was drifting at the rate of about four knots, and
by its force on the mass of ice, was pushing the ship before it, as it appeared, to inevitable
destruction.” ' S

« Feb. 24. The iceberg still in sight, but driving away fast to the northeast.”

« Feb. 25. The iceberg, that so lately threatened our destruction, had driven completely out
of sight to the northeast from us.”

- Now, then, whence, unless from the difference of specific gravity due sea water of different
degrees of saltness, can we derive a motive power with force sufficient to give such tremendous
masses of ice such a velocity ? : ,

102. What is the temperature of this under current? Be that what it may, it is probably
above the freezing point of sea water. Suppose it to be at 32°. (Break through the ice in the
northern seas, and the temperature of the surface water is always 28°. At least Lieutenant De
Haven so found it in his long imprisonment, and it may be supposed that, as it was with him, sov
it generally is.) Assuming, then, the water of the surface current which runs out with the ice
to be all at 28°, we observe that it is not unreasonable to suppose that the water of the under
current, inasmuch as it comes from the south, and therefore from warmer latitudes, is probably
not so cold ; and if it be not so cold, its temperature, before it comes out again, must be reduced
to 28°, or whatever be the average temperature of the outer but surface current. ,

Moreover, if it be true, as some philosophers have suggested, that there is in the depths of -
the ocean a line from the equator to the poles along which the water is of the same temperature
all the way, then the question may be asked, should we not have in the depths of the ocean a
sort of isothermal floor, as it were, on the upper side of which all the changes of temperature
are due to agents acting from above, and on the lower side of which, the changes, if any, are
due to agents acting from below?-

This under polar current water, then, as it rises to the top, and is brought to the surface
by the agitation of the sea in the Arctic regions, gives out its surplus heat and warms the at
mosphere there till the temperature of this warm under current water is lowered to the requisite
degree for going out on.the surface. Hence the water-sky of those regions.

And the heat that it loses in falling from its normal temperature, be that what it may, till
it'reaches the temperature of 28° is so much caloric set free in the polar regions, to temper the
air and mitigate the climate there. Now, is not this one of those modifications of climate which
may be fairly traced back to the effect of the saltness of the sea in given energy to its circulation?

Moreover, if there be a.deep sea in the polar basin, which serves as a receptacle for the
waters brought into it by this under current, which, because it comes from toward the equatorial
regions, comes from a milder climate, and is therefore warmer, we can easily imagine why there
might be an open sea in the ‘polar.regions—why Lieutenant De Haven, in his instructions, was
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directed to look for it; and why both  he and Captain Penny, of one of the English searching.
vessels, found it there.

And in accounting for this polynia, we see that its existence is not only consistent with the
hypothesis with which we set out, touching a perfect system of oceanic circulation, but that it
may be ascribed in a great degree, at least, if not wholly, to the effect produced by the salts of
the sea upon the mobility and circulation of its waters. o

Here, then, is an office which the sea performs in the economy of the universe by virtu
of its saltness, and which it could not perform were its waters altogether fresh. And thus
Philosophers have a clew placed in their hands which will probably guide them to one of the
many hidden reasons that are embraced in the true answer to the question, “Why is the sea
salt ?” ‘ ,‘
103. We find in sea water other matter besides common salt. Lime is dissolved by the
rains and the rivers, and emptied in vast quantities into the ocean. Out of it, coral islands and
coral reefs of great extent, marl-beds, shell-banks, and infusorial deposits of enormous magnitude
have been constructed by the iphabitants of the deep. These creatures are endowed with the
Power of secreting, apparently for their own purposes only, solid matter which the waters of the
8ea hold in solution. But this power was given to them that they also might fulfil the part assigned
them in the economy of the universe. For to them, probably, has been allotted the important
office of assisting in giving circulation to the ocean, of helping to regulate the climates of the
earth, and of preserving the purity of the sea. ,

The better to comprehend how such creatures may influence currents and climates, let us
Suppose the ocean to be perfectly at rest—that, throughout, it is in a state of complete equi-
librium—that, with the exception of those tenants of the deep which have the power of ex-
tracting from it the solid matter held in solution, there is no agent in nature capable of dis-
turbing that equilibrium—and that all these fish, &c., have suspended their secretions, in order
that this state of a perfect aqueous equilibrium and repose throughout the sea might be
attained.

In this state of things—the waters of the sea being in perfect equilibrium—a single mollusk
Or coral-line, we will suppose, commences his secretions, and abstracts from the sea water (§ 87)
Solid matter for his cell. In that act, this animal has destroyed the equilibrium of the whole
Ocean, for the specific gravity of that portion of water from which this solid matter has been
e.xtracted is altered. Having lost a portion of its solid contents, it has become specifically
lighter than it was before ; it must, therefore, give place to the pressure which the heavier
Water exerts to push it aside and to ccupy its place, and it must consequently travel about and
mingle with the waters of the other parts of the ocean until its proportion of.solid matter is
Yeturned to it, and until it attains the exact degree of specific gravity due sea water generally.

How much solid matter does the whole host of marine plants and apimals abstract from sea
Water daily ? Ts it a thousand pounds or a thousand millions of tons? No one can say. But,
Whatever be its weight, it is so much of the power of gravity applied to the dynamical forces
of the ocean. And this power is derived from the salts of the sea, through the agency of sea-
shells and other marine animals, that of themselves scarcely possess the power of locomotion.
Yet they have power to put the whole sea in motion, from the equator to the poles, and from
top to bottom. , -

Those powerful and strange equatorial currents (§ 121) which navigators tell us they
®Ncounter in the Pacific Ocean, to what are they due? Coming from sources unknown, they
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are lost in the midst of the ocean. They are due, no doubt, to some extenf, to the effects of
precipitation and evaporation, and the change of heat produced thereby. But we have yet to
inquire, how far may they be due to the derangement of equilibrium arising from the change
of specific gravity caused by the secretions of the myriads of marine animals that are continually
at work in those parts of the ocean? These abstract from sea water solid matter enough to
build continents of. And, also, we have to inquire as to the extent to which equilibrium in the
sea is disturbed by the salts which evaporation leaves behind.

Thus, when we consider the salts of the sea in one point of view, we see the winds and the
marine animals operating upon the waters, and, in certain parts of the ocean, deriving from the
solid contents of the same those very principles of antagonistic forces which hold the earth in
its orbit, and preserve the harmonies of the universe.

In another point of view, we see how the sea-breeze and the sea-shell, in performing their
appointed offices, act so as to-give rise to a reciprocating motion in the waters; and thus they
impart to the ocean dynamical forces also for its circulation. ’

The sea-breeze plays upon the surface ; it converts only fresh water into vapor and leaves
the solid matter behind. The surface water thus becomes specifically heavier, and sinks. On
the other ‘hand, the little marine architect below, as he works upon his coral edifice at the
bottom, abstracts from the water there a portion of its solid contents; it therefore becomes
specifically lighter, and up it goes, ascending to the top with increased velocity to take the
place of the descending column, which, by the action of the winds, has been sent down loaded
with fresh food and materials for the busy little mason in the depths below.

Seeing, then, that the inhabitants of the sea, with their powers of secretion, are competent
to exercise at least some degree of influence in disturbing equilibrium, are not these creatures
entitled to be regarded as agents which have their offices to perform in the system of oceanic
circulation, and do not they belong to its physical geography? It is immaterial how great or
how small that influence. may be supposed to be; for, be it great or small, we may rest assured
it is not a chance influence, but it is an influence exercised—if exercised at all—by design, and
according to the commandment of Him whose voice the winds and the sea obey.” Thus God
speaks through sea-shells to the ocean.

It may therefore be supposed that the arrangements in the economy of nature are such as
to require that the various kinds of marine animals whose secretions are calculated to alter the
gpecific gravity of sea water, to destroy its equilibrium, to beget currents in the ocean, and to
control its circulation, should be distributed according to order.

104. Upon this supposition—the like of which nature warrants throughout her whole
domain—we may conceive how the marine apimals of which we have been speaking may
impress other features upon the physical relations of the sea by assisting also to regulate
climates, and to adjust the temperature of certain latitudes. For instance, let us suppose the
waters in a certain part of the torrid zone to be T0°, but by reason of the fresh water which
has been taken from them in a state of vapor, and consequently by reason of the proportionate
increase of salts, these waters are heavier than waters that may be cooler, but not so salt.

This being the case, the tendency would be for this warm, but salt and heavy water, to
flow off as an under current toward the polar or some other regions of lighter water.

Now, if the sea were not salt, there would be no coral islands to beautify its landscape and
give variety to its features; sea-shells and marine insects could not operate upon the specific
gravity of its waters, nor give variety to its climates ; neither could evaporation give dynamical
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force to its circulation, and they, ceasing to contract as their temperature falls below 40°,
would give but little impulse to its currents, and thus its circulation would be torpid, and its
bosom lack animation. 5 B N o

This under current may be ffeighted with heat to temper some hyperborean region or to
soften some extra-tropical climate, (§ 147,) for we know that such is among the effects of marine
currents. At starting, it might have been, if you please, so loaded with solid matter, that,
though its temperature were 700, yet, by reason of the quantity of such matter held in solution,
its specific gravity might have been greater even than that of extra-tropical sea water
&generally at 28°, ; Ly . ; S ; ,

Notwithstanding this, it may be brought into contact, by the way, with those kinds and
quantities of marine organisms that shall abstract solid matter enough to reduce its specific
gravity, and, instead of leaving it greater than common sea water at 28° make it less than
common sea water at 40°; consequently, in such a case, this warm sea water, when it comes to
the cold latitudes, would be brought to the surface through the instrumentality of shellfish,
and various other tribes that dwell far down in the depths of the ocean. Thus we perceive
that these creatures, though they are regarded as being so low in the scale of creation, may
Revertheless be regarded as agents of much importance in the terrestrial economy; for we
Perceive that they are capable of spreading over certain parts of the ocean those benign
mantles of warmth which temper the winds, and modify, more or less, all the marine climates
of the earth. o . ;

105. The makers of nice astronomical instruments, when they have put the different parts
of their ‘machinery together, and set it to work, find, as in the chronometer, for, instance, that
it is subject in its performance to many irregularities and imperfections—that in.one state of
things there is expansion, and in another state contraction among cogs, springs, and wheels,
with an increase or diminution of rate. This defect the makers have sought to overcome ;
and, with a beautiful display of ingenuity, they have attached to the works of the instrument
a contrivance which has had the effect of correcting these irregularities by counteracting
the tendency of the instrument to change its performance with the changing influences of
temperature.

This contrivance is called a compensation ; and a chronometer that is well regulated and
Properly compensated will perform its office with certainty, and preserve its rate under all the
Vicissitudes of heat and cold to which it may be exposed. o -

In the clock work of the ocean and the machinery of the universe order and regularity

re maintained by a system of compensations. A celestial body, as it revolves around its sun,
flies off under the influence of centrifugal force ; but immediately the forces of compensation
?)egin to act; the planet is brought back to its elliptical path, and held in. the orbit for which
1ts masg, its motions, and its distance were adjusted. Its compensation is perfect.
. So, too, with the salts and the shells of the sea in the machinery.of the ocean; from them
are derived principles of compensation the most perfect; throngh- their agency the undue
effects of heat and cold, of storm and rain, in disturbing the equilibrium, and producing thereby
Currents in the sea, are compensated, regulated, and controlled. -

The dews, the rains, and the rivers are continually dissolving certain minerals of the
earth, and carrying them off to the sea. This is an accumulating process; and if it were not
compensated, the sea would finally become as the Dead Sea is, saturated with salt, and therefore,
Unsuitable for the habitation of mény fish of the sea.
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" The sea-shells and marine insects afford the required compensation. They are conservators
of the ocean. As the salts are emptied into the sea, these creatures secrete them again and
pile them up in solid masses, to serve as the bases of islands and continents, to be in the
process of ages upheaved into dry land, and then again dissolved by the dews and rains, and
washed by the rivers away into the sea. ‘

The question as to whence the salts of the sea were originally derived, of course, has not
escaped the attention of philosophers. :

“T once thought with Darwin and those other philosophers who hold that the sea derived
its salts originally from the washings of the rains and rivers. I now question that opinion ;
for, in the course of the researches connected with the ‘Wind and Current Charts,’ I have
found evidence, from the sea and in the Bible, which seems to cast doubt upon it. The account
given in the first chapter of Genesis, and that contained in the hieroglyphics which have been
traced by the hand of Nature on the geological column as to the order of creation, are marvel-
lously accordant. The Christian man of science regards them both as true; and he never
overlooks the fact that, while they differ in the mode and manner as well as in the things they
teach, yet they mever conflict; and they contain no evidence going to show that the sea was
ever fresh; on the contrary, they both afford circumstantial evidence sufficient for the belief
that the sea was salt as far back as the morning of creation, or, at least, as the evening and the
morning of the day when the dry land appeared.

«That the rains and the rivers do dissolve salts of various kinds from the rocks and soil,
and empty them into the sea, there is no doubt. These salts cannot be evaporated, we
know ; and we also know that many of the lakes, as the Dead Sea, which receive rivers and
have no outlet, are salt. Hence the inference by some philosophers that these inland water-
basins received their salts from the washings of the soil; and consequently the conjecture
arose that the great sea derived its salts from the same source and by the same process. But,
and per contra, though these solid ingredients cannot be taken out of the sea by evaporation,
they can be extracted by other processes. We know that the insects of the sea do take out a
portion of them, and that the salt ponds and arms which, from time to time in the geological
calendar, have been separated from the sea, afford an escape by which the quantity of chloride
of sodium in its waters—the most abundant of its solid ingredients—is regulated. The insects
of the sea cannot build their structures of this salt, for it would disolve again, and as fast as
they could separate it. But hear the ever-ready atmosphere comes into play, and assists the
insects in regulating the salts. It cannot take them up from the sea, it is true, but it can take
the sea away from them ; for it pumps up the water from these pools that have been barred

off, transfers it to the clouds, and they deliver it back to the sea as fresh water, leaving the

salts it contained in a solid state behind. ,

“These are operations that have been going on for ages; proof that they are still going
on is continually before our eyes; for the ‘hard water’ of our fountains, the marl-banks of the
valleys, the salt-beds of the plains, Albion’s chalky cliffs, and the coral islands of the sea, are
monuments in attestation. ‘

“There is no proof, nor is there any reason for the belief that the sea ig growing salter or
fresher. Hence we infer that the operations of briny addition and extraction are reciprocal
and equal; that the effect of rains and rivers in washing down is compensated by the processes
of evaporation and secretion in taking out.

«Tf the sea derived its salts originally from the rivers, the geological records of the past
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would show that river beds were scoured out in the crust of our planet before the sea had
deposited any of its fossil shells and infusorial remains upon it. If, therefore, we admit the
Darwin theory, we must also admit that there was a period when the sea was without salt, and
consequently without shells or animals either of the silicious or calcareous kind. If ever there
were such a time, it must have been when the rivers were collecting and pouring in the salts
which now make the brine of the ocean. But while the paleontological records of the earth,
on one hand, afford no evidence of any such fresh water period, the Mosaic account is far from
being negative with its testimony on the other. According to it, we infer that the sea was
salt as early, at least, as the fifth day, for it was on that day of creation that the waters were
commanded to ‘bring forth abundantly the moving creature that hath life.” It is in obedience
to that command that the sea now teems with organisms; and it is marvelous how abundantly

the obedient waters do bring forth, and how wonderful for variety as well as multitude their

Progeny is. All who pause to look are astonished to see how the prolific ocean teams and

swarms with life. The moving creatures in the sea constitute in their myriads of multitudes
one of the ‘wonders of the deep.

“It is the custom of Captain Foster, of the American ship ¢ Garrick, who is one of my
most patient of observers, to amuse himself by making drawings in his abstract log of the
curious animalcul® which, with the microscope, he finds in the surface water alongside ; and
though he has been following the sea for many years, he never fails to express his wonder and
amazement at the immense numbers of living creatures that the microscope reveals to him in
sea water. Hitherto his examinations related only to the surface waters, but in the log now
before me he went into the depths, and he was more amazed than ever to see how abundantly
the waters even there bring forth.

“¢ January 28, 1855. In examining animalculee in sea water, I have,’ says he, ‘heretofore
used surface water. This afternoon, after pumping for some time from the stern pump seven
feet below the surface, I examined the water, and was suprised to find that the fluid was
literally alive with animated matter, embracing beautiful varieties” Of some he says, ‘Nume-
rous heads, purple, red, and variegated.’

“There is wonderful meaning in that word ABUNDANILY, as it stands recorded in that Book
and as it is even at this day repeated by the great waters.

“So far the two records agree, and the evidence is clear that the sea was salt when it
received this command. Do they afford any testimony as to its condition previously ? Let us
€Xamine, :

“On the second day of creation the waters were gathered together unto one place, and the
dry land appeared. Before that period, therefore, there were no rivers, and consequently no
Washings of brine by mists, nor dew, nor rains from the valleys among the hills. The water

Covered the earth. This is the account of Revelation; and the account which Nature has
e mountain and in the plain, on the rock, and in

Written, in her. own peculiar characters, on th on et
the same. The inscriptions on the

the 8ea, as to the early condition of our planet, indicates
geological column tell that there was a period when the solid parts of the earth’s crust, which
“Dow stand high in the air, were covered by water. The geological evidence that it was so,
“With perhaps the exception of a solitary mountain peak here and there, is conclusive; and when
We come to examine the fossil remains that:are buried in the mountains, and scattered over
the plains, we have as much reason to say that the sea was salt when it covered or nearly

10 M
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covered the earth, as the naturalist, when he sees a skull or bone whitening on the wayside;
has to say that it was once covered with flesh. :

“Therefore we have reason for the conjecture that the sea was salt ‘in the beginning,’
when ‘the waters under heaven were gathered together unto one place,” and the dry land first
appeared; for go back as far as we may in the dim records which young Nature has left
inscribed upon the geological column of her early processes, and there we find the fossil shell,
and the remains of marine organisms to inform us that when the foundations of our mountains
were laid with granite, and immediately succeeding that remote period, when the primary
formations were completed, the sea was, as it isnow, salt; for had it not been salt, whence could
those creeping things which fashioned the sea-shells that cover the tops of the Andes, or those
madrepores that strew the earth with solid matter that has been secreted from briny waters, or
those infusorial deposits which astound the geologist with their magnitude and extent, or those
fossil remains of the sea, which have astonished, puzzled, and bewildered man in all ages—whence,
haduot the sea been salt when its metes and bound were set, could these creatures have obtained
solid matter for their edifices and structures. Much of that part of the earth’s crust which
man stirs up in cultivation, and which yields him bread, has been made fruitful by these ‘salts,’
which all manner of marine insects, aqueous organisms, and sea-shells have secreted from the
ocean. Much of this portion of our planet has been filtered through the sea, and its insects
and creeping things are doing now precisely what they were set about when the dry land
appeared, namely, preserving the purity of the ocean, and regulating it in the due performance
of its great offices. As fast as the rains dissolve the salts of the earth, and send them down
through the rivers to the sea, these faithful and everlasting agents of the Creator elaborate
them into pearls, shells, corals, and precious things; and so, while they are preserving the sea,
they are also embellishing the land by imparting new adaptations to its soil, fresh beauty and
variety to its landscapes.

“In every department of nature there is to be found this self-adjusting principle—this
beautiful and exquisite system of compensation, by which the operations of the grand machinery
of the universe are maintained in the most perfect order.

“ Whence came the salts of the sea originally is a question which perhaps never will be
settled satisfactorily to every philosophic mind, but it is sufficient for the Christian philosopher
to recollect that the salts of the sea, like its waters and the granite of the hills, are composed of
substances which, when reduced to their simple state, are found, for the most part, to be mere
gaseous or volatile matter of some kind or other. Thus we say that granite is generally com-
pose of feldspar, mica, and quartz, yet these three minerals are made of substances more or less
volatible in combination with oxygen gas. Iron, of which there is merely a trace, is the only
ingredient which, in its uncombined and simple state is not gaseous or volatile. Now was the
feldspar of the granite originally formed in one heap, the mica in another, and the quartz in a
third, and then the three brought together by some mighty power, and welded into the granitic
rock for the everlasting hills to stand upon? or were they made into rock as they were formed
of the chaotic matter ?

“Sea water ig composed of oxygen and hydrogen, and its salts, like the granite, also consist
of gases and volatile metals. But whether the constituents of sea water, like those of the
primitive rocks, were brought together in the process of formation, and united in combination
as we now find them in the ocean, or whether the sea wasfresh ‘in the beginning,’and became
salt by some subsequent process, is not material to our present purpose. Some geologists
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Suppose that in the chalk period, when the ammonites, with their huge chambered shells, lived
in the sea, the carbonaceous material required by these creatures for their habitations must
have been more abundant in its waters than it mow is; but, though the constituents of sea
Wwater may have varied as to proportions, they probably were never, at least since ‘its waters
commenced to bring forth,” widely different from what they now are.

“It is true, the strange cuttle-fish, with its shell twelve feet in circumference, is no longer
found alive in the sea; it died out with the chalk period; but then its companion, the tiny
hautilus, remains to tell us that even in that remote period the proportion of salt in sea water
Was not unsuited to its health, for it and the coral insect have lived through all the changes
that our planet has undergone since the sea was inhabited, and they tell us that its waters were
salt as far back, at least, as their records extend, for they now build their edifices, and make
their habitations of the same materials, collected in the same way that they did then, and, had
the sea been fresh in the interim, they too would have perished, and their family would have
become extinct, like that of the great ammonite, which perhaps ceased to find the climates
of the sea, not the proportion of its salts, suited to its well-being.

“Did any one Who maintains that the salts of the sea were originally washed down into it
by the rivers and the rains, ever take the trouble to compute the quantity of solid matter that the
Sea holds in solution as salts? Taking the average depth of the ocean at two miles, and its
average saltness at 3§ per cent., it appears that there is salt enough in the sea to cover to the
thickness of one mile an area of seven millions of square miles. Admit a transfer of such a
Quantity of matter from an average of half a mile above to one mile below the sea level, and
astronomers will show by calculation that it would alter the length of the day.

“These seven millions of cubic miles of crystal salt have not made the sea any fuller. All
this solid matter has been received into the interstices of sea water without swelling the mass;
for chemists tell us that water is not increased in volume by the salt it dissolves. Here is
therefore started up before us an economy of space calculated to surprise even the learned
author himself, of the ¢ Plurality of Worlds.’

“There has been another question raised which bears upon what has already been said
Concerning the offices which, in the sublime system of terrestrial arrangements, have been
assigned to the salts of the sea. :

“On the 20th of January, 1855, Professor Chapman, of the University College, Toronto,
Communicated to the Canadian Institute a paper on the ‘Object of the Salt Condition of the
Sea,” which he maintains, is ‘mainly intended to regulate evaporation.” To establish this hypo-
thesis, he shows by a simple but carefully conducted set of experiments, that the salter the
Water, the slower the evaporation from it; and that the evaporation which takes place in 24
hours from water about as salt as the average of sea water, is 0.54 per cent, less in quantity than
from fresh water.

“This suggestion and these experiments give additional interest to our investigations into

. the manifold and marvelous offices which, in the economy of our planet, have been assigned by
the Creator to the salts of the sea. It is difficylt to say what, in the Divine arrangement, was
the main object of making the sea salt and not fresh, Whether it was to assist in the regyla-
tim_’ of climates, or in the circulation of the ocean, or in re-adapting the earth for new conditions,
by transferring solid portions of its crust from one part to another, and giving employ-
ment to the corallines and insects of the sea in collecting this solid matter into new forms, and
Presenting it under diffierent climates and conditions, or whether the main object was, as the
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disﬁnguished professor suggests, to regulate evaporation, it is not necessary now or here to
discuss. I think we may regard all the objects of the salts of the sea as main objects.

“But we see in the professor’s experiments the dawn of more new beauties, and the
appearance of other exquisite compensations, which, in studying the ‘wonders of the deep,’ we
have so often paused to contemplate and admire. As the trade-wind region feeds the air with
the vapor of fresh water, the process of evaporation is checked, for the water which remains,
being salter, parts with its vapor less readily ; and thus, by the salts of the sea, floods may be
prevented. But again, if the evaporating surface were to grow salter and salter, whence
would the winds derive vapor duly to replenish the earth with showers; for the salter the
surface, the more scanty the evaporation. Here is compensation, again, the most exquisite ;
and we perceive how, by reason of the salts of the sea, drought and famine, if not prevented,
may be, and probably are regulated and controled ; for that compensation which assists to
regulate the amount of evaporation, is surely concerned in adjusting also the quantity of rain,
‘Were the salts of the sea lighter instead of heavier than the water, they would, as they feed
the winds with moisture for the cloud and the rain, remain at its surface, and become more
niggardly in their supplies, and finally the winds would howl over the sea in very emptiness, and
instead of cool and refreshing sea breezes to fan the invalid and nourish the plants, we should
have the gentle trade-wind coming from the sea in frightful blasts of parched, and thirsty, and
blighting air. But their salts, with their manifold and marvelous adaptations, come in here as a
counterpoise, and, as the waters attain a certain degree of saltness, they become too heavy to
remain longer in contact with the thirsty trade-winds, and are carried down, because of their
salts, into the depths of the ocean; and thus the winds are diefed with vapor in due and
wholesome quantities.”—Maury’s Physical Geography of the Sea, 6tk ed., p. 200.

[In this view of the subject, and for the purpose of carrying on the investigations which
Professor Chapman’s interesting paper suggests, observations upon the specific gravity of sea
water become still more interesting. It is to be hoped, therefore, that my fellow-laborers at sea
will not slight thc specific gravity column of the man-of-war abstract log.]

106. Thus we behold sea-shells and animalculs in a new light. May we not now cease to
regard them as beings which have little or nothing to do in maintaining the harmonies of creation ?
On the contrary, do we not see in them the principles of the most admirable compensation in
the system of oceanic circulation? We may even regard them as regulators, to some extent,
of climates in parts of the earth far removed from their presence. There is something
éuggestive, both of the grand and the beautiful, in the idea that, while the insects of the sea
are building up their coral islands in the perpetual summer of the tropics, they are also
engaged in dispensing warmth to distant parts of the earth, and in mitigating the severe
cold of the polar winter. )

Surely an hypothesis which, being followed out, suggests so much design, such perfect
order and arrangement, and so many beauties for contemplation and admiration as does this,
which, for the want of a better, I have ventured to offer with regard to the solid matter of the-
sea water, its salts and its shells—surely such an hypothesis, though it be not based entirely on
the results of actual observation, cannot be regarded as wholly vain or as altogether proﬁtlesys.
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CHAPTER VIII.
CURRENTS OF THE SEA *

Governed by Laws, § 107.—The Inhabitants of the Sea the Creatures of Climate, § 108.—Fizst Principles, § 109.—Cuarrents
of the Red Ben, § 110.—How an under current from it is generated, § 111.—Why the Red Sea is not salting up, § 112.
~—~MEDITERRANEAN CURRENT, § 118.—CURRENTS OF THE INDIAN OcEaN, § 114.—A Gulf Stream along the Coast of China,
§ 115.—Points of Resemblance between it and the Gulf Stream of the Atlantic, § 116. —Geographical Features unfavor,_
able to large Tcebergs in the North Pacific, § 117.—Arguments in favor of return Currents, because the Sea Water is salt,
§ 118.—CurrxnTs oF THE PAciFic, § 119.—Discovery of an immense Body of Warm Water drifting South, § 120.—Currents
about the Equator, § 121.—Unper Currents: Proof of, afforded deep Sea Soundings, § 122.—Currents caused by
Changes in Specific Gravity of Sea Water, § 123.—The great Equatorial Current of the Atlantic, § 124.—The Cape St.

Roque Current not a constant Current, § 125.

107. LgET us, in this chapter, set out with the postulate that the sea, as well as the air, has
its system of circulation, and that this system, whatever it be, and wherever its channels lie,
whether in the waters at or below the surface, is in obedience to physical laws. The sea, by
the circulation of its waters, has its offices to perform in the terrestrial economy ; and when we
see the currents in the ocean running hither and thither, we feel that they were not put in
motion without a cause. On the contrary, reason assures us that they move in obedience 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 nelther chance nor
accident had anythlng to do with its enactment.

Nature grants us all that this postulate demands, repeating it to us in many forms of
expression ; she utters it in the blade of green grass which she causes to grow in climates and soils
made kind and genial by warmth and moisture, that some current of the sea or air has conveyed
far away from under a tropical sun. She murmurs it out in the cooling current of the north ;
the whales of the sea tell of it, and all its inhabitants proclaim it.

108. The fauna and the flora of the sea are as much the creatures of climate, and are as
dependent for the well-being upon temperature as are the fauna and the flora of the dry land.
Were it not so, we should find the fish and the alge, the marine insect and the coral, distributed
equally and alike in all parts of the ocean. The polar 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 exceeded by those of any other
Substance, is one of the most complete of non-conductors. Heat does not permeate 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 a knowledge of its currents, both
cold and warm. They are the channels through which the waters circulate, and by means of
Which the harmonies of old ocean are preserved.
' 109. Hence, in studying the system of oceanic clrculatlon, we set out with the very simple
assumption, viz : that from whatever part of the ocean & current is found to run, to the same

© Vide Muury’s Physical Geography of the S8ea. Harper and Brothers, New York,
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part a current of equal volume is obliged to return; for, upon this principle is based the whole
system of currents and counter-currents of the air as well as of the water.

It is not necessary to associate with oceanic currents the idea that they must of necessity,
as on land, run from a higher to a lower level. So far from this being the case, some currents of
the sea actually run up hill, while others run on a level.

The Gulf Stream is of the first class.

110. The currents which run from the Atlantic into the Mediterranean, and from the Indian
Ocean into the Red Sea, are the reverse of this. Here the bottom of the current is probably
a water-level, and the top an inclined plane, running down kidl. Take the Red Sea current as
an illustration. That sea lies, for the most part, within a 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 and south, and extends from latitude 13° to
the parallel of 30° north.

"~ From May to October the water in the upper part of this sea is said to be two feet lower
than it is near the mouth.* This change or difference of level is ascribed 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 the season when evaporation is going
on most rapidly ; and when we consider how dry and how hot the winds 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 calculation, has to consider. With him it is an important element ;
how much more so must the waste by evaporation from this sea be, when we consider the
physical conditions under which it is placed. Its feeder, the Arabian Sea, is a thousand miles
from its head; its shores are burning sands; the evaporation is ceaseless; and none of the vapors,
which the scorching winds that blow over it carry away, are returned to it again in the shape
of rains.

The Red Sea vapors are carried off and percipitated elsewhere, The depression in the
level of its head waters in the summer time, therefore, it appears, is owing quite as much to
the effect of evaporation as to that of the wind blowing the waters back.

The evaporation in certain parts of the Indian Ocean is from three-fourths of an inch to an
inch daily. Suppose it for the Red Sea, in the summer time, to average only half an inch a day.

Now, if we suppose the velocity of the current which runs into that sea to average, from
mouth to head, twenty miles a day, it would take the water fifty days to reach 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.

Thus the waters of the Red Sea ought to be lower at the Isthmus of Suez than they are at
the Straits of Babelmandeb. Independently of the waters forced out by the wind, they ought

‘to be lower from two other causes, viz: evaporation and temperature, for the temperature of
that sea is necessarily lower at Suez, in latitude 30°, than it is at Babelmandeb, in latitude 13°.

To make it quite clear that the surface of the Red 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

© Johuston’s Physical Atlas.
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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 would not be so high,
by two feet (twenty-five inches,) as it was the first day it commenced to flow.

The top of that sea, therefore, may be regarded as an inclined plane, made so by evaporation,

111. But the salt water, which has lost so much of its freshness 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 therefore heavier water, must either run out ag
an under current, 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
we infer that there is from the Red Sea an under or outer current, as there is from the Mediter-
ranean through the 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 current from each of these two seas,
let us suppose the case of a long trough, opening into a vat of oil, with a partition to keep the
oil from running into the trough. 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
1t 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
an upper current, overflowing the wine, and the wine would run out as an under current.

The rivers which discharge in the Mediterranean are not sufficient to supply the waste of
eVai)oration, and it is by a process similar to this that the salt which is carried in from the ocean
i returned to the ocean again ; were it not so, the bed of that sea would be a mass of solid salt.
The equilibrium of the seas is preserved, beyond a doubt, by a system of compensation as
exquisitely adjusted as are those by which the “music of the spheres” is maintained.

The above about under currents is theory : Now let us see the results of actual observation
Upon the density of water in the Red Sea and the Mediterranean, and upon the under currents
that run out from these seas.

Four or five years ago, Mr. Morris, chief engineer of the Oriental Company’s steamship
Ajdaha, collected specimens of Red Sea water all the way from Suez to the Straits of Babel-

Mandeb, which were afterward examined by Dr. Giraud, who reported the following results :*
_ :

Latitude. Longitude. Spec. Grav. Saline Cont.

T ————————
) o 1000 parts.

No. 1. Sea At SUeZan e o s —_— _— 1027 41.0
No. 2, Glf Of BUEZ v amemec e oo oe oo ©97.49 33.44 1026 40.0
No. 3. Req Y, S _ _____ 24.99 36. ' 1024 39.2
Mo 4 o 20.55 88.18 1026 40.5
No. 6 Qo 20.43 40.03 1024 39.8
No.6 Qooooov — 14.34 42.43 1024 39.9
No. 1. Q0 e L 12.89 4445 1023 39.2
\\

These observations agree with the theoretical deductions 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 Seq, ’

Transact. of the Bombay Geograph. Soc., vol. ix., May, 1849, to August, 1850.
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In the same paper, the temperature of the air between Suez and Aden often rises, it is
said, to 90°, “and probably averages little less than 75° day and night all the year round. The
surface of the sea varies in heat from 65° to 85°, and the difference between the wet and dry
bulb thermometers often amounts to 259, in the kamsin or desert winds, to from 30° to 40°;
the average evaporation 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 the sea, will be carried off annually in
vapor ; or assuming 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 saltis 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.”
112. Now we know the Red Sea is more than three thousand years old, and that it is not

filled with salt; and 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.

113. MEDITERRANEAN CURRENTS.—With regard to an under current from the Mediterranean,
we may begin by remarking that we know that there is a current always setting in at the
surface from the Atlantic, and that this is a salt water current, which carries an immense amount
of salt into that sea. We know, moreover, that that sea is not salting up ; and therefore, in-
dependently of the postulate (§ 109) 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 communicated to the Philosophical Society
in 1724, “ Monsieur 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 Tarriffa and Tangier, and there gave her
one broadside which directly sunk her, all her men being saved by Monsieur du L’Aigle ; and
in a few days after the Dutch ship, with her cargo of brandy and oil, arose on the shore near

‘Tangier, which is at least four leagues to the westward of the 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

© Dr. Smith appears to have been the first to conjecture this explanation, which he did in 1683 (vide Philosophical Trans-
actions.). This continual indraught 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 golve these phe.
nomena, such as subterraneous vents, cavities, exhalation by the sun’s beams, &c., and then offers his conjecture, which, in
his own words, is, * that there is an under current, by which as great a quantity of water is carried out ag comes flowing
in. To confirm which, besides what I have suid 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 withen 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 pinnace into the mid stream, and were carried violently by the current; 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 ageinst the upper current ; the
current alofé, 88 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.” :
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runs into the Straits returns that way, and along the two coasts before méntioned; otherwise,
this ship must, of course, have been driven toward 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 Philosophical 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 saline residuum. Hence it is clear that an under current out-
Ward of such denser water, if of equal breadth and depth with the current inward near the
surface, would carry out as much salt as it 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 had collected it for Dr. Marcet. Dr. Marcet died before receiving it, and
it had remained in the admiral’s hands some time before it came into those of Wollaston.

It may therefore have lost something by evaporation ; for it is difficult to conceive that
all the river water, and three-fourths of the sea water which runs into the Mediterranean, is
®vaporated from it, leaving a brine for the under current having four times as much salt as
the water at the surface of the sea usually contains. Very recently, M. Coupvent des Bois is
said to have shown, by actual observation, the existence of an outer and under current from
the Mediterranean. o

However that may be, these facts, and the statements of the Secretary of the Geograph-
ical Society of Bombay, (§ 111,) seem to leave no room to doubt as to the existence of an under
Current both from the Red Sea and Mediterranean, and as to the cause of the surface current
Which flows into them. I think it a matter of demonstration. It is accounted for (8§ 111) by
the salts of the sea.

Writers, whose opinions are entitled to great respect, differ with me as to the proof of
thig demonstration. Among these writers are Admiral Smyth, of the 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 Mediterranean water from
Various depths, especially in and about the Straits of Gibraltar. Among these was the one
taken fifty miles within the Straits from the depth of six hundred and seventy fathoms, (four
thousand and twenty 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, " , '

~ But the indefatigable admiral, in the course of his celebrated survey of the Mediterranean,
dlsco\rered that, while inside of the Straits the depth was upwards of n%ne hundred fathoms,
Yet, in the Straits themselves, the depth across the shoalest section is not more than one hun-

dred ang g
1xty* fathoms.
“Buch being the case, we can now prove,” exclaims Sir Charles Lyell, “ that the vast amount

of salt brought into the Mediterranean does not pass out again by the Straits ; for it appears by
Oaptain Smyth’s soundings, which Dr. Wollaston had not seen, that between the Capes of

* The Mediterranean,

11 M



82 THE WIND AND CURRENT OHARTS.

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 evident, that if water sinks in certain parts of the Mediterranean, in
consequence of the increase of its specific 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.”t

According to this reasoning, all the cavities, the hollows, and the valleys at the bottom of
the sea, especially in the trade-wind region, where evaporation is so constant and great, ought
to be salting up or filling up with brine. Isit probable that such a process is actually going
on? No. '

According to this reasoning, the water at the bottom of the great American lakes ought to be
salt, for the rivers and the rains, it is admitted, bring the salts from the land and empty them
into the sea. It is also admitted that the great lakes would, from this cause, be salt, if they
had no sea drainage. The Niagara River passes these river salts from the upper lakes into
Ontario, and the St. Lawrence conveys them thence to the sea. Now, the basins or bottoms of
all these upper lakes are far below the fop of the rock over which the Niagara pitches its
flood. And, were the position assumed by this writer correct, viz: 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 con-
sequently must remain there forever.; 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
forever 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 Falls.
Consequently, wherever the breadth of that river is 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
common 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, because it is fed from below. Every mill-
dam over which the water falls, also 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 consequence 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

* One hundred and sixty, Smyth.
t Lyell's Principles of Geology, p. 3345, ninth edition. London, 1853.
1 See paragraph quoted (§ 113) from Lyell's Principles of Geology.
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sea. Thus the bar at the mouth of the Mississippi, with only fifteen feet of water on it, is
estimated to travel out to sea at rates varying from one hundred 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 only fifteen or sixteen
feet of water on it, we have now four or five times that depth. As new bars were successively
formed seaward from the old, what dug up the 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 surface? 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 nearly a uniform breadth to the distance 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 feett below the top of the bar
Wwhich obstructs its entrance into the sea. Could not the same power which scoops.out this
solid matter draw the brine up from the pool in the Mediterranean, and pass it out across the
barrier in the Straits. :

The gallant admiral—appearing to withhold his assent both from Dr. Wollaston in his
conclusions as to this 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
8ea 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 evapora-
tion on the surface, or by parting with a portion of its fresh water in some other way.

If we admit the principle assumed by Sir Charles Lyell, that water from the great pools
and basins of the sea can never ascend to cross the ridges which form these pools and basins,
then the harmonies of the sea are gone, and we are forced to conclude they never existed. Every
particle of water that sinks below a submarine ridge is, ipso facfo, by his reasoning, striken from
the channels of circulation, to become thenceforward forever motionless matter. The conse-
quence would be “cold obstruction” in the depths of the sea, and a system of circulation
between different seas of the waters only that float above the shoalest reefs and barriers. I do
Dot believe in the existence of any such imperfect terrestrial mechanism, or in any such failures
of design. To my mind, the proofs—the theoretical proofs—the proofs derived exclusively
from reason and analogy-—are as clear in favor of this under current from the Mediterranean
a3 they were in favor 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 of these vast quantities of salt
Which this surface current takes into the Mediterranean find their way out again. It would
ot 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 saltinto the ocean. N ow, besides this drain, vast quantities of salt are extracted from sea water
for madrepores, coral reefs, shell banks, and marl beds; and by such reasoning as this, which
is perfectly sound and good, we establish the existence of this under. current, or else we are
forced to the very unphilosophical conclusion that the sea must be losing its salts, and becoming
less and less briny. -

® “' From near its mouth at the Balizo, a steamboat may ascend for nearly two thousand miles with scarcely any
Preceptible difference in the width of the river.’'—Zyell, p. 263 . :

1 ¢ The Mississippi is continually shifting its course in the great alluvial plain, cutting frequently to the depth of one
hundred, and even somotimes to the depth of two hundred and fiftv feet.”’—Lyell, p. 273,
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114. THE CURRENTS OF THE INDIAN OCEAN.—By carefully examining the physical features
of this sea, (Plates XV and XIV,) and studying its conditions, we are led to look for warm
currents that have their genesis in this ocean, and that carry from it volumes of overheated
water, probably exceeding in quantity many times that which is discharged by the Gulf
Stream from its fountains, (Plate XTII.)

The Atlantic Ocean is open at the north, but tropical countries bound the Indian Ocean
in that direction. The waters of this ocean are hotter than those of the Caribbean Sea, and
the evaporating force there (§36) is much greater. That it is greater we might, without
observation, infer from the fact of a higher temperature and a greater amount of precipitation
on the neighboring shores, (§33.) These two facts, taken together, tend, it would seem, to
show that large currents of warm water have their genesis in the Indian Ocean. One of them
is thé well-’known Mozambique current, called at the Cape of Good Hope the Lagullas current.

115. Another of these-currents makes its escape through the Straits of Malacca, and, being
joined by other warm streams from the Java and China Seas, flows out into the Pacific, like
another Gulf Stream, between the Philippines and the shores of Asia. Thence it attempts the
great circle route for the Aleutian Islands, tempering climates, and losing itself in the sea on
its route toward the northwest coast of America.

116. Between the physical features of this current and the Gulf Stream of the Atlantic
there are several points of resemblance. Sumatra and Malacca correspond to Florida and Cuba;
Borneo to the Bahamas, with the Old Providence Channel to the south, and the Florida Pass to
the west. The coasts of China answ.r to those of the United States, the Philippines to the
Bermudas, the Japan Islands to Newfoundland. As with the Gulf Stream, so also here with
this China current, there is a counter current of cold water between it and the shore. The
climates of the Asiatic coast correspond with those of America, along the Atlantic, and those
of Columbia, Washington, and Vancouver are duplicates of those of Western Europe and the
British Islands; the climate of California (State) resembling that of Spain; the sandy plains
and rainless regions of Lower, California reminding one of Africa, with its deserts between the
same parallels, &e.

Moreover, the North Pacific, like the North Atlantic, is enveloped, where these warm

waters go, with mists and fogs, and streaked with lightning. The Aleutian Islands are as
renowned for fogs and mists as are the Grand Banks of Newfoundland.
, A surface current flows north through Behring’s Strait into the Artic Sea; but, in the
Atlantic, the current is from, not into the Artic Sea : it flows south on the surface, north below;
Behring’s Strait being too shallow to admit of mighty under currents, or to permit the introduc-
tion from the polar basin of any large icebergs into the Pacific.

Behring’s Strait, in geographical position, answers to Davis’ Strait in the Atlantic; and
Alaska, with its Aleutian chain of islands, to Greenland. But, instead of there being to the east
of Alaska, as there is to the east of Greenland, an escape into the polar basin for these warm
‘Waters, the Pacific shore-line intervenes and turns them down through a sort of North Sea,
along the western coast of the continent toward Mexico. And in this feature we may perceive
why there cannot be in the North Pacific a Gulf Stream equal to that of the North Atlantic.
The heat of the torrid and the cold of the frigid zone are perpetually destroying the equilibrium
of the ocean, by changing with temperature the specific gravity of sea water; and the mere
change of specific gravity there begots currents as surcly as the change of weight at one end
of the balance will cause it to kick the beam. The polar waters, having their specific gravity
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changed, seek the torrid zone by the North Sea and Davis’ Strait ; Behring’s Strait is so shallow
and so narrow that they cannot in sufficient volume get out that way, neither can large volumes
of warm water enter the polar basin that way. Hence, there is no call in the Pacific for a Gulf
Stream like ours to supply the polar seas with intertropical waters.

117. These contrasts show the principal points of resemblance and of difference between
the currents and aqueous circulation in the two oceans. The ice-bearing currents of the North
Atlantic are not repeated, as to degree, in the North Pacific, for there is no nursery for icebergs
like the Frozen Ocean and its arms. The seas of Okotsk and Kamtschatka alone, and not the
frozen seas of the Arctic, cradle the icebergs for the North Pacific.

There is, at times at least, another current of warm water from the Indian Ocean. It finds
its way south midway between Africa and Australia. The whales (Plate IX) give indications
of it. Nor need we be surprised at such a vast flow of warm water as these three currents
indicate from the Indian Ocean, when we recollect that this ocean (§ 114) is land-locked on the
north, and that the temperature of its waters is frequently as high as 90° Fahr.

There must, therefore, be immense volumes of water flowing into the Indian Ocean to
supply the waste created by these warm currents, and the fifteen or twenty feet of water that
observations tell us are yearly carried off from this ocean by evaporation.

On either side of this warm current that escapes from the inter-tropical parts of the Indian
Ocean, midway between Africa and Australia, an ice-bearing current (Plate XIV) is found
wending its way from the Antarctic regions, with supplies of cold water, to modify climates
and restore the aqueous equilibrium in that part of the world. These cold currents sometimes
get as far north with their icebergs as 40° south. The Gulf Stream seldom permits them to
get so near the equator as that in the North Atlantic, but I have known the ice-bearing current
which passes east of Cape Horn into the South Atlantic, to convey its bergs as far as the parallel
of 37° south latitude. This is the nearest approach of icebergs to the equator.

118. The currents which run out from the inter-tropical basin of that immense sea—Indian
Ocean—are active currents. They convey along immense volumes of water containing vast
quantities of salt, and we know that sea water enough to convey back equal quantities of salt,
and salt to keep up supplies for the outgoing currents, must flow into or return to the inter-
tropical regions of the same sea; therefore, if observations were silent upon the subject, reason
would teach us to look for currents here that keep in motion immense volumes of water.

119. THe CurrENTS OF THE PaciFic.—The contrast has been drawn (§ 116) between the
China or “ Gulf Stream” of the North Pacific, and the Gulf Stream of the North Atlantic. The
Course of the China stream has never been traced out. There is, (Plate XIV,) along the coast
of California and Mexico, a southwardly movement of waters, as there is along the west coast
of Africa towards the Cape de Verde Islands.

In the open space west of this southwardly set, along the African coast, there is the
famoug Sargasso Sea, (Plate XIV,) which is the general receptacle of the drift-wood and sea~weed
of the Atlantic. So, in like manner, to the west from California of this other southwardly set,
lies the pool into which the drift-wood and sea-weed of the North Pacific are generally gathered.

The natives of the Aleutian Islands, where no trees grow, depend upon the drift-wood cast
ashore there for all the timber used in the construction of their boats, fishing tackle, and houge-
hold gear. Among this timber the camphor-tree, and other woods of China and Japan, are
said to be often récognized. In this fact we have additional evidence touching this China
Stream, as to which (§ 119) but little, at best, is known.
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Tae CoLD AsiATi¢ CurRENT.—Inshore of, but counter to the China current, along the
eastern shores of Asia, is found (§ 116) a streak or layer, or current of cold water answering to
that between the Gulf Stream and the American coast. This current, like its fellow in the
Atlantic, is not strong enough at all times sensibly to affect the course of navigation; but, like
that in the Atlantic, it is the nursery of most valuable fisheries. The fisheries of Japan are
quite as extensive as those of Newfoundland, and the people of each country are indebted for
their valuable supplies of excellent fish to the cold waters which the currents of the sea bring
down to their shores.

HuusoLpr’s CURRENT.—The currents of the Pacific are but little understood. Amohg those
about which most is thought- to be known is the Humboldt Current of Peru, which the great
and good man, whose name it bears, was the first to discover. It has been traced on Plate
XIV, according to the best information—defective at best—upon the subject. This current is
felt as far as the equator.

120. I have, I believe, discovered the existence of a warm current in the inter-tropical
regions of the Pacific, midway between the American coast and the shore-lines of Australia.

This region affords an immense surface for evaporation. No rivers empty into it; the
annual fall of rain, except in the “equatorial doldrums,” is small, and the evaporation is all that
both the northeast-and the southeast trade-winds can take up and carry off. I have marked on
Plate XIV the direction of the supposed warm water current which conducts these overheated
and briny waters from the tropics in mid ocean to the extra-tropical regions where precipitation
is in excess. Here being cooled and agitated, and mixed up with waters that are less salt,
these overheated and over-salted waters from the tropics may be replenished and restored to
their rounds in the wonderful system of oceanic circulation.

121. There are also about the equator in this ocean some curious currents which I do not
understand, and as to which observations are not sufficient yet to afford the proper explanation
or description. There are many of them, some of which, at times, run with great force. On
a voyage from the Society to the Sandwich Islands, I encountered one running at the rate of
ninety-six miles a day.

And what else should we expect in this ocean but a system of currents and counter-
currents apparently the most uncertain and complicated? The Pacific Ocean and the Indian
Ocean méy, in the view we are about to take, be considered as one sheet of water. This sheet
of water covers an area quite equal in extent to one-half of that embraced by the whole
gurface of the earth; and, according to Professor Alexander Keith Johnson, who so states it in
the new edition of his splendid Physical Aéflas, the total annual fall of rain on the earth’s
surface is one hundred and eighty-six thousand two hundred and forty cubic imperial miles.
Not less than three-fourths of the vapor which makes this rain comes from this waste of waters ;
but supposing that only half of this quantity, ¢. e., ninety-three thousand one hundred and
twenty cubic miles of rain falls upon this sea, and that that much, at least, is taken up from it
again as vapor, this would give two hundred and fifty-five cubic miles as the quantity of water
which is daily lifted up and poured back again into this expanse. It is taken up at one placé
and rained down at another, and in this process, therefore, we have agencies for multitudes of
partial and conflicting currents, all, in their set and strength, apparently as uncertain as the
winds.

The better to appreciate the operation of such agencies in producing currents in the sea,
now here, now there, first this way, and then that, let us, by way of illustration, imagine a
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district of two hundred and fifty-five square miles in extent to be set apart in the midst of the
Pacific Ocean, as the scene of operations for one day. We must now conceive a machine
capable of pumping up, in the twenty-four hours, all the water to the depth of one mile in this
district. The machine must not only pump up and bear off this immense quantity of water,
but it must discharge it again into the sea on the same day, but at some other place. Now
here is a force for creating currents that is equivalent in its results to the effects that would be
produced by baling up, in twenty-four hours, two hundred and fifty-five cubic miles of water
from one part of the Pacific Ocean and emptying it out again upon another part. The currents
that would be created by such an operation would overwhelm navigation and desolate the sea;
and, happily for the human race, the great atmospherical machine, which actually does perform
every day, on the average, all this lifting up, transporting, and letting down of water upon the
face of the grand ocean, does not confine itself to an area of two hundred and fifty-five square miles,
but to an area three hundred thousand times as great; yet, nevertheless, the same quantity of
water is kept in motion, and the currents, in the aggregate, transport as much water to restore
the equilibrium as they would have to do were all the disturbance to take place upon our
hypothetical area of one mile deep over the space of two hundred and fifty-five square miles.
Now when we come to recollect that evaporation is lifting up, that the winds are transporting,
and that the clouds do let down every day actually such a body of water, but that it is done
by little and little at a place, and by hair’s breadths at a time, not by parallelopipedons one
mile thick—that the evaporation is most rapid and rains most copious, not always at the same
place, but now here, now there, we shall see actually existing in nature a force sufficient to give
rise to just such a system of currents as that which mariners find in the Pacific—currents
which appear to rise in mid ocean run at unequal rates, sometimes east, sometimes west, but
which always lose themselves where they rise, viz: in mid ocean.

Uxper CurreNts.—Lieutenant J. C. Walsh, in the United States schooner Taney, and
Lieutenant 8. P. Lee, in the United States brig Dolphin, both, while they were carrying on a
system of observations in connexion with the Wind and Current Charts, had their attention
directed to the subject of submarine currents.

They made some interesting experiments upon the subject. A block of wood was loaded
to sinking, and, by means of a fishing-line or a bit of twine, let down to the. depth of one
hundred or five hundred fathoms (six hundred or three thousand feet.) A small float, just
sufficient to keep the block from sinking further, was then tied to the line, and the whole let go
from the boat. :

To use their own expressions, “It was wonderful, indeed, to see this barrega move off,
against wind, and sea, and surface current, at the rate of over one knot an hour, as was
generally the case, and on one occasion as much as 13 knots. The men in the boat could not
reépress exclamations of supprise, for it really appeared as if some monster of the deep had
hold of the weight below, and was walking off with it.”* Both officers and men were amazed
at the sight. .

122. The experiments in deep-sea soundings have also thrown much light upon the subject
of under currents. There is reason to believe that they exist in all, or almost al] parts of the
deep sea, for never in any instance yet has the deep-sea line ceased to run out, even after the
Plummet had reached the bottom. : :

If the line be held fast in the boat, it invariably parts, showing, when two or three miles

& Lieutenant Walsh,
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of it are out, that the under currents are sweeping against the bight of it with what seamen
call a swigging force, that no sounding twine has yet proved strong enough to withstand.

Lieutenant J. P. Parker, of the United States frigate Congress, attempted, in 1852, a deep-
sea sounding off the coast of South America. He was engaged with the experiment eight or
nine hours, during which time a line nearly ten miles long was paid out. Night coming on, he
had to part the line (which he did simply by attempting to haul it in,) and return on board.
Examination proved that the ocean there, instead of being over ten miles in depth, was not
over three, and that the line was swept out by the force of one or more under currents. But
in what direction these currents were running is not known.

123. It may therefore, without doing any violence to the rules of philosophical investiga-
tion, be conjectured that the equilibrium of all the seas is preserved to a greater or less
extent by this system of currents and counter currents at and below the surface.

If we except the tides and the partial currents of the sea, such as those that may be
created by the wind, we may lay it down as a rule that all the currents of the ocean owe their
origin to difference of specific gravity between sea water at one place and sea water at
another ; for wherever there is such a difference, whether it be owing to difference of tem-
perature or to difference of saltness, &c., it is a difference that disturbs equilibrium, and
currents are ‘the consequence. The heavier water goes toward the lighter, and the lighter
whence the heavier comes ; for two fluids, differing in specific gravity, (§ 36,) and standing at
the same level, cannot balance each other. It is immaterial, as before stated, whether this
difference of specific gravity be caused by temperature, by the matter held in solution, or by
any other thing ; the effect is the same, namely, a current.

That the sea, in all parts, holds in solution the same kind of solid matter ; that its waters
in this place, where it never rains, are not salter than the strongest brine; and that in
another place, where the rain is incessant, they are not entirely without salt, may be taken as
evidence in proof of a system of currents or of circulation in the sea, by which its waters are
shaken up and kept mixed together as though they were in a phial. Moreover, we may lay
it down as a law in the system of oceanic circulation, that every current in the sea has its
counter current; in other words, that the currents of the sea are, like the nerves of the
human system, arranged in pairs ; for wherever one current 18 found carrying off water from
this or that part of the sea, to the same part must some other current convey an equal volume
of water, or else the first would, in the course of time, cease for the want of water to supply it.

124. CorrENTs OF THE ATLANTIC.—The principal currents of the Atlantic have been
described in the chapter on the Gulf Stream. Besides this, its eddies and its offsets are the
equatorial current, (Plate XIIT,) and the St. Roque or Brazil Current. Their fountain head is
the same. It is in the warm waters about the equator, between Africa and America. The
former, receiving the Amazon and the Oronoco as tributaries by the way, flows into the
Caribbean Sea, and becomes, with the waters in which the vapors of the trade-winds leave
their salts, the feeder of the Gulf Stream. The Brazil Current, coming from the same
fountain, is supposed to be divided by Cape St. Roque, one branch going to the south under
this name, (Plate XIV,) the other to the westward. This last has been a great bugbear to
navigators, principally on account of the difficulties which a few dull vessels falling to leeward
of 8t. Roque have found in beating up against it. It was said to have caused the loss of some
English transports in the last century, which fell to leeward of the Cape on a voyage to the
other hemisphere ; and navigators, accordingly, were advised to shun it as a danger.
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125. This current has been an object of special investigation during my researches con-
nected with the Wind and Current Charts, and the result has satisfied me that it is neither a
dangerous nor a constant current, notwithstanding older writers. Horsburgh, in his East
India Directory, continues to caution navigators against it.

I receive almost daily the abstract logs of vessels that cross the equator west of 30° west,
and in three days from that crossing they are generally clear of that cape. A few of them
report the current in their favor ; most of them experience no current at all ; but, now and
then, some do find a current setting to the northward and westward, and operating against
them ; but such cases are the exception, not the rule. The inter-tropical regions of the
Atlantic, like those of the other oceans, (§ 121,) abound with conflicting currents, which no
Tesearches yet have enabled the mariner to untavel ; therefore, the hydrographer does not at
all times know where they are, nor can he always tell how they run, in order that the
Davigator may be certain of their help when favorable, or sure of avoiding them if adverse.

I may here remark, that there seems to be a larger flow of polar waters into the Atlantic
than of other waters from it, and I cannot account for the preservation of the equilibrium of
this ocean by any other hypothesis than that which calls in the aid of under currents. They,
I'have no doubt, bear an important part in the system of oceanic circulation.

The Gulf Stream is unique ; it is the anomaly of the sea; its bearings upon commerce
and navigation are highly important—a separate chapter will be devoted to it in this light.

CHAPTER IX.

THE GULF STREAM.*

- Its color, § 126.~—~The Sargasso Sea, § 129.—Galvanic Properties of Gulf Stream Waters, § 130.—Agents that make Water
in one part of the Sea heavier than in another, § 132.—Temperature of the Gulf Stream, 136.-—Why the Drift Matter
of the Gulf Stream is sloughed off to the right of its Course, § 138.—Currents run along arcs of Great Circles,
§ 142.—The Force derived from Changes of Temperature, § 148. —Limits of the Gulf Stream for March and September,
§ 144.—A Cushion of Cold Water between the Bottom of the Sca and the Waters of the Gulf Stream, § 145.—It runs
up hill, § 146. : )

. § 126. TuE water of the Gulf Stream, as far out from the Gulf as the Carolina coasts, is of
R indigo blue. It is so distinctly marked, that the line of junction with the common sea water
May be traced by the eye. Often one half of the 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 the reluctance, on the part of those of the
Gulf Stream, to mingle with the common water of the sea.

What is the cause of the Gulf Stream has always puzzled philosophers. Modern investi-
8ations and examinations are beginning to throw some light upon the subject, though all is not
yet clear. ' '

L Early writers maintained that the Mississippi River was the father of the Gulf Stream.
Its floods, they said, produce it; for its velocity, it was held, could be computed by the rate of

the current of the river.
¢ Vide Maury's Physical Geography of the Seu.

12 M -
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Captain Livingston overturned this hypothesis by showing that the volume of water which
the Mississippi River empties into the Gulf of  Mexico is only equal to about the three-thou-
sandth part of that which escapes from it through the Gulf Stream.

2. Moreover, the water of the Gulf Stream is salt—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, unless it had a salt bed at the bottom, or was fed with salt springs below—
neither of which is probable—would, in process of time, 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
Jdepending “on the motion of the sun in the ecliptic, and the influence he has on the waters of

the Atlantic.”
But the opinion that came to be the most generally received and deep rooted in the mind

of seafaring people 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 into that sea a head,
as it were, for this stream.

We know of instances in which waters have been accumulated on one side of a lake, or in
one end of a canal, at the expense of thé other. But they are rare, sudden, and partial, and,
for the most part, confined to sheets of shoal water where the ripples are proportionably great.
As far as they go, the pressure of the trade-winds may assist to give the Gulf Stream its initial
velocity, but is it of itself 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 Mediterranean, (p- 162,) mentions that a
continuance in the Sea of Tuscany of gusty gales from the southwest has been known to raise
its surface no 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 have nothing like the Gulf
Stream; no deep and narrow channel way to conduct these waters off like a miniature river
even in the 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 Bonifaccio 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 gets to sea.

127. Supposing the pressure of the waters that are forced into the Caribbean Sea by the
trade-winds to be the sole cause of the Gulf Stream, that sea and the Mexican Gulf should have
a much higher level than the Atlantic. Acecordingly, the advocates of this theory require for
its support “a great degree of elevation.” Major Rennel 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 the Florida Pass. We also know, with a like
degree of approximation, the velocity and breadth of the same waters off Cape Hatteras.
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 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,
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instead of descending, its bed represents the surface of an inclined plahé tilted down from the
north, and up which the lower depths of the stream must ascend. If we assumie its depth off
Bemini to be two hundred fathoms, which are thought to be within limits, the above rates of
breadth and velocity 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, whose submarine ascent is not less
than ten inches to the mile. _

The Niagara is an “immense river descending into a plain.” But instead of preserving
its character in Lake Ontario as a distinct 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 nearly
three thousand miles.

128. 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. Thisecurrent from Baffin’s Bay has not only no
trade-winds to give a head, but the prevailing winds are unfavorable 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
i8 every reason to believe that this polar current 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
ore than the other? '

Tt is a custom often practiced by seafaring people to throw a bottle overboard, with a
Paper, stating the time and place at which it was done. In the absence of other information as
to currents, that afforded by these mute little navigators is of great value. They leave no
tracks behind them, it is true, and their routes cannot 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. The late Admiral Beechey, R. N., prepared a chart
Some years ago,* 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

exico and its stream. Bottles cast into the sea midway between the Old and the New Worlds,
hear the coasts of Europe, Africa, and America, at the extreme north or furthest south, have
been found either in the West Indies or within the wellkmown range of Gulf Stream
Waters, :

Of two cast out together in south latitude on the coast o
Island of Trinidad; the other on Guernsey, in the English Channel. .

In the absence of positive information on the subject, the circumstantial evidence that the
latter performed the tour of the Gulf is all but conclusive.

Another bottle, thrown over off Cape Horn by an American master in 1887, has been

ecently picked up on the coast of Ireland. An inspection of the chart, and of the drift of the

f Africa, one was found on the

- # Vide Naut. Magazine, (Eng.) passim.
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other bottles, seems to force the conclusion that this bottle, too, went even from that remote
region to the so-called higher level of the Gulf Stream reservoir.

129. Midway the Atlantic,in the triangular space between the Azores, Canaries, and the
Cape de Verde Islands, is the Sargasso Sea. (Plate XIII.) Covering an area equal in extent
to the Mississippi Valley, it is so thickly matted over with Gulf weed (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 Gulf Stream. Now, if bits of cork or chaff, or any floating substance,
be put into a basin, and a circular motion be given 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 has
remained to this day; and certain observations as to its limits, extending back for fifty years,
assure us that its position has not been altered since that time. This indication of a circular
motion by the Gulf Stream is corroborated by the bottle chart 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 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 Bay, Labrador, and the coasts of the north, running to the
south with equal velocity. Where is the trade-wind that gives the high 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 deep 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 icebergs which are carried in a direction tending across its course. The proba-
bility is, that this “fork” continues on toward the south and runs into the Caribbean Sea, for
the temperature of the water at a little depth there has been found far below the mean
temperature of the earth, and quite as cold as at a corresponding depth off the Artic shores of
Spitzbergen.

More water cannot run from the equator or the pole than to it. If we make the trade-
winds cause the former, some other wind must produce the latter; but these, for the most part,
and for great distances, are submarine, and therefore 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 described.
As far as it has been traced, it warrants the belief that it, too, runs up to seek the so-called
kigher level of the Mexican Gulf.

The power necessary 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, would be truly surprising.

The facts 8o far derived from observation, afford us, at best, but a mere glimmer of light,
by no means sufficient to make any mind clear asto a higher lovel of the Gulf, or as to the
sufficiency Of. any other of the: cauges assigned for this wonderful stream. If it be necessary to
resort to a higher level in the Guif to account for the velocity off Hatteras, I cannot perceive
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why we should not, with like reasoning, resort to a higher level off Hatteras, also, to account
for the velocity off the Grand Banks, and thus make the Gulf Stream, throughout its circuit, &
descending current, and, by the reductio ad absurdum, show that the trade-winds are not adequate
to the effect ascribed. :

When facts are wanting it often happens that hypothesis will serve, in their stead, all the
Purposes of mere illustration. Let us, therefore, suppose a globe of the earth’s size, having a
solid nucleus, 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 remaining undisturbed, there would
be neither wind nor current. :

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 is thereby disturbed,
and a general system of currents and counter-currents is immediately commenced; 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 Capricorn, rising to the surface and
returning as before. . ‘

Thus, without wind, we should have a perpetual and uniform system of tropical and polar
Currents. In consequence of diurnal rotation of the planet on its axis, each particle of oil, were
Tesistance 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 at the rate
of nearly a thousand miles the hour. Becoming water, and losing its velocity, it would
approach the tropics by a similar but inverted spiral, turning toward the west. Owing to the
Principal here alluded to, all currents from the equator to the poles should have an eastward
téndency, and all from the poles toward the equator a westward.

Let us now suppose the solid nucleus of this hypothetical globe to assume the exact form
and shape of the bottom of our seas, and in all respects, as to figure and size, 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 not be interrupted by obstructions and local causes of
Various kinds, such as unequal depth of water, contour of shore-lines, &c.; 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 not the cold waters of the north, and the warm waters of the Gulf, made specifically lighter
by tropical heat, which we see actually preserving such a system of counter-currents, hold, at

®ast in some degree, the relation of the supposed water and oil? .

In obedience to the laws here hinted at, there is a constant tendency of polar waters
toward the tropics, and of tropical waters toward the poles. Captain Wilkes, of the United
St'a,tes Exploring Expedition, crossed one of these hyperborean under currents two hundred
iles in breadth at the equator. ; ' o

Assuming the maximum velocity of the Gulf Stream at five knots, and its depth and
breadth in the N arrows of Bemini as before (§ 127), the vertical section across would present
°0 area of two hundred millions of square feet moving ot the rate of seven feet three inches
Per second. The difference of spocific gravity between the volume of Gulf water that crosses
;hx‘s Bect%onal line in one second, and ‘an equal volurye of Wat.er at Fhe ocean temperature of the

atituds is fifteen millions of pounds. If these estimated dimensions (assumed merely for the
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purposes of illustration) be within limits, the then 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.

In investigating the currents of the seas such agencies should be taken into account. I
doubt whether this one is sufficient of itself to produce a stream of such great velocity as that
of the Gulf; for, assuming its estimated discharge to be correct, the proposition is almost
susceptible of mathematical demonstration, that to overcome the resistance opposed in conse-
quence 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 the very principle from which this agent is derived is admitted to be one of
the chief causes of those winds which are said to be the sole cause of this current.

130. The chemical properties, or, if the expression be admissible, the galvanic properties
of the Gulf Stream waters, as they come from their fountains, are different, or, rather, more
intense than they are in sea water generally.

131. In 1843 the Secretary of the Navy took measures for procuring a series of observa-
tions and experiments with regard to the corrosive effects of sea water upon the copper sheath-
ing of ships. With patience, care, and labor, these researches were carried on for a period of
ten years; and it is said the fact has been established that the copper on the bottom of ships
cruising 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.

132. There are physical agents that are known to be at work in different parts of the
ocean, the tendency of which 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, also of heat} and
radiation, evaporation and precipitation.

In the trade-wind regions at sea (Plate XV) evaporation is generally in excess of
precipitation, while in the extra-tropical regions the reverse is the case; that is, the clouds let
down more water than the winds take up again; and these are the regions in which the Gulf
Stream enters the Atlantic.

133. Along the shores of India, where experiments have been carefully made, the evapora-
tion 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 say 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 reaching across the ocean, contains an immense amount of salts.

134. The great equatorial current (Plate XIII) which sweeps from the shores of Africa
across the Atlantic into the Caribbean Sea, is a surface current; and may it not bear into that
sea a large portion of those waters that have satisfied the thirsty trade-winds with saltless
vapor?  If so, and it probably does, have we not detected here 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 ?

It is immaterial, so far as the correctuess of the principle upon which this reasoning

@ 8upposing there be no resistance from friction.
1 According to Doctor Marcet, sea water contracts down to 28°.
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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
evaporated 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, where, as a rule, more water is let down than is
taken up into the clouds again. Suppose the excess of precipitation in these extra-tropical regions
of the sea amounts to but twelve inches, or even but to 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 for the simple reason, that
what is taken from one scale, by being put into the other, reduplicates the difference.

Now, that we may form some idea as to the influence, which the salts left by the vapor
that the trade-winds, northeast and southeast, take up from sea water, is calculated to exert in
creating currents, let us make a partial calculation to show how much salt this vapor held in
solution before it was taken up, and, of course, while yet in the state of sea water. The north-
east trade-wind regions of the Atlantic embrace an area of at least three million square miles;
and the yearly evaporation from it is, (§ 133,) we will suppose, fifteen feet. The salt that is
contained in a mass of sea water, covering to the depth of fifteen feet and area of three million
square miles in superficial extent, would be sufficient to cover the British islands to the depth
of fourteen feet. As this water supplies the trade-wind with vapor, 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. ,

Now, whatever may be the cause that enables these waters to remain on the surface,
whether it be from the fact just stated, and in consequence of which the waters of the Gulf
Stream are held together in their channel; or whether it be from the fact that the expansion
from the heat of the torrid zone is sufficient to compensate for this increased saltness ; or
whether it be from both 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 (§ 134) as a surface current.
The trade-winds, by their constant force, may assist to skim them off from the Atlantic, and
push them along into the Caribbean Sea, whence, for causes unknown, they escape by the
channel of the Gulf Stream in preferance to any other.

135. In the present state of our knowledge 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 concerned in producing the Gulf Stream. One of these is in the increased saltness
of its water after the trade-winds have been supplied with vapor from it, and the other
is in the diminished quantum of salt which the Baltic and the North Sea contain. The
Waters of the Baltic are nearly fresh ; they contain only about half as much salt as sea water
does generally.

Now here we have, on one side, the Caribbean Sea and Gulf of Mexico, with their waters
of brine ; on the other, the Baltic and the North Sea, with waters that are but a little more
than brackish. In one set of these sea-basins the water is heavy; in the other it ig light.
Between them the ocean intervenes . but water is bound to seek and maintain it level ; and
here, therefore, we unmask one of the agents concerned in causing the Gulf Stream. What
is the influence of this agent—that i, how great is it, and to what extent does it go—we
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cannot 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 vapor, 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 vapor leaves behind in the tropics has to be
conveyed away from the trade-wind region, to be mixed up again in due proportion with the
other water of the sea—the Baltic included—and that these are the waters which we see
running off through the Gulf Stream. To convey them away is one of the offices which, in
the economy of the ocean, has been assigned to it.

136. As to the temperature of the Gulf Stream, there is, in a winter’s day, off Hatteras, and
even as high up as the Grand Banks in mid ocean, a difference between its waters and those of
the ocean of nearly 20°, and even 30°. Water, we know, expands by heat, and here the
difference of temperature may more than compensate for the difference of saltness, and leave,
therefore, the waters of the Gulf lighter by reason of their warmth.

137. Being lighter and adhesive, they should therefore occupy a higher level than those
through which they flow. Assuming the depth off Hatteras to be one hundred and fourteen
fathoms, and allowing the usual rates of expansion for sea water, figures sliow 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 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 roof:shaped, causing the waters on its surface to flow off to either
side from the middle, we have not only circumstantial evidence to show, but observations to
prove.

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 boat
along, but which, being superficial, does not extend deep emough to affect the drift of the
vessel. :
That such is the case, (§187,) is also indicated by the circumstance 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
simple reason that to cross the Gulf Stream, and to pass over from that side to this, they
would have to drift up stream, as it were—that is, they would have to stem this roof-current
until they reached the middle of the stream. We never hear of planks, or wrecks, or of any
floating substance which is cast into the sea on the other side of the Guif Stream being found
along the coasts 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 i8, 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 ?
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138. One ‘cause has been shown to be in its roof-shaped current;*bﬁt 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
(upon the drift matter of the stream) produced by the diurnal rotation of the earth. .

Take, for illustration, a railroad that runs north and south. It is well known to engi-
neers 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—..e. always on the right-hand side. Whether the road be one mile or one hundred
miles in length, the effect.of diurnal rotation is for any one mile ‘the same, and the tendency
to run off, as you cross a given parallel at a stated rate of speed, is also the same, whether the
road be long or short, the tendency to fly the track being in proportlon to .the speed of the
trains, and not at all in proportion to the length of the road.

Now wvis inertice and velocity being taken into the account, the tendency to obey the force
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 the Great
Western Railway of England.

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 bodles mowng
freely in water isimmediately felt-and-implicitly obeyed.

139. It is in consequence of this diurnal rotation that drift-wood .coming down the -Mis:
sissippi 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.

The effect of diurnal rotation upon the winds and upon the currents of the sea is ad-
mitted by all ; the trade-winds derive their easting from it. It must, therefore, extend to all
the matter which these ourrents bear with them—to the largest iceberg as well as to the
erest sprig of grass that floats upon the waters, or the minutest organism that the most
powerful microscope. can ‘detect :among the impalpable particles of sea-dust. This effect of
diurnal rotation will be frequently alluded to in the pages of this work.

140. In its course to -the north, the Gulf Stream gradually trends to the eastward, untﬂ it

»is bifurcated by the ‘British Islands. One fork of it then finds its way up around North:

Cape into the Arctic Ocean ; the other, sweeping to the right as .en eddy, finds-its way back
to thetorrid zone along the coast of Africa. Near the Grand Banks the frigid current, already
8poken of; (§128,) with its icebergs from the north, are met-and melted by the-warm Wwaters
of the Gulf. ‘Of course,the loads of earth, stones, and gravel brought down upon them are
here deposnted Captain Scoresby, far away in the north, counted five hundred icebergs
8etting out from the same vicinity upon this cold current for thesouth.  Many of them, loaded
With earth, have been seen aground on the Banks. This process-of transferring deposits for
these shoals has been ‘going on for ages, and, with - tlme, seems : a.ltogether inadequate to the
effect described. - ‘

The deep-sea soundings that have been made by vessels Of the navy (Plate XI) tend to
confirm this view as to the formation of: these Banks. -The greatest contrast in the bottom of
the- Atlantic ig 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

13 M
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shelving ; but suddenly, after passing these Banks, its depth increases by almost a’precipitous
descent for many thousand feet, thus indicating that the debris which forms the Grand Banks
comes from the north. '

141. From the Straits of Bemini the course of the Gulf Stream (Plate XIII) describes (as
far as it can be traced over toward the British Islands which are in the midst of its waters) the
arcof a great circle as nearly as may be,and its course is very nearly such a course as a cannon-
ball, could it be shot from these straits to those islands, would take.

If it were possible to see Ireland from Bemini, and to get a cannon that would reach that
far, the person standing on Bemini and taking aim, intending to shoot at Ireland as a target,
would, if the earth were at rest, sight along the plane of a great circle, for the path of the ball
would be in such a plane. o

But there s diurnal rotation; the earth does revolve on its axis; and since Bemini is
nearer than Ireland is to the equator, the gun would be moving in diurnal rotation faster than
the target, and, therefore, the n;arksman, taking aim point blank at his target, would miss., He
would find, on examination, that he had shot ahead of his mark. '

" It is the case of the passenger in the railroad car throwing an apple, as the train sweeps
by, to a boy standing 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 passéngér are
going faster than the object at which they aim.

142. 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, departing therefrom—unless forced to depart by obstruc-
tions—only so much as the forces of diurnal rotation may impel. C-

The arc of a great circle is the shortest distance between any two points on the surface
of a sphere. Light, heat, and electricity, running water, and all substances, whether ponder-
able or imponderable, seek, when in motion, to pass from point to point by the shortest lines
practicable. 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 impulse, or to turn aside of its own volition, so to speak,
and 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 except to obey impulse, and
the physical‘requirements to take the shortest way to its point of destination.

The waters of the Gulf Stream, as they escape from the Gulf, (§ 135,) are bound over to
the British Islands, to the North Sea, and Frozen Ocean, (Plate XIV.)- Accordingly, they take,
(§ 141,) in obedience to this physical law, the most direct course by which nature will permit
them to reach their destination. And this course, as already remarked, is nearly that of the
great circle, as the physical obstacles in the way will permit. ,

‘Many philosophers have expressed the opinion—indeed, the belief is common among
mariners, (§ 140)—that the coasts of the United States and the Shoals of Nantucket turn the
Gulf Stream toward the east; but if the view I have been endeavoring to make clear be
correct—'—'ana"I'tﬁink it is—it appears that the course of the Gulf Stream is fixed and pre-
scribed by eiacﬂ}; the ‘same laws that require the planets to revolve in orbits, the planes of
which shall pass throtigh “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,
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perhaps, that the waters there are lighter than those of the Mexican Gulf, (§ 185 ;)* and if the
Shoals of Nantucket were not in existence, it could not pursue a more direct route. The
Grand Banks, however, are encroaching, and cold currents from the north come down upon it;
they may, and probably do, assist to turn it aside.

Now, if this explanation as to the course of the Gulf Stream and its eastward tendency
hold good, a current setting from the north toward the south should have a westward tendency.
It should also move in a great circle, or rather in the circle of trajection, calling thus the circle
traced upon the earth which 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, (Plate XIV,)
taking a southwestwardly direction, as already described, (§ 139.) It runs down to the tropics
by the side of the Gulf Stream, and stretches as far to the west as our own shores will allow.

143. But there are other forces operating upon the Gulf Stream. They are derived from
the effect of changes in the waters of the whole ocean, as produced by changes in their tem-
perature from time to time. As the Gulf 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 XIII,) 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 be supposed to waver about in the ocean not unlike a pennon in the breeze.
Its head is confined between the shoals of the Bahamas 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. ; - ’

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. It is the height of summer: the waters of the
sea on either hand are for the most part ina liquid state, and the Gulf Stream, let it be
supposed, has assumed a normal condition between the two divisions, adjusting itself to the
Ppressure 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 temperature has
been followed by a change in the specific gravity of those waters, amounting, no doubt, in the
'éggregate, to many hundred millions of tons, over the whole ocean ; for sea waiter, unlike -ﬁ”es%l
(§ 182)) contracts to freezing. Now, is it probable that, in passing from their summer to thfﬂr
winter temperature, the sea waters to the right of the Gulf Stream should change their Spem.ﬁc
gravity exactly as much in the aggregate as do the waters in the whole ocean to the left of it?
If not, the difference must be compensated by some means. Spgrks are not more prone to fly
upward, nor water to seek its level, than Nature is sure, with her efforts, to restore equilibrium
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 tho“gh they be not impene-
trable to the waters on either hand, yet, seeing. that they have a waste of waters on the right

® The waters of the Atlantic’ gehefally contain 8§ per cent. more of saline matter than those of the English Chan-
Bel.— M. Bouillon la Grange. SRR « . '
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and a waste of waters on the left, to which (§ 126) they offer a sort of resisting permeability,
we are enabled to comprehend how the waters on either hand, as their specific: gravity is
increased or diminished, will impart to the 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. :

Every one who studies the Gulf Stream is struck with the fact that the line of separation
between its waters and the water through which it flows is for a certain distance sharp and
well defined, and that its waters seem to cling together, in the midst of the sea, for a long way:
This is with many a matter for great wonderment. Now, it need not be so when we recollect
this physical fact, viz: that all fluids, how yielding soever they may be, are not, especially when
in motion, perfectly permeable ; that is, it requires force to make water at rest, or water moving
with a given velocity, to penetrate and mingle with water in-another status—as that of another
current, for instance, differing either in temperature or velocity from: that through which or by
which it is flowing. Hence, where rivers meet, a line of demarcation is always observable
between their waters for a considerable distance, especially if they be differently colored. So,
too, with currents in the air; we find the desolating breath of the tornado in a breadth some-
times of a few miles, and sometimes of a few yards only, sweeping over sea and land for great
distances, and carrying away everything in its path, and yet even the air at a little distance on
one side of it will remain calm or comparatively undisturbed. Why the tendency of water when
put in motion should be to continue in motion, and when placed at rest to continue at rest, is
perfectly philosophical. That force should be required to change the status of either, is plain;
and, therefore, it is not difficult to conceive why the running water of the Gulf Stream and the
cold water of its banks and bed should each in a measure preserve its status; from this premise
we can perceive readily enough how force is required to change the status of either, and how,
therefore, the two waters act as though there was a viscosity, so to speak, among the particles of
each to prevent a ready commingling of them. Imagine a drop of water to be set in motion ina
standing pool : it tends to draw along with it the drops that are immediately adjacent to it;
but the drops at rest tend to hold these back ; the initial drop consequently glides by them on
its way, leaving them to compound with the two forces. Expanding this illustration on a
grand scale, it will satisfy perfectly the phenomenon presented by this “River in the Ocean.”

144, Plate XIII shows the limits of the Gulf Stream for March and September. The
reason for this change of position is obvious. The banks of the Gulf Stream are cold water.
In winter, the volume of cold water on the American, or left side of the stream, is greatly
increased. It must have room, and gains it by pressing the warmer waters: of the stream
farther to the south, or right. 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 Survey indicate that there are in the
Gulf Stream threads of waraer, separated by streaks of cooler water. See Plate XIII, in
which these are shown. Figure A may be taken to represent a thermometrical cross 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
game instrument in the streaks of cooler water between, thus exhibiting, as one sails from
America across the Gulf Stream, a remarkable series of thermometrxcal elevations and depres-
sions in the surface temperature of this mighty river in the sea.
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145. As a rule, the hottest water of the Gulf Stream is-at or near the‘rsurface;‘ 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 believe that the warm waters of the Gulf

- Stream are nowhere permitted, in the oceanic economy, to touch the bottom of the sea. There is
@®verywhere a cushion of cool water between them and the solid parts of the earth’s crust.
This arrangement is sufestive; and strikingly beautiful. One of the benign offices of the
Gulf Stream- is to convey heat from the: Gulf of Mexico, where- otherwise it would become
excessive, and to disperse it in regions beyond the Atlantic for the amelioration of the climates
of the British Islands and of all Western Europe. - Now, cold water is one of the best non:
conductors 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 cold, 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. '

146. But to return to the streaks and reservoirs of hot water below. The hottest water
is the lightest ; as it rises to the top, it is cooled both by evaporation and exposure, when the
surface is replenished by fresh supplies of hot water from below. Thus, in a winter’s day, the
waters at the surface of the Gulf 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 Chpes of Virginia, 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 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.

In the case of boiling springs, we perceive how all the ascending water comes up in one
column ; that there is no descent of surface water through that which is boiling up, but at the
side of the bubbling. Moreover, in a cold winter’s day, the water, as it boils up, is relatively
Wwarm ; it smokes, grows cool, and the surface thermometer will stand highest where it is
boiling, lowest off a little way toward the verge of the fountain. Just so with these warmer

. and cooler streaks in the Gulf Stream. This warm water, in its ascent of five feet to the mile—
Suppose we are considering the streak which is the hottest, and is, also, the nearest to the
American shore—represents the boiling in the fountain ; the warm, ascending water rising up
in one body, and the cooler and heavier water going off to the side in-another body, to sink
and take its place with the other waters of the stream according: to gravity and temperature,
See the streaks z, 4, 7, Plate XIII. ‘ -

Now, when these waters come to the top and cool, they are travelling with the current
toward: the north, and the effect of diurnal rotation is to turn them, as it turns any other drift
(§ 189,) to the eastward. They obey this influence to'a certain extent, sinking down as they
obey, in consequence of theirgreater specific gravity; beyond this sinking—, ., farther
from the shore—is another: rising-up place; each thread of the hot water being less and less
warm, and each stream of cooler water more and more cool. The forces of diurnal rotation,
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operating upon the waters as they are successively sloughed off from each thread and streak
alternately above and below, are quite enough to determine them to the east. A rod being
poised on a point at one end, so as to stand alone, has no more tendency to fall to the east than
to the west; put the smallest force, the slightest breath will determine it either way. So with
the forces of diurnal rotation, and these streaks of warm and cool water ; the water that has
been to the top and is cooled must give way to warmer water that is pressing up from belowg
it must flow either to the west or to the east, and diurnal rotatiomassists in determining it.
When it sinks and reaches.its proper level, it must again go to the east or to the west to get
into the ascending column, and rise again to the surface in its proper turn.  There is no more
tendency for it to go to the west than to the east, and diurnal rotation like the weight of
the feather is sufficient ; it again plies its forces, and they are obeyed.

Taking all these facts and views into consideration, we are led to the conclusmn with which
we set out, (§ 142,) that it is the law of matter in motion, and_not the Shoals of Nantucket, that
controls the Gulf Stream in its course.

CHAPTER X.

INFLUENCE OF THE GULF STREAM UPON CLIMATES.*

The Sea a Part of a Grand Machine, § 148.—I'nfluence of -the Gulf Stream upon the Meteorology of the Sea, 149.;—Dampness of Climate
of England due to it, 150.—The Pole of Maximum Cold, 151.—Gales of the Gulf Stream, 152.;-—Inﬂumce of the Guif
Stream upon C: ce and Navigation, 153.—Thermal Navigation, 154.

147. MoDERN ingenuity has suggested a beautiful mode of warming houses in winter. It
is done by means of hot water. The furnace and the caldron are sometimes placed at a distance
from the apartments to be warmed. It is so at the Observatory.. In this case, pipes are used
to conduct the heated water from 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 united into
one again, through which the water, being now cooled, returns of its own accord to the caldron.
Thus cool water is returning 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, 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 Newfoundland 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 ; 3
and it is such that the - armth thus conveyed into this warm-air chamber of mid-ocean is taken

+':® Vide Maury’s Physical Geography of the Sea.
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up by the genial west winds, and dlspensed 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 maximum temperature of the Gulf Stream is 86°, or about 9° above the ocean tem-
perature due the latitude. Increasing itslatitude 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 latitude, 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 rigors of winter. Moving now more slowly, but dispensing its genial influences
more freely, it finally meets the British Islands. By these it is divided, (Plate XIV,) one part
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 immense 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, 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, and taking the well-known differ-
ence between the capacity of air and of water for specific heat as the argument, a simple
calculation will show that the quantity of heat discharged over the Atlantic 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 way to Europe, and carries with it
a portion of this heat 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 states that in
1831 the harbor of St. John’s, Newfoundland, avas closed with ice as late as the month of June;
yet who ever heard of the port of Liverpool, on'the other side, though 2° further north, bemg
closed with ice, even in the dead of winter?

The Thermal Chart (Plate X'VI) shows this. The isothermal lines of 600, 500,&0., starting
off from the parallel of 40° near the ‘coasts of the United States, run off in a northeastwardly
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 appara.tus, for drift-
wood from the West Indies is occasionally cast ashore there by the GulfStream."

Nor do the beneficial influences of this stream upon climate end here. The West Indian
Archipelago is encompassed on one side by its chain of islands; and-on the ‘other by the Cordil-
leras of the Andes contracting with the Isthmus of Darien, and stretching themselves out over
the plains of Central America and Mexico. Beginning on the summlt of this range, we leave
the regions of perpetual snow, and descend first into-the tierra témplada, and then into the terra
caliente, or burning land. Descending still: lower;, we reach both the level and the surface of the
Mexican geas, where, were it"not for* this beautiful and benign system of aqueous circulation,

o"American Journal of Séience, vol. xiv., p. 293,
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the peculiar features of the surrounding country assure us we .should. have-the shottést,aif'no,t
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 Caribbean
Sea; the surface water, as it enters here, being 3° or 4%, and that in depth 40°% cooler than
when it escapes from the Gulf. 'Taking only this difference in surface temperature as an index
of the heat accumulated there, a simple calculation will show that ‘the quantity of specific 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 keep in flow from
them ‘2 molten stream of metal greater in volume than the waters daily discharged from the
Mississippi River. - Who, therefore, can calculate the benigninfluence 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 unchanging 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 out upon the
face of the earth.” ' :

" In obedience to this -call, the aqueous portion of our 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 zone. At the depth of two hundred and forty fathoms, the
temperature of the currents setting into the Caribbean Sea has been found aslow as 48°, while
that of the surface was 85°. Another cast with three hundred and eighty-six fathoms gave 43°
below, against 83° at the surface. The hurricanes of those regions agitate the sea to great
depths ; that of 1780 tore rocks up from the bottom in seven fathoms, and cast them on shore.
They therefore cannot fail to bring to the surface portions of the cooler water below.

At the very bottom of the Gulf Stream, when its surface temperature was 809, the deep-
soa thiermometer of the Coast Survey has recorded temperatures as low as .88° Fahrenheit. .
.. ‘These cold waters ‘doubtless-come down from the north to replace the warm water sent
through the Gulf Stream to moderate the-cold of Spitzbergen ; for, withinthe Arctic Circle, the _
temperature at corresponding depths off the shores of -that island is only one degree colder than
in the Caribbean Sea, while on the coasts of Labrador the temperature in depth is said to be
950, or T° below the melting point of fresh water. Captain Scoresby relates that on the .coast
of Greenland, in latitude 72°, the temperature of the air was 42°; of the water, 34°; and 39°
at the depth of one hundred and eighteen fathoms. He there found a 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 intended to cool. One has
been found at the equator two hundred miles broad,-and 23° colder than the surface water.
uless the land ‘or shoals intervene, it no doubt comes down in a spiral curve, approaching the
greaticirdle. « - ' :
- - Pethaps-the best indication as to these cold currents may be derived from the fish-of the
gea. ~The -whales first pointed out the existence of the Gulf Stream by avoiding-its warm

*Temperature of the ;ﬂiﬁean Sea (from the journals of Mr. Dunsterville): — o :

Surface temperature 835, September ; 840 July; 830-863C Mosquito Cosst. ”
Temperaturc in depth; 480, 240 fathoms 430, 886 fathoms:; 420, 450 fathoms:; 48<, 600 fathoms,
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waters. Along:our own coasts, all those delicate animals and marine productions which delight
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 about the Bermudas on one
hand, and Africa on the other, we find, in great abundance, those delicate shell:fish and coral
formations which are altogether wanting in the same latitudes along the shores of South Carolina.
The same obtains in the west coast of South America; for there the cold current almost reaches
the line before the first sprig of coral is found to grow.

A few years ago, great numbers of bonita and albercore——tropical ﬁsh——followmg the Gulf
Stream, entered the-English Channel, and alarmed the fishermen of Cornwall and Devonshire by

the havoc which they created among the pilchards there.
It may well be questioned if our Atlantic cities and towns do not owe their excellent. ﬁsh-

markets, as well as our watering-places their refreshing sea-bathing in summer, to this stream of
cold water. The temperature of the Mediterranean is 4° or 5° above the ocean temperature.of
the same latitude, and the fish there are very indifferent. On the other hand, the temperature
along our coast is several degrees below that of the ocean, and from Maine to Florida our tables
are supplied with the most excellent of fish. The sheephead, so much esteemed in Virginia and
the Carolinas, when taken on the warm coral banks of the Bahamas, lages its flavor, and is 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 flavor 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,
therefore, resorts to the cold waters on the Florida coasts for her choicest fish. - the same isthe
case in the Pacific. A current of cold water from the south sweeps the shores of Chili, Peru,
and Columbia, and reaches the Gallipagos Islands under the line. Throughout this whole
distance, the world does not afford a more abundant or excellent supply of fish. Yet outin the
Pacific, at the Society Islands, where coral abounds, and the water preserves a higher tempera-
ture, the fish, though they vie in gorgeousness of coloring 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 cold and warm currents of the ocean do not constitute the great hlghways
through which migratory fishes travel from one region to another.

Navigators have often met with vast numbers of young sea-nettles (medusce) dnftmg along -
with the Gulf Stream. They are known to constitute the principal food for the whale; but
Whither bound by this route has caused much curious 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, two or three 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 sges
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 days in sailing through them. In about sixty days after-
ward, on hig return, he fell in with the same school off the Western Islands, and here he was
three or four days in passing themi again.- He recognized them as the same, for -he had never

14 u
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before seen any like them; and on both occasions he frequently hauled up buckets full and
examined them. .

Now the Western Islands is the great place of resort for whales; and at first there is
something curious to us in the idea that the Gulf of Mexico is the harvest field, and the Gulf
Stream the gleaner which collects the fruitage 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 both change with the latitude; but one
varies with the elevation above, the other with the depression below the sea level. Each is
regulated by circulation; but the regulators are, on the one hand, winds; on the other, currents.

148. 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. ‘Whether of the land or the sea, they are
all his creatures, subjects of his laws, and agents in his economy. The sea, therefore, we infer,
has its offices and duties to perform; so, may we infer, have its currents, and so, too, its
inhabitants; consequently, he who undertakes to study its phenomena, must cease to regard it
as a waste of waters. He must look upon it as a part of the 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, which make it a most beautiful and interesting subject for
contemplation.

To one who has never studied the mechanism of a watch, its main-spring or the balance-
wheel, is a mere piece of metal. He may have looked at the face of the watch, 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 character of the machinery which is concealed within.
Take it to pieces and show him each part separately; he will recognize neither design nor
adaption, nor relation between them; but put them together, set them to work, point out the
offices of each spring, wheel, and cog, explain their movements, and then show him the result;
now he perceives that it is all one_design; that, notwithstanding the number 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 perceives that 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, &ec.; and his conclusion will be
that such a piece of mechanism could not have been produced by chance; the adaption of the
parts is such as 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 the lovely scene, 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 beautiful
results are accomplished. To him who does this, the sea, with its physical geography, becomes
as the main-spring of a watch; its waters, and its currents, and its salts, and its inhabitants
with their adaptions, 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, he feels that the study of the sea, in its physical aspect, is truly sublime.
It elevates the mind and enncbles the man. The Gulf Stream is now no longer, therefore, to
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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 inhab-
itants—of the flora which deck, and the fauna which enlivens its surface.

149. Let us therefore 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 New-
foundland, which so much endanger navigation 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, would, if suddenly stricken from them, be sufficient to make the column of superin-
cumbent atmosphere hotter than melted iron. .

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

Our nautical works tell us of a storm which forced this stream back to its sources; and
piled up the water in the Gulf to the height of thirty feet. The Ledbury Snow attempted to
ride itout. 'When it abated, she found herself high upon 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 wonderful

velocity against the fury of the gale, producing a sea that beggared description.

The “ great hurricane” of 1770 commenced at Barbadoes. In it the bark was blown from
trees, and the fruits of the earth destroyed; the very bottom and 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; houses were blown down, ships were wrecked, and
the bodies of men and beasts lifted up-above the earth and dashed to pieces in the storm.
At the different islands, not less than twenty thousand persons lost their lives on shore, while
further to the north, the Sterling Castle and the Dover Castle, men-of-war, were wrecked at
sea, and fifty sail driven on shore at the Bermudas. ,

Several years ago the British Admiralty set on foot inquiries as to th
storms in certain parts of the Atlantic, which so often rage with disastrous. effects to navigation.
The result may be summed up in the conclusion to which the investigation led ;‘,,thaﬁtl?ey are
occasioned by the irregularity between the temperature of the Gulf Stream and of the neighbor-
ing*regions, both in the air and water.

150. The habitual dampness of the climate of the British Islands, as well as.the occasional
dampness of that along the Atlantic coast of the United States when easterly winds prevail, is
attributable also to the Gulf Stream. They come ‘to us loaded with vapors gathered from its

Warm and smoking waters.
It carries the temperature of summer,

Grand Banks of Newfoundland:" - . |
161. One of the poles of maximum cold is, according to theory, situated in latitude 80°

e cause of the

even in the dead of winter, as far north as the
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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. -

152. T am not prepsred to maintain that the Gulf Stream is really the “Storm King” of
the Atlantic, 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 Africa, and even as far down on that side as the -
parallel of 16° or 15° north latitude, have, it.has been shownby an examination of log-books,
made straight for the Gulf 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 is marked by wreck and disaster. At the meeting of the American Association for
the advancement of Science in 1854, Mr. Redfield mentioned one which he had traced out, and
in which no less than seventy odd vessels had been wrecked, dismasted, or damaged.

Tn the month of December, 1853, the fine new steamship San Francisco sailed from New
York with a regiment of United States troops on board, bound around Cape Horn for
Oalifornia. She was overtaken, while crossing the Gulf Stream, by a gale of wind, in which
she was terribly 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
96th, by another ; but neither of them could render her any assistance.

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

An appeal was made to know what light the system of researches carried on at the
National Observatory concerning winds and currents could throw upon the subject.

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 XIII.) Upon the supposition 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‘:@quest, 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.

- The cutter was to proceed to ¢, where she might expect to fall in with the line of drift
taken by the  steamer. The last that was seen of that ill-fated vessel was when she was at o.
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, the Three Bells, and the Antarctic,
unknown to anxious friends at home, had fallen in with and relieved the wreck; but that does
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not Hetract from the system of observations, of the results of Whlch and theu- practical - appli-
cation, it is the object of this work to treat. ‘

A beautiful illustration of their usefulness is the fact that; though the barque Kllby 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 attraction, and over which it seems to
exercise so much coﬁtrol-, are said to be, for the most part, whirlwinds. All boys are famﬂxar
with miniature whirlwinds on shore. = They are seen, especially in the autumn, sweeping 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 blowing around this axis in all directions.

Just so with some of these Gulf Stream storms. Mr. Piddington, an eminent meteorologist
of Calcutta, calls them Cyclones.

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.

153. The influence of the Gulf Stream wupon commerce and navigation.

Formerly, the Gulf Stream controlled commerce across the Atlantic-by governing vessels
in their routes through this ocean to a greater extent than it does now, and simply for' the.
reason that ships are faster, instruments better, and navigators are more skillful now than
formerly they were.

Up to the close of the last century, the navigator guessed as much as he calculated the
Place of his ship ; vessels from Europe to Boston frequently made New York, and thought the
land-fall by no means bad. Chronometers, 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 nowdo -
by minutes; for the rude “ecross 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 times being 69 8% and
éven 10° of longitude out of their reckoning in as many days from port.

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

Dr. Franklin was the first to suggest this use of it. The contrast afforded by the temper-
ature of its waters and that of the sea between the Stream:and the shores of America was
8triking. The dividing line between the warm and: the cool -waters was sharp (§ 126 ;) and
this dividing line, especially that on the western side of the stream, never changed its position
88 much in longitude as mariners erred in their reckoning. -

~ When he was in London, in 1770, he happened to be consulted as to-a memorial which the:
Board of Customs at Boston sent. to the Lords.of the Treasury, stating that the Falmouth packets
Were generally a fortnight. longer-to. Boston than. common traders were from London. ‘ta:Pravi
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dence, Rhode Island. They therefore asked that the Falmouth packets might be sent to
Providence instead of to Boston. This appeared strange to the Doctor, for London was much
further than Falmouth, and from Falmouth the routes were the same, and the difference should
have been the other way. He, however, consulted Captain Folger, a Nantucket whaler, who
chanced to be in London also; the. fisherman explained 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 not. The latter kept in it, and were set back sixty or

‘seventy miles a day, while the former avoided it altogether. 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 Florida.
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 navigation, we may
say, until the present day. :

But the investigations of which we are treating are beginning to throw more light 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 dangerous 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 Delaware
or Chesapeake, was many times more trying, difficult, and dangerous than it now 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 barque becomes a mass of
ice; with her crew frosted and helpless, she remains obedient only to her helm, and is kept
away for the Gulf Stream. After a few hours’ run, she reaches its edge, and almost at the next
bound passes from the midst of winter into a sea at summer heat. Now the ice disappears from
her apparel; the sailor bathes his stiffened limbs in tepid waters; feeling himself invigorated
and refreshed with the genial warmth about him, he realizes, out there at sea, the fable of
Anteeus and his mother Earth. He rises up and attempts to make his port again, and is again
as rudely met and beat back from the northwest; 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
terrible. Many ships annually founder in these gales; and I might name instances, for they
are not uncommon, in which vessels bound to Norfolk 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 Gulf Stream, with their summer
heat in mid-winter, off the shores of New England, is a great boon to navigation. At this season
of the year especially, the number of wrecks and the loss of life along the Atlantic sea-front
are frightful. The month’s average of wrecks has been as high as three a day. How many
escape by Seekingfr.efuge from the cold in the warm waters of the Gulf Stream is a matter of
conjecture. Suffice it to say, that before their temperature was known, vessels thus distressed
knew of no place of refuge short of the West Indies ; and the newspapers of that day—Franklin’s
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Pennsylvania Gazelte among them—inform us that it was no uncommon occurrence’ for vessels,
bound for the Capes of the Delaware in winter, to be blown off and fo 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.

154. Accordingly, Dr. Franklin’s discovery with regard to the Gulf Stream temperature
was looked upon as one of 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 landmark or beacon for our coast, in all weathers. And so viewing
it, the doctor concealed his discovery, for we were then at war with England. It was then not
uncommon for vessels to be as much as 10° out in their reckoning. He himself was 5°.
Therefore, in approaching the coast, the current of warm water in the Gulf Stream, and of
cold water on the 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 the question, “If these stripes of water had been distinguished
by the colors of red, white, and blue, could they be more distinctly discovered than they are
by the constant use of the thermometer?”’ And he might have added, could they have marked
the position of a ship more clearly?

- When his work on Thermometrical Navigation appeared, Commodore Truxton wrote to him :
“Your publication will be of use to navigation, by rendering sea voyages secure far beyond
what even you yourself will immediately calculate, for I have proved the utility of the ther-
mometer very often since we sailed together.

“Tt will be found a most valuable instrument in the hands of mariners, and particularly
as to those who are acquainted with astronomical observations; ... .. these particularly stand
in need of a simple method of ascertaining their approach to or distance from the coast,
especially in the winter season; for it is then that passages 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 reckoning. Every year produces new proofs of these facts, and of the
calamities incident thereto.”

Though Dr. Franklin’s discovery was made in 1775, yet, for political reasons, it was not
generally made known till 1790. Its immediate effect in navigation was to make the ports of
the North as accessible in winter as in summer. What agency this circumstance had in the
decline of the direct trade of the South, which followed this discovery, would be, at least to
the political economist, a subject for much curious and interesting speculation. Ihave 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. Pranklin
became generally known to navigators. The comparison shows an immediate decline in the
Southern trade, and a wonderful increase in that of the North. . But whether this discovery in
Davigation and this revolution in trade stand in the relation of cause and effect, or be
merely a coincidence, let others judge.

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
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one third.¥ In 1792 the exports from New York amounted in value to two millions and a half;
from Pennsylvania, to $3,820,000; and from Charleston alone, to $3,834,000.

But in 1795—by which time the Gulf Stream began to be as well understood by navigators
as it now is, and the average passages from Europe to the North were shortened nearly one-half
while those to the South remained about-the same—the customs at Philadelphia alone amounted
to $2,941,000;+ or more than one-half of those collected in all the States together.

Nor did the effect of the doctor’s discoveryend here. Before it was made, the Gulf
Stream was altogether insidious 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
actual limits of the Gulf Stream, until they were marked out to the Nantucket fishermen by
the whales, or made known by Captain Folger to Dr. Franklin. The discovery, therefore, of -
its high temperature, assured the navigator of the presence of a current of surprising velocity,

* From McPherson's Annals of Commerce—Exports and Imports in 1769, valued in Sterling Money.

EXPORTS.
To Great Britain, South of Europe. West Indies. Africa. Total.
£ s. d. £ 5. d. £ s d. £ s d. £ s d.
NewEngland, . . . « . . « =« =« 142,775 12 9 81,173 16 2 308,427 Y 6 17,713 0 9 550,089 19 2
New¥York. . . « « « « « « + 113,382 8 8 50,885 13 0 66,324 17 5 1,313 2 6 231,006 1 7
Pennsylvania , . « + . + .« . 8,112 6 9 203,762 11 11 178,331 7 8 50 9 9 410,756 16 1
North and South Carolina . . . . . . 405,014 13 1 76,119 12 10 87,758 19 3 691 12 1 569,584 17 3
IMPORTS.
From Great Britain, | South of Europe. West Indies. Africa. Total.
. i £ s d. £ s d. £ s d. £ s d £ s d.
NewEngland. . « + » + » « « @ 223,695 11 6 25,408 17 9 314,749 14 5 180 0 0O 564,034 3 8
NewVork . v o o o « o - - 75,930 19 7 14,927 7 8 97,420 4 0 697 10 0 188,97 1 3
Pennsylvania . . %« o o . 0 o0 204,979 17 4 14,249 8 4 180,591 12 4 e 399,830 18 0
North and SBouth Carolina . . . Q7,084 B8 6 7,089 5 10 76,269 17 11 137,620 10 o0 535,714 2 3
T Value of Biports in dollars. (a)
1791, 1792, 1793, 1794, 1795, 1796,
Massachusetts . « « + >+ * ¢ 2,519,651 2,888,104 . 3,755,347 5,202,441 7,117,809 9,94y, 345
NewYork . o« o o o o o o+ o ¥ 2,505,465 2,585,780 2,932,370 5,442,000 - 10,304,000 12,208,027
Pennsylvania . . . . . '3,436, 000 3,820,000 6,958,000 6,643,000 11,518,000 17,513,866
South Carolina . + o+ « + * ¢ 2,693,000 2,428,000 3,191,000 3,868,000 5,988, 000 7,620,000
Duties on imports ¥n dollurs.
1791. ] 1792, ’ 1793, ’ 1794, 1795. 1798, 1833.
Massachusetts . . . . . , . . .| 1,006,000 723,000 1,044,000 1,121,000 1,520,000 1,460,000 3,055,000
New York . . « . o . o, , , [ 1,334,000 1,173,000 1,204,000 1,878,000 2,028,000 2,187,000 10,713,000
Pennsylvanfa . ’ . 1,466,000 1,100,000 1,823,000 1,496,000 2,300,000 ‘2,050,000 9,907,000
gouth Carolina . P el e 523,000 359,000 360,000 661,000 723,000 " 66,000 389,000

B R b il i
(«) Doc- No. 330, H. R., 2 seasion 25th Congress. ~ Some ofits statements do not agree with those taken from McPherson, and previously quoted.
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and which, now turned to certain account, would hasten, as it had retarded, his voyage in a
wonderful degree.

Such, at the present day, is the degree of perfection to which nautical tables and instru-
ments have been brought, that the navigator may now detect, and with great certainty, 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 thermometer to the
Gulf Stream, the average passage from England has been reduced from upward of eight weeks
to a little more than four.

Seme political economists of America have ascribed the great decline of southern commerce .
which followed the adoption of the Constitution of the United States, to the protection given
by legislation to northern interests. But 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.

CHAPTER XI.
THE DEPTHS OF THE OCEAN.*

Btate of our Knowledge concerning the Depths of the 8ea when these researches-commenced, § 1565.—Results of former
Methods of Deep-sea Soundings not entitled to Confidence, § 166.—The deepest Soundings reported, § 157.—Plan
adopted in the Navy, §168.—Why the Sounding-twine will not stop running out when the Plummet reaches Bottom,
§ 169 —Indications of Under Currents, §160.—Soundings to be made from a Boat, §161.—Brooke’s Deep-sea Sounding
Apparatus, § 162.—Deep-sea temperature, § 163.—Rate of Descent, § 164.—~Deep-sea Soundings in the Tinited
Btates Steamer Arctic, §165.—Specimens from the Bottom, § 166.—The greatest Depths at which Bottom has been
found, § 167. '

155. PuiLosorHERS have greatly desired to ascertain the mean depression of the bed of the
Ocean below, as well as the mean elevation of the continental masses above, the sea level.
Humboldt, after much labor, gives the mean elevations of the continents: North America, 748
feet; South America, 1,151; Burope, 671; and Asia, 1,132.+ For Africa and Australia data are
Wanting. Laplace computed, according to theory and astronomical arguments, the mean
height of the continents to be about three times greater than the above by Humboldt. That
illustrious geometer,” says Sir John Herschel “was conducted to this erroneous result by
hypothesis as to the mean depth of the sea.”

The best theoretical deductions, however, indicate, according to Humboldt, “a small
fraction of the elipticity of the earth” as the mean sea depth, which can scarcely exceed four
or five miles. Up to the time when these researches, concerning the physics of the sea com-
Jenced the deepest sounding that had been attempted, was by Ross in 15° 3’ south, 23° 14
Wwest, with 4,600 fathoms, without, however, finding bottom.

Such was the state of our knowledge concerning the orography of the great sea floor of

Vide Maury’s Phjsical Geography of the Sea. Harper and Brothers, New York.
+ Cobmos, vol. ‘L.

156 M
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the world, when, the present system of dee-psea soundings was inaugurated as a branch
of physical research, connected with the “ Wind and Current Charts.”

Up to that time, the bottom of what sailors call “blue water” was as unknown to us as is
the interior of any of the planets of our system. Besides Ross, Dupetit Thouars with other
officers of the English, French, and Dutch navies, had attempted to fathom the blue water, some
with silk thread, some with spun-yurn, and some with the common lead and line. All these
attempts were made upon the supposition that when the lead reached the bottom, either a shock
would be felt, or the line, becoming slack, would cease to run out.

156. The series of systematic experiments recently made upon this subject, shows that
there is no reliance to be placed on such a supposition, for the shock caused by striking bottom
cannot be communicated through very great depths, and therefore it does not follow that the
line will become slack and cease to run out when the plummet reaches bottom. Furthermore,
the lights of experience show, that ,as a general rule, the under currents of the deep sea have
force enough to take the line out long after the plummet has ceased to do so. Consequently,
there is but little reliance to be placed upon deep-sea soundings of former methods, when the
depths reported exceeded eight or ten thousand feet.

Attempts to fathom the ocean, both by sound and pressure had been made, but in “ blue
water” every trial was only a failure repeated. The most ingenious and beautiful contrivances
for deep-sea soundings were resorted to. By exploding heavy charges of powder in the deep
sea, when the winds were hushed and all was still, the echo or reverberation from the bottom
might, it was held, be heard, and the depth determined from the rate at which sound travels
through water. But, though the explosion took place many feet below the surface, echo was
silent, and no answer was received from the bottom. Ericsson and others constructed deep-sea
leads, having a column of air in them, which, by compression, would show the aqueous pressure
to which they might be subjected. This was found to answer well for ordinary purposes, but
in the depths of “blue water,” where the pressure would be equal to several hundred atmo-

speres, the trial was more than this instrument could stand.
Mr. Baur, an ingenious mechanician of New York, constructed, according to a plan which

I furnished him, a deep-sea sounding apparatus. To the lead was attached, upon the principle
of the screw propeller, a small piece of clock-work, for registering the number of revolutions
made by the little screw during the descent; and, it having been ascertained by experiment in
shoal water, that the apparatus, in descending, would cause the propeller to make one revolution
for every fathom of perpendicular descent, hands, provided with the power of selfregistration,
were attached to a dial, and the instrument was complete. It worked beautifully in moderate
depths, but failed in blue water, from the difficulty of hauling it up if the line used were small,
and from the difficulty of getting it down if the line used were large enough to give the requisite
strength for hauling up.

But, notwithstanding these failures, there was encouragement, for greater difficulties had
been overcome in other departments of physical research. Astronomers had measured the
volumes and weighed the masses of the most distant planets, and increased thereby the stock
of human knowledge. Was it creditable to the age that the depths of the sea should remain
in the category of an unsolved problem? Beneath its surface was a sealed volume, abounding
in knowledge and instruction that might be both useful and profitable to man. The seal which
covered it was of rolling waves many thousand feet in thickness. Could it not be broken ?
Curiosity had always been great, still, neither the enterprise nor ingenuity of man had as yet
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proved itself equal to the task. No one had succeeded in penetrating, and bri‘nging up from
beyond the depth of two or three hundred fathoms below the aqueous covering of the earth,
any specimens of solid matter for the study of philosophers. -

The sea, with its myths, has suggested attractive themes to all people in-all ages. Like
the heavens, it. affords an almost endless variety of subjects for pleasing and profitable con-
templation, and there has remained in the human mind a longing to learn more of its wonders
and to understand its mysteries. The Bible often alludes to them. Are they past finding out?
How deep is the great and wide sea? And what is at the bottom of it? Could not the
ingenuity and appliances of the age throw some light upon these questions?

The government was liberal and its ministers enlightened; times seemed propitious; but
when or how to begin, after all these failures, with this interesting problem, was one of the
difficulties first to be overcome.

It was a common opinion, derived chiefly from a supposed physical relation, that the
depths of the sea are about equal to the heights of the mountains. But this conjecture was, at
best, only a speculation. Though plausible, it did not satisfy. There were, in the depths of
the sea, untold wonders and inexplicable mysteries. Therefore, the contemplative mariner, as
in mid-ocean he looked down upon the heaving bosom of the ocean, continued to experience senti-
ments akin to those which fill the mind of the devout astronomer when, in the stillness of the
night, he looks out upon the stars, and wonders.

Nevertheless, the depths of the sea still remain as fathomless and as mysterious as the
firmament above. Indeed, telescopes of huge proportions and of vast space-penetrating powers
had been erected here and there by the munificence of individuals, and attempts made with
them to gauge the heavens and sound out the regions of space. Could it be more difficult to
sound out the sea than to gauge the blue ether and fathom the vaults of the sky? The result
of the astronomical undertakings* lies in the discovery that what, through other instruments
of less power, appeared as clusters of stars, where, by these of larger powers, separated into
groups, and what had been reported as nebula, could now be resolved into clusters; that, in
certain directions, the abyss beyond these faint objects is decked with other nebulw, which
these great instruments may bring to light, but cannot resolve ; and that there are still regions
and realms beyond, which the rays of the brightest sun in the sky have neither the intensity
hor the force to reach, much less to penetrate. ‘

So, too, with the bottom of the sea, and the knowledge-seeking mariner. Thdéugh nothing
thence had been brought to the light, exploration had invested the subject with additional
illterest, and increased the desire to know more. In this state of the case, the idea of a com-
mon twine thread for a sounding-line, and a cannon ball for a sinker, was suggested. It wasa
beautiful conception ; for, besides its simplicity, it had in its favor the greatest of recommenda-
tions: it could be readily put into practice.

Well-directed attempts to fathom the ocean began now to be made, and the public mind
Was astonished at the vast depths that were at first reported.

157. Lieutenant Walsh, of the United States schooner Taney, reported a cast with the
deep-sea lead at thirty-four thousand feet without bottom. His sounding-line was an iron wire
more than eleven miles in length. Lieutenant Berryman, of the United States brig Dolphin,
Teported another unsuccessful attempt to fathom mid-ocean with a line thirty-nine thousand
feet in length. Captain Denham, of her Britannic majesty’s ship Herald, reported bottom in

* See the works of Herschel and Ross, and their telescopes‘
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the South Atlantic at the depth of forty-six thousand feet ; and Lieutenant J. P. Parker, of the
United States frigate Congress, afterward, in attempting to sound near the same region, let go
his plummet, and saw a line fifty thousand feet long run out after it as though the bottom had
not been reached.

The three last-named attempts were made with the sounding-twine of the American Navy,
which has been introduced in conformity with a very simple plan for sounding out the depths
of the ocean. It involved for each cast only the expenditure of a cannon ball, and twine
enough to reach the bottom. This plan was introduced as a part of the researches conducted
at the National Observatory, and which have proved so fruitful and beneficial, concerning the
winds and currents, and other phenomena of the ocean. These researches had already received
the approbation of the Congress of the United States; for that body, in a spirit worthy of the
representatives of a free and enlightened people, had authorized the Secretary of the Navy to
employ three public vessels to assist in perfecting the discoveries, and in conducting the
investigations connected therewith.

" The following circular order to the commanders of all vessels of the navy has been issued,
and is now in force.

CIRCULAR.

BUrREAU oF ORDNANCE AND HYDROGRAPHY, November 22, 1851.

158. Sir: Your attention is particularly invited to the accompanying Directions relative
to deep-sea soundings.

You will take care that they be diligently and faithfully carried out on board the vessel
under your command.

You will report, from time to time, to this Bureau, the latitude, longitude, depth, drift,
time, and all the circumstances connected with each cast, whether successful in reaching
bottom or not—stating the kind of sinker used, its weight, and whether the large or small
twine was used.

This order is to supersede that of June 1, 1850, on the same subject, and the Directions
given at pages 70 and 71 of Maury’s 3d edition of Sailing Directions, so far as they may conflict

with these.
Respectfully, your obedient servant,

C. MORRIS,

Chief of Bureau.
ApprovED : WILL. A. GRAHAM,

Secretary of the Navy.
To

Instructions for using the Sounding-Twine.

The- twine for deep-sea soundings is of two sizes; the smaller size is intended to be used
when no attempt is made to bring up specimens from the bottom. It is calculated to bear 60
pounds’ weight in the air; it is about seven-hundredths of an inch in diameter, and measures

180 fathoms to the pound. It is marked at every 100 fathoms, and furnished on reels containing
10,000 fathoms each.
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The larger size is to be used for bringing up specimens. It is calculated to bear a weight
in the air of 150 pounds; it is about one-tenth of an inch in diameter, and measures about 80
fathoms to the pound. It is furnished on reels of 5,000 fathoms each.

It is desired, as a general rule, to have one deep-sea sounding only for every space of five
degrees square, on a chart which is constructed with its meridians-and parallels drawn only for
every five degrees of latitude and longitude respectively.

The spaces in which deep-sea soundings have been made in the North Atlantic Ocean are
shown on Plate XI, It is desirable to have the soundings on that Plate with a note of intero-
gation after them, verified. '

Attempts should be made to bring up specimens of the bottom whenever practicable ; for
this purpose, the large twine should be bent on to Brooke’s deep-sea sounding apparatus.

A small Stellwagen cup attached to the bolt of Brooke’s lead, may be substituted with
advantage for the arming. (Quills have been found to answer much better.—Vide p. 122.
M.F. M)

After a little experience, the officer charged with making ‘deep-sea soundings will, it is
thought, acquire skill enough, especially when the sea is not more than 2,000 fathoms deep, to
bring up specimens with Brooke’s apparatus and the small twine.

When the small twine is used without a Brooke’s apparatus, double it for the first 200
fathoms, and use two 32 Ib. shot as the sinker ; when the shot reaches the bottom, the boat
may ride by it, until the surface current shall be determined, when the line should be hauled
in until it parts. .

The sounding should in all cases be taken from a boat, and not from the vessel The boat
with its oars-can be kept over the line, whereas the vessel will drift.

For deep-sea temperatures, a self-registering metallic thermometer should be used, especially
at great depths. When no metallic thermometer is on board, then a resort to a non-conducting
cylinder for bringing up the water should be had.

Approved : C. MORRIS.
December 17, 1853.

Directions for taking Deep-sea Soundings.

The information acquired from experience upon the subject of deep-sea soundings, enables
e to say that I now consider it as practicable to fathom the greatest depths of the ocean,
Whatever they may be, as it is to sound out one of our bays or harbors.

Lieut. Walsh’s experiments in the Taney satisfied me that no reliance could be put upon
results obtained by sounding at great depths with wire. His great sounding, therefore, was
‘ost valuable and important, for it led the way to the use of twine.

159. It was thought that, upon the new plan, the common wrapping thread or twine used
in the shops would answer for deep soundings. For it was supposed that bottom might be
reached always and at any depth, especially in calm weather, simply by fastening the end of
twine from such a reel to a common 32 Ib. shot, throwing the shot overboard, and then paying
out the twine as fast as the shot would take it from the reel. When the shot reached bottom,
it wag supposed that the line would stop running out; and then, cutting the thr ead, and seeing
how much was left on the reel, the depth would, it was thought, be ascertained.
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This required the loss of the shot and the twine, but they were cheap ; for it was supposed
that a mere thread, which had strength to hold together, would be strong enough.

But the experiments of Lieut. Wm. Rogers Taylor, on board the Albany, Captain Platt,
(a full accouut of which is contained in the 5th edition of this work,) proved these notions to
be wrong. The casts for deep-sea soundings, made on board that vessel, showed that it required
twine of considerable strength for the purpose.

160. The existence of a physical state of things which bears upon the question was also
suggested by Taylor’s experiments; and that is, the probable existence in all parts of the sea
of one or more under currents. In other words, these deep-sea soundings appear to confirm
what I have been endeavoring to maintain in the chapter on the “Saltness of the Sea,” and
elsewhere, viz: That the ocean has its system of circulation, so ordered that its waters, whether
at the surface or in the depths below, are seldom or never at rest; that this circulation is all-
pervading, and perpetual, and is as constant in thé horizontal as it is in the vertical direction.

This system of circulation commenced on the third day of creation, with the “gathering
together of the waters,” which were “called seas,” and doubtless will continue as long as sea
water shall possess the properties of saltness and fluidity.

The confirmation which the experiments in sounding out the depths of the ocean seem to
afford for this conjecture, is derived from the inference, in the first place, that I draw from the
experiments which, in a few cases, have been made in sounding at the same place, first with one
and then with two 32 pound shot as a sinker. The results as to depths have been accordant ;
but invariably the depth, as given by the fwo shots is a little less than by one. The two shots
sink faster than the one, the bight of the line in the former case, therefore, is not exposed s0
long to the action of the under currents; consequently, it is not swept so far out of the
perpendicular with the two as it is with but the one shot.

In the next place, a degree of confirmation as to the correctness of this conjecture is
afforded by the fact that, though the shot may reach the bottom, the line has, in no instance,
ceased for any considerable length of time to run out; and, moreover, that after the shot has
landed, there is, at very great depths, such a force brought upon the line, if it be held, as
always to part it.

Imagine a line two or three, or four miles long, hanging perpendicularly in the ocean,
that the plummet to which it is attached has reached the bottom, and that there be one or
more under currents moving in opposite or different directions, and operating upon it. They
would operate with what sailors call a “swigging force,” and that, too, with a power which no
line would be strong enough to withstand for any considerable length of time.

Thus the importance of strong twine was pointed out ; and it was also discovered that, to
know when the shot had reached the bottom, it was necessary to time the intervals which were
occupied by given lengths of line in going out. The most convenient lengths for this purpose
are lengths of 100 fathoms each; and as mark after mark, which denotes these 100 fathoms
lengths, passes from the sounding-reel, the time per watch is as carefully noted, by the officer
who makes the sounding, as it should be if he were taking sights for the chronometer.

The soundings by the Albany, and others, were made from on board ship. In the first
place, it was rarely that an opportunity favorable enough for a good cast from on board ship
occurred. Moreover, the complaint was almost universal throughount the service of bad
twine. Attempts to sound from the vessel were so often frustrated by the parting of the line,
that officers were very much deterred from the trial. These failures were disheartening.
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Furthermore, when the ship was hove to for the purpose, as the Albany frequently was,
there was not only the drift of the ship to be taken into account, but the question as to the
result still remained to perplex. Had the bottom been reached? And if so, was there any
certainty that the depth was what the experiments seemed to indicate? Certainty as to this
was greatly impaired 'by> inequalities in the times of running, caused by the change in the rate
of motion of the vessel as she “came up and fell off.”

Such was the amount of our experience upon the subject of deep-sea soundings when
Lieutenant S. P. Lee was ordered to the command of the Dolphin. '

With characteristic energy he set about making preparations for this new service. His
first business was to give the twine, furnished for deep-sea soundings, a thorough examination.
He carefully overhauled, tested, and tried several hundred thousand fathoms. Much of it he
found so defective that it had to be rejected, and the vessel detained until better could be
pr‘ocured. It was well he did so ; for although the line with which he proceeded to sea was
better than that which was rejected, nevertheless, experince proved that much of it, though
new, was not strong enough. Its average strength was not even then sufficient to bear a
weight of fifty-five pounds, nor was it all quite of the same size, as it should have been.

161. When he got to sea, he determined not to sound from the vessel at all, but to use
a boat for sounding altogether.

A BOAT SHOULD ALWAYS BE USED.

At first Lee encountered many unexpected difficulties ; but with industry, his ingenuity
and perseverance, these, one after another, were overcome, until the way was made plain, and
the operation stripped of a vast amount of the uncertainties which had impaired, to a greater
or less extent, the value of all the results hitherto obtained.

In the first place, though the small twine, furnished for the deepest soundings, would,
much of it, bear a weight of seventy or even eighty pounds, yet, when he came to attach to it
a thirty-two pound shot, to throw the shot overboard, and let it take the line from the reel as
fast as it would, he found the line would part.

He then resorted to the expedient of doubling and even of trebling the line for the first
two or three hundred fathoms. Thus, the parting was prevented. He found, moreover, that
the operation was greatly facilitated by watching the trending of the line from the bows of
the boat, and, with one or two oars of a side, directing the men how to pull, in order to keep
the line “up and down.” :

Accordingly, we find him, when he first put to sea, occupied for more than a month, availing
himgelf of every opportunity for sounding during the interval, and making, day after day,
Unsuccessful attempts.

Finally, he succeeded in getting out seventeen hundred fathoms without parting. Bottom
Was reached at this depth.

Out of the first seventeen casts that were made, this was the only successful one.

He was now in the fair way to get at the secret. The plan is to double or triple the line
for the first threo' hundred fathoms ; and, instead of letting the shot take it as fast it will, ang
50 bring up occasionally with a violent jerk and parting—and this, as experience abundantly
Proves, is very liable to be the case, particularly at the first going off, when the shot ig sinking
rapidly—Lee also adopted the expedient of keeping a gentle strain on the line at first ; and
this wag accomplished by allowing a little friction to be applied to the reel, so that it would
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not, for the first three hundred fathoms, give the line to the shot quite as fast ‘as the shot
wanted to take it. :

An important part of the plan, also, was that of keeping the boat, by means of a couple
or more of oars, perpendicularly over the shot. To be sure that he had reached bottom, he
on several occasions repeated the trial, using in this case two instead of one thirty-two pound
shot for a sinker. The result was the same agreement as to depth.

Success crowned his efforts so far, and he now began to have such confidence in his
results—for the mark of each successive hundred fathoms, as it went out, was carefully timed—
that, with his shot on the bottom at the depth of three or four miles, he would use it as an
anchor, ride by it in his boat out there in mid-ocean, while the force and set of the surface
current, out upon blue water in the open sea, were accurately determined. This was the first
time that such a thing had been done. .

Thus, the egg was made to stand upon its end, and the plan of deep-sea soundmgs finally
adopted, and now in practice, is this: Every vessel of the navy, when she is preparing for
sea, is, if her commander, or, with his consent, any officer on board will pledge himself to
attend to the deep-sea soundings, furnished with a sufficient quantity of sounding—twiné,
carefully marked at every length of one hundred fathoms—six hundred feet—and wound on
reels of ten thousand fathoms each. It is the duty of the commander to avail himself of every
favorable opportunity to try the depth of the ocean whenever he may find himself out upon
“blue water.” For this purpose, he is to use a cannon ball of thirty-pounds as a plummet.
Having one end of the twine attached to it, the cannon ball is to be thrown overboard from a
boat, and suffered to take the twine from the reel as fast as it will ; and the reel is made to
turn easily.

When Lieutenant Berryman took charge of the brig, and went to sea, of course he availed
himself of Lee’s experience, and commenced where Lee had left off.

162. But there was still one thing wanting : for Lee and his predecessors had no positive
evidence that the plummet had reached bottom ; and hitherto, the plan had not contemplated
the bringing up of specimens of the bottom, inasmuch as the hauling up of the shot from such
great depths was regarded as an impracticability.

In this stage of the matter, Passed Midshipman J. M. Brooke, a clever young officer, who
was at the time doing duty at the observatory, proposed to me a contrivance by which he
thought the shot might be detached as soon as it touched the bottom, and specimens brought
up in its stead.

The following letter explains the instrument as it has been recently perfected by him :

‘W AsHINGTON, November 9, 1857,

"

Dear Sir: I herewith send you a description of the “ deep-sea sounding lead,” (Plates VII
and VIII) so arranged as to avoid some of the difficulties that heretofore attended its use by
those who had not given the subject much consideration.

This form of one arm possesses many advantages over that of fwo; for instance, in the
latter form, if one arm discharges before the other, the whole apparatus immediately inclines
and hangs firmly suspended from the remaining arm, which then becomes a mere hook,
rendering detachment difficult ; and thus accident is particularly apt to occur when long leads
and long slings are used.  Again, the arms not lying in the same plane, but connected by a
single span, cause rotation of the lead in its descent ; so that should it be desirable at any time
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to experiment with indicators, such as have been applied, depending upon rotation of a pro-
peller shaped wheel, no dependence could be placed upon their performance. And, again, the
two arms may be prevented from turning down by the twisting of the span above them, as
swivels do not always turn when subjected to heavy strain, such as they experience at great
depths in towing down the line. The present form presents a light rod which, with small
twine, may be easily recovered from the greatest depths. ,

In some instances the instrument has been so altered by gxperimenters as to seriously impair
its efficiency in sounding to moderate depths, and to effectually prevent successful detachment
or recovery in depths but little exceeding two and a half miles.

It is essential that a deep-sea sounding apparatus should detach the weight, used to sink
the line, with certainty on reaching hard or soft bottom.

That the rod should be light enough to admit of easy recovery with small twine, so light,
in proportion to the area of its base, as to enable it to perform its function of tripping the arm
and throwing off the weight on soft bottom.

In some instances, however, rods weighing ten or twelve pounds have been used for this
purpose, with appendages adding six or seven more. Such arrangements involve the use of
large line, and consequent loss of time; for we do not gain strength in proportion to the
increase of friction, by enlarging our lines. Of such lines as are used, experiment shows that
a given length of smaller may be drawn more rapidly through the water without breaking than
an equal length of larger line. This increase of time and difficulty of recovery, even from
depths of two and a half miles, together with the tendency of such compound instruments—to
deflection from the vertical line of descent, and the fact that the indicators used in this con-
nexion are unreliable under any circumstances, even in the favorable depth of 160 fathoms—
(see remarks of Capt:xin E. Belcher, “ Nautical Surveying,” page 19,) leads to the conclusion
that such arrangements are injudicious, and not calculated to promote the progress of this
branch of research, further than as illustrating the importance of exercising a just discrimina-
tion in altering and compounding instruments.

Very respectfully, your obedient servant,

L4

J. M. BROOKE,
Lieutenant United States Navy.

Lieutenant M. F. Maury, U. S. N,,
Superintendent National Observatory, Washington, D. C.

EXTRACT FROM BELCHER’S NAUTICAL SURVEYING, WITH APPLICATION.—J. M. B.

“The general use of the patent log in surveying operations is of itself a proof of its value.”
“The patent sounding machine does not stand in such repute as the last. At one time I
strongly defended it on the firmest reliance on its mechanical principles. Constant practice,
however, has caused me to change my mind; but I think that it is worthy of the attention of
the inventor. If it is to be made use of, and very carefully it must, the wings should be as
decidedly large as those of the log. It never can travel so fast, and, therefore, ought to be
larger. I tried some experiments with one of these machines in 1830 ; the rotator burst at
156 by the index; therefore, the tube ought to be plugged with care, dipped in wax. Although
Dot a favorite in surveying, I should be sorry to detract from its merits; but in surveying
Operations time is too valuable to sacrifice, when we know that above a certain depth we must
8top the line or sacrifice the instrument, as we know the rotator must burst below 160 or
Ceage.” v ‘ k

16 M
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“The first part of this quotation, ¢ continues Brooke,’ is still applicable, as the wings are of
diminutive proportions. As Captain Belcher was limited to depths not exceeding 160 fathoms,
and had constant practice in such sounding, when the lead sinks rapidly, his objection applies
with conclusive force to the use of this instrument in deep-sea sounding, when the legd, in most
instances, even with the smallest twine, sinks with a velocity of less than one mile an hour
towards the latter part of its descent.” '

Plate VII, figure 1. Detaching apparatus. Figure 2. Lead ready for sounding.

Plate VIII, figure 3. In act.of detaching. Figure 4. Slings.

A is a shot cast with a hole through it, and slight grooves on its sides to receive and steady
the slings E.

B is a rod to which is attached an arm C.

C is an arm moving vertically about the pin D, and from which the shot A is suspended
by slings E. -

E slings and washer which are thrown off with the shot.

. The lower end of the rod B is tubular, receiving the barrels of several goose quills, open
at both ends, retaining their places by their elasticity.

F is a valve of thin leather opening outward, it permits the water to flow through the
quills (Q) as the rod descends, but, closing as it is drawn up, preserves the specimen intact.
This provision for the escape of the water permits the entrance of the specimen and guards
against the capture of infusoria or substances suspended in the water which would depreciate
the value of the specimen by leading to false conclusions.

The proportions of this instrument are such that when the shot is suspended from the arm
C, the point of contact X, the point of suspension Y, and the point of resistance Z, all lie in the
same vertical line ; the weight of the rod B will then give the arm C a slight inclination, which
with the friction of the water on the line, holding it back, guards against premature detachment.

It is obvious that the sensitiveness of this detaching apparatus will depend upon the
relative positions of these thrge points; for the arm C may be regarded as a lever of the
second order with its fulcrum at D; the gravity of the shot as the power acting upon the
resistance of the line. So that by increasing or diminishing the distance of the ring H from
the pin D, the detachment is rendered more or less difficult.

In order that change of position in the arm G, as it yields to the pull of the shot in the
act of detaching, may not interfere, it is so made as to permit the ring to slip back as the arm
inclines, as shown in figure 3. ‘

On soft bottom it should work as well as on hard, for it is only necessary that there shall be
a retardation of the descent of the rod, while the heavier shot continues to descend into the
mud, to cause the turning of the arm and discharge of the shot.

Before using the instrument the operator may test its sensitiveness and adapt it to the
depth of water ; in deep sounding it should be so delicately adjusted as to act upon the slightest
touch, and should be eased down for the first fifty fathoms or more.

The quills are cut as for figure (Q,) with the cut downward, and then several of them
are wedged into the cell or holder. The advantages of this arrangement are, we have more
abundant specimens than an ordinary arming will bring up, and then we have the gratification -
of sending them, for further examination and study, to the microscopist, free of grease or soap

—a great def’idemtumz This saves him trouble, also, and enables him to place the specimens
on his slides in the best condition possible.
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The double armed detachment, as originally designed and described in previous editions
of this work, required, as experience demonstrated, nicety of construction and manipulation to
insure its working. These it did not always get; hence the improved model now presented.
If the slings in the old plan were short, they would prevent the arms from opening to let the
shot go ; or, unless the shot was attached with the arms well spread, so as to be almost ready
to let go when the shot was first lowered into the water, the shot would often fa11 to be

tripped on reaching bottom.

Brooke, therefore, in a note to me, adds this caution, which may be useful to those who
still use the double-armed detachment :

“I have already, in a previous communication, called your attention to the errors com-
mitted in the construction of this detaching instrument by various persons, and I trust that
you will call attention to the fact, that the principles which were observed in the construction
of the original instruments have been disregarded in such instances of imitation as have fallen
under my observation.

“In the construction of the apparatus with two arms, the points of attachment of the span
should be directly over the points of attachment of the slings which support the weight; and the
arms should set nearly at right angles to the rod, with a span several feet in length attached by
a swivel to the sounding line.

“A spherical weight is to be preferred, and the rod should only be long enough to admlt
of a projection of four or five inches below the weight.

“The sensitiveness of this instrument, with a light and proper rod, depends altogether
upon the inclination of the arms and the relative positions of the points alluded to with
reference to the axis on which the arms turn; and as these arms may be considered levers,
with fulcrums at the axis, admitting of change from the second to the third order, the gravity
of the suspended weight is the power, and the resistance of the line from friction of the water
1s only to be thus overcome.

“The form of one arm, Plates VII and VIII, is intended to guard against these errors of
construction and adjustment.”

With this apparatus, Brooke has obtained specimens in the Pacific from the depth of
3,500 fathoms, (21,000 feet.) Midshipman John G. Mitchell, of the Dolphin, and the men
employed with him, became so expert during her cruise of 1858—always doubling the line
for the first 300 fathoms, applying friction to the reel at first, so as to offer a little resistance
to the shot for that depth, and: keeping, with the help of the oars, the line up and down—that
failure to get bottom seldom occurred, unless in cases where the twine had been inj‘}fed by
the mice, or damaged by lime getting upon it in the hold.

The sounding-twine is now made in the Boston Navy Yard. To have it so » made has been
found the most economical. That which was furnished to the Dolphln; when Lieutenant Lee
had her, was bought ready made. The strength of the wealest part is the strength of the
whole ; and so inferior did much of it prove, that, though he expended upwards of 140,000
fathoms of twine, and 116 32-pound shot, in attempting to sound, only 73,000 fathoms of this
Quantity, and 30 shot, were actually employed in getting bottom ; the rest were lost by the

- Parting of the line, &c.

Commodore Morris has (by his instructions, as given on page 117) directed the small
twine to be made strong enough to bear a strain of 60 pounds. It weighs about 1 pound per
180 fathoms, and is put on reels of 10,000 fathoms.
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The large twine will bear a weight of 150 pounds. It is put up for use ‘on reels of
5,000 fathoms. This is the twine to be generally used with Brooke’s apparatus. '

Seeing that, for success in deep-sea soundings, so much depends upon the interest which
the ‘officer charged with the sounding feels in the matter, it has been decided to give twine
to those vessels only that have on board some one or more officers who will voluntegr to
undertake a series of deep-sea soundings.

An outfit of sounding materials will be supplied to any vessel, either upon requisition of
her commander, or at the request of any officer on board, who is willing to undertake a series
of deep-sea soundings. (Such requisition, I am sorry to say, is rare.)

As to the modus operandi in sounding, officers are referred to what has already been said,
and they are reminded that uniformity of method is of great consequence. Always use the
same twine and the same weight ; always time every one hundred fathoms ; always keep the
line up and down, and always sound from a boat. The experience of the Dolphin is in favor
of two 32-p6und shot, or one 64, as a sinker for the small-sized twine. Her soundings, par-
ticularly those taken by Mitchell during her last cruige, are referred to by way of examp