NO. 1.
AN ESSAY OX THE WINDS AND THE CURRENTS OF TIE OCEAXN,

BY W, FEKREL, A, M, OF NASHVILLE, TENNESSEE,
[Reprinted {vom *° Nashviile Jourpal of Medicine and Savgery,” Vol «i, Noso 4 anid 5. October and November. 1856, ]

Tntroduction.—The earth is surrounded on all sides by an exceedingty rare amd elastic body,
called the atmosphere, extending with a diminishing density to an unknown distance into space, but
pressing upon the carth with a force equal to that of a homogeneouns atmosphere five and a hal{ miles
high, It is also partially surrounded by the ocean, which is ot a very variable depth, and known to
be, in many places, more than four miles. If the speeific gravity ot the atmosphere and of the oceun
were everywhere the same, all the forces of gravity and of pressure which act npon any part of them,
would be in exact equilibrium, and they would {orever remain at rest.  But as some parts of the earth
are much warmer than otbers, and air and water expand and become rare as their temperature is
inereased, their speeific gravities ure not the same in all parts of the earth, and hence the equilib.
rium is destroyed, and a system of winds and currents is produced. It is proposed in this essay to
inquire into the effects which are produced, both in the atmosphere and in the ocean, by this dis-
turbance of equilibrinm, and by means of a new force which has never been tuken into account in
any theory of winds and currents, to endeavor to account for certain phenomena in their motions,
which have always been u puzzle to meteorology aund hydrology. As there are some uncertain data
connected with the subject, such as the amount of the disturbing force, the effects of continents,
friction, ete., which render a eomplete solution of the problem impracticable, we shall aim at giving
a popular explanation of observed phenomena rather than a cowmplete solution of the problem; yet
we shall give the result of some calculations, based upou kunown data, or at least upon very reason-
able hypothesis, which will show that the causes which we have given are adequate to the effects
which are attributed to them. We shall divide the subjeet into two parts, aud treat, first, of the
winds, and secoundly, of the currents of the ocean.

The motions of the atinosphere.—From about the parallels of 28° on each side of the equator the
winds on the ocean, where they are not influenced by any local causes, blow steadily towards the
equator, having also a western motion, producing what ure valled-the north-east and south-east trades.
At the mecting of’ these currents near the equator there is a calm called the equatorial calmn-belf, or
doldrums, where the air rises ap and flows in the upper regious towards the poles, nutil it arrives near
the parallels of 28°, where it is met by an upper curvent flowing from the poles. THe meeting of these
upper currents produces an accuwmnulation of atmosphere {rom under which the air fows out in both
directions on account of theincreased pressure; a stroug and steady current, as we bave seen, towards
the equator, and another not so stroug and somewhat variable over the middle Iatitades, towards the
pules, having at the same time an eastern motion, and producing what are called the passage-winds.,
As this current flows at the surfuace towards the poles, it gradually rises up and retarns in the upper
regions rowards the equator, meeting the upper current from the equator near the tropics as has been
stated. .

Such are the general motions of the atmosphere as laid down by Lieutenant Maury, and as
represented in his diagram of the winds.* But there are nonmerous observations which have been
made in very high latitudes both in the north and the south, which show that the currents flowing
over the middle latitude tewards the poles, do not extend to the poles, but that the atmosptiere above
a certain latitude, has a tendency to flow from the poles, producing auother meeting of the air at the
surface near the polar circles similar to the one at the equator, except that the currents are compara-
tively feeble and consequently the belt of meeting not so well defined, and that here also the air rises

» Physical Geography of the Sea, page 70,

Supplied by The British Library - "The world's kngWIedgé"




8 WINDS AND CURRENTS OF THE OCEAN.

up and flows each way in the upper regions
towards the equator and the poles. “8ir
J.Ross has shown that there is a large preva-
lence of north winds over the southern ones
in the midde of North Awerica as low down
as Iatitwde 70° and longitude 91° 387 west,
not merely in winter, but in every month
in the year. The northern winds were not
only more than double as tregnent as the
southern, but more thau double as strong; §
and he also found sonthern winds largely to
predominate in latitude 77° south.”™* It §g
then there svore no continents, or other local i
causes of disturbance, the motions of the §
atmosphere would be as vepresented in the
following diagram, in which the direction
of the wind is represented by the arrows,
and the external part of which represeuts
the motion of the air in the plane of the
meridian. This system, however, is tfound
to prevail on the ocean only, and is very "
much interfered with in other parts on account of local causes of disturbance, especially in the
northern hemisphere, where the uniformity of the earth’s snrface is most interrupted by land.

The pressure of the atmosphere.—The atmospliere everywhere presses upon the surface of the earth
with « force equal to the pressure of v column of mercury of nearly thirty inches in height. This pressure,
however, is not the same in all parts of the cavth, but varies in different latitudes as well as from
tocal causes. The barometer stands highest about the border of the trade-winds, and is abont 0.25 of
an inch Tower at the equator, and seems to stand the lowest about the polar cirele, where a very
remarkable depression has been observed in many places. “Ttis a singnlar fact,” says Mrs. Somer-
ville, (page 268) *¢ discovered by our navigators, that the mean height of the barometer is an inch
lower throughout the Antarctic oeean and at Cape Horn, than it is at the Cape of (Good Hope, or at
Valparaigo,” A similar depression has likewisc been observed near the sea of Okhotsk in castern
Siberia. It also appears from the tables of the South Sea Exploring Expedition, by Captain Wilkes,
that the barometer stands lowest near the polar circle, wlhere it stands at a mean of about twenty-
unine inches, and higher both north and south of it.  After examining various authorities and all the
civcumstances connected with this subjeet, Professor Espy comes to the conclusion, that ¢ there are
three belts where the barometer stauds below the mean, with almost constant rain and snow—one
near the equator, one near the arctic cirele, and one near the antarctic circle, and that these belts
change their latitudes some degrees with the seasons, following the sun; and also that there are,
certainly two belts in the outer borders of the trade-winds, where the barometer stands above the
menn, and almost certainly two regions morce—one around the north pole and the other around the
gonth pole—where the barometer stands above the meun.” 1t also appears from o great many obser-
vations mude at ditferent places on the Atlantic, at the level of the ocean, that the barometer stands
more than half an inch lower at the aretic circle, than it does at the onter limit of the trade-winds,
and that there is also a considerable depression at the equator.t

The forces concerned in producing the motions of the atinosphere.—There are fonr principal forces
which must be takeu into account in a correet theory of the winds, The first avises trom a greater
specific gravity of the atmosphere in some places than others, on acconnt of a difference ot temper-
ature and of the dew-point; for, when it becomes heated or charged with vapor in any place to a greater
degree than at others, it becomes specifically lighter, and hence, the equilibrium is destroyed, There
is a flowing together, then, of the heavier air on all sides, which displaces the lighter air, and causes
it to rise up and flow out in a contrary direction. This is the primum mobile of the winds, and all the
other forces concerned are dependent upon it for their efficiency. A second foree arises from the
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WINDS AND CURRENTS OF THIE OCEAN. 9

tendeney which the atmosphere has, when, from any canse, it has risen above the general level, to flow
to places of a lower level. These two preceding forces generally produce counter-currents. Again,
when, from any cause, a particle ot air has been put in motion toward the north or south, the combi-
nation of this motion with the rotatory motion of the earth produces a third foree, which causes a de-
flection of the motion to the east when the wmotion is toward the north, and a deflection toward
the west when it is toward the south, This is the same as one of the forces contained in La Place’s
general equations of the tides, the analytical expression of which is 2 nur sin. { cos. I; | being
the latitude; «, the motion of the earth at the equator; u, the velocity of the particle north or
south; and r, the radius of the earth, The fourth and last toree arises from the combination of a
relative east or west motion of the atmosphere with the rotatory motion of the carth. In con-
sequence of the atmosphere’s revolving on a common axis with that of the earth, each particle is
impressed with a centrifngal force, which, being resolved into a vertical and a horizontal tforce, the
latter causes it to assume a spheroidal form eonforming to the figiure of the earth. Buf, it the rotatory
motion of any part of the atmosphere is greater than that of the surface of the earth, or, in other
words, if any part of the atmosphere has arelative eastern motion with regard to the earth’s surface,
this force is increased, and if it has a relative western motion, it is diminished, and this difference
gives rise to a disturbing force which prevents the atmosphere being in a state of equilibrium, with a
fignre conforming to that of the earth’s surface, but cuuses un accumulation of the atmosphere at
certain latitudes and a depression at others, and the consequent ditference in the pressure of the
atmosphere at these latitudes very materially influence its motions. This force is also expressed
by one of the terms of La Place’s cquutions, the analytical expression of which is 2 nuwr sin. I; »
being the relative castern or western velocity of the atmosplere,

Hadley’s theory.—This theory, which is the commonly received theory of the trade-winds, and
with which the reader is no doubt familiar, is based upon the first three forces only given above, no
acconnt being taken of the fourth. But as it may be seen from the analytical expressions of the last
two forces given above, that the latter is greater than the former, and the east and west motion of
the atmosphere depends npon the former, we have reason to suppose that the latter also may have a
very considerable effect, and that it should be taken into account in a correct theory of the winds.
Accordingly we see that although Hadley’s theory furnishes an explanation of the trade-winds, yet
it does not account for many other remarkable phenomena in the motions of the atmosphere, but
even requires motions to satisty it entirely at variunce with them. According to this theory, there
should be & current on the surface of the earth from the pole to the equator in a kind of loxodromic
apiral, and a similar connter-corrent in the npper regions from the eguator towards the poles. The
barometer also shonld stand highest at the poles where the air is coldest and most dense, and gradu-
ally fall as it is bronght nearer the equator. But both of these, as we have shown, are contrary to
observation. The position slso of the exterior limits of the trade-winds near the parallels of 28°, the
flowing of the atmosphere in the upper regions from both sides towards these parvallels, and a low
barometer near the polar cireles, cannot be explained by this theory, and have not becen satisfactorily
explained by meteorologists. It is trne Professor Espy says the highness of the barometer near the
parallels of 23° is owing to the lowing over of the atmosphere which rises up at the equator; but this
overflow of atmosphere could have no tendency to accumulate at these parallels, since it evidently
would flow on gradually towards the poles to supply the dranght cauvsed by the flow towards the
equator, as this theory requires. He also assigns as a cause of the low barometer about Cape Horn
and the antarctie circle, the abundant rains which prevail there and the cousequent disengagement
of ealorie, which rarefies the atmosphere there. But, if the belt of calms and rains near the equator
is cansed by the barometer’s standing lower there than at the outer limit of the trade-winds, which
canses a flow of atmosphere there at the surface, and, if raing generally in any region, according to
Professor Espy’s own theory of clonds and rains, is caused by a low barometer there, and a conse-
quent flowing in from all sides and a rising up of the atmosphere, then the lowness of the barometer
in these regions must be the cause of the rains, and not the rains the cause of the lowness of the
barometer, as will appear for other reasons.

We shall now undertake to show that all these phenomena, and others conuected with storms,
which have never been accounfed for by any theory, may be satisfactorily accounted for by taking
into account the fourth force given above,

Why the outer limits of the trade-winds are near the parallels of 28°.—IXf from any cause the atmos-
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10 WINDS AND CURRENTS OF THE OUCEAN,

phere receives a motion either towards or from the poles, the action of the third force above, causes
a deflection of it towards the east, as it moves towards the poles, and towards the west as it moves
towards the equator; and as the prime moviug cause of the principal currents of the atmosphere has
a tendeney to cause it to flow towards and from the poles, the general result is, that towards the
poles the atmosphere has a motion towards the east, but near the equator towards the west. But
from the principle of the preservation of arcas, the sum of the products of all the particles of the
atmosphere, multiplied into their velocities and their distances from the axis of revolution, cannot be
changed by the action of a central force, or by the mutual action of the particles upon each other;
hence the sum of the products of each particle into its distance from the axis, aud into its relative
castern velocity, must be equal to the sam of similar products, taken with regard to the particles
having a relative western motion. But, as the portion of the atmosphere having a relative castern
motion, is nearer to the axis than that which huas & relative western motion, and as the part of the
atmosphere between the parallels of' 30°, comprises once half of the whole, the part having a western
motion, inasmuch as it is further from the axis, must be somewhat less than the part comprised
hetween these parallels, in order to make the products equal, unless the relative velocity of the part
having an easterly motion is very much greater. Hence, the dividiug lines between the portions of
the atmosphere having a relative east and west motion, must be within these parallels; and, as the
outer limits of the trade-winds depend upon those lines, they must alse fall within these parallels;
and they are accordingly found to be about the parallels of 28°.

The cause of high barometer about the parallels of 23°, and the low barometer at the polar cireles.—
The greater pressure of the atmosphere at the parallels of 28° than at the equnator and the polar cir-
cles can only be caused by an accumulation of atmosphere there. This accumulation results, neces-
sarily, from the action of the new force which we have introduced into the theory of the winds. For,
as we have seen, all the atmosphere between the pacallels of 28° and the poles has, and, according to
theory, must-have, a general eastern motion; and this gives such a value to the analytieal expression
of the fourth force, enumerated above, as to cause the atmosphere to recede from the poles toward the
equator, Buat the western motion of the atmosphere bLetween the parallels of 28° gives that
expression a negative value there; and, hence, this force causes the atmosphere to recede from the
equator, also. This force, then, has a tendency fto cause the atmosphere in the upper regions to recede
both from the poles and the equator, and to accnmulate about the parallels of 28°, and; as it may
seem by merely inspecting the expression of this forece given above, that for the same value of %, or
motion of the atmosphere east or west, this force is much greater toward the poles than it is near the
cguator, it causes w considerable depression of the atmosphere at the poles, and only a slight one at
the equator, as represented in the diagram. The amount of this elevation and depression is not indi-
cated entirely by the barometer, for the height of the barometer depends upon both the height of the
atmosphere and its density. Therefore, as the atmosplere is much denser at the polar circles than
at the parvallels of 28°, on account of its being much eolder, the accumulation of atmosphere at these
parallels and its depression towards the poles, must be considerable to cause the barometer to stand
higher at these parallels than at the polar cireles.

We shall now give the results of some caleulations, based upon a reasonable hypothesis, which
show that this new foree introduced is entirvely adequate to produce an aceumulation of atmosphere at
the parallels of 28°, and a depression of it at the poles to sneh an amonnt, that the difference in the
height of the barometer at the parallels of 28° and the polar circles, may corvespond with observa-
tions. As friction is a very important element in calenlations of the motions of the atmosphere, and
ity effect cannot be determined, it would be impossible to calculate the motions of the atmosphere
from the forces which act upon it, if they were even accurately known. We will therefore assume
certain motions of the atmosphere, which are knowun not to vary moch from observation, upon which
we will base our caleulations. 1f we assume that the east and west motions of the atmosphere. m‘a-y
be represented by the expression 2 sin. § p cos. § pv, p being the polar distance of the place, it would
make these motions vanish at the poles and at the parallels of 30°, and we have reason to think, wonld
pretty well represent the motions of the atmosphere east and west at all latitudes except ncar the
equator, where it would make it a little too great. Upon thix assumption it may be shown by caleu-
lations, the results of which only can be given here, that if v, or the maximum east or west motions
of the atmosphere, were only ten miles per hour, it would cause a heaping up of the atmosphere near
the parallels of 28° which would make the baremeter, if the atmosphere were everywhere of the same
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WINDS AND CURRENTS OF THE OCKAN. . 11

density, stand two inches higher here than at the poles, The same hypothesis would also make the
depression at the equator only one-ninth that at the poles. If we now suppose that the greater specific
gravity alone of the atmosphere at the poles, is sufficient to canse the barometer to stand one inch
higher there than at the equator, which would only require a difference of temperature of about 16°,
it would still leave a difference in the height of the barometer between the poles and the equator about
equal to the observed difference in the southern hemisphere. It wonld also add a little to the depres-
sion of the barometer at the equator, which wonld make it a little more than one-uinth of that at the
poles, and consequently make it correspond with observation. We think therefore it is evident that
the observed difference in the height of the barometer in different latitndes, is owing to the joint
effect of a gradual inercase of specific gravity froin the equator to the poles, and of a heaping up of
the atmosphere near the parallels of 289, caused by the action or this new force which we have taken
into account,

Euxplanation of the passage-winds and calm-belts at the limits of the trade-winds.—As the pressure of
the atmosphere, on aceount of its accumulation there, is greatest about the parallels of 28°, this
pressure has a tendency to cause it to rush out from beneath both, towards the poles and the equator.
If the motions of the atmosphere were as great at the surface of the earth as in the upper regions, the
force which causes a heaping up of the atmosphere about the parallels of 23°, would be as great below
as in the upper regions, and would preveut the flowing out of the air below towards the poles. But,
on account of friction, the eastern motion of the atmosphere cannot be so great at the surface of the
earth as above; and consequently the aceumulution of atmosphere mentioned above, is caused prinei-
pally by the upper currents, and the pressure which causes it to low out below towards the poles, where
the barometer, as we have seen, stands much lower, is greater than the force below which causes the
accnmulation of atmosphere. The lateral pressure then of the atmosphere, and its horizontal motions
north and south, depend upon three forces; first, the greater density of atmosphere towards the poles,
which has a tendency to cause it to flow at the surface of the carth, from the poles towards the equa-
tor; and, secondly, the heaping up of the atmosphere at the outer limits of the trade-winds, which
canses it to rush out below, both towards the equator and the poles; thivdly, the action of the force
depending upon the east or west motion of the atmosphere, which we have seen, must be greater
above than at the surface of the earth. Between the parallels of 282 and the equator, the first two
forces combine against the latter, which is small near the eqnafor, and. produce a strong and steady
current at the suface of the earth towards the equator, which, being combined with the rotatory
motion of the earth, gives rise to the trade-winds. Beyond these parallels, the first and third forces
are opposcd to the second, but it may be seen from the analytical expression of this second force,
obtained from our preceding assumption, and which cannot be given here, that this force is very great
in the middle latitwdes, aud consequently it prevails over the two, causing a current towards the
poles, which combined with the rotatory motion of the earth, produces the southwest winds in the
northern hemisphere, and northwest winds in the southern heniisphere, called passage-winds., This
force has its maximum about the parallels of 48°, and above these it decreases rapidly, so that at the
polar circles the other two forees begin to prevail over it, and causc a current trom the poles. The
forces then acting upon the atmosphere at the surface of the earth, causes it to flow in opposite direc-
tions, from the parallels of 28° and the poles, and to How together uear the equator and the polar
circles. Hence, there is a rising up of the atmosphere at the latter places, and a flowing thence in
the upper regions to the former places, where it deseends, and thus a system of current is produced
as represented by the arrows in the external part of the diagram, which represents a meridional ver-
tical section of the atmosphere. It was shown that about the parallels of 28°, the atmosphere can
have no motion east or west, #nd it has now been shown that these are the parallels also of greatest
pressure, whence the currents flow both towands the equator and the poles, consequently there must
necessarily be here calm-belts, such as are well known from observation to exist. )

We think now, it is manifest, that the introduction ot our new force into the theory of the winds,
exactly acconnis for all the principal motions of the atmosphere, and clears up the difficulties which
have lheretofore puzzled meteorologists.

Mawry’s theory of the crossing of the winds.—In order to account for the motions of the winds and
other phenomena, Lientenant Maury advances the theory that there is a crossing of the winds or
enrrents at the calm-belts of the equator and the parallels of 28°; that the currents flowing at the
- surfuce towards the equator, cross there, each one becoming the upper current in the other hemisphere
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12 WINDS AND CURREXNTS OF THE OCBAN.

after it crosses the calin-belt at the equator, and then flowing towards the poles until it meets the
upper cnrrent flowing toward the equator about the parallel of 28°, where there is supposed to be
another crossing, each current then becoming again the surface current, and flowing in the same
direction as before.* He also makes, by his arrangement, the rains in each temperate zone depend
upon the vapor received by the winds in their passage to the equator as a trade-wind in the opposite
hemisphere. We think there is no necessity for resorting to such an argument to account for the
phenomena of the winds, but that they are all satistactorily accounted for, as above, by tracing out
the effects of well-known forces without resorting to the mysterions agents of magnetism and elec-
tricity. Besides, there is no known priuciple by which two currents can interpenetrate and cross each
other withont mingling together, and, especially, is there none by which a current saturated with
vapor can pass through a dry current and each one afterwards retain its distinctive character of a
moist or dry current, which this theory requires.

The fact that Ehrenberg has discovered South American infusoria in the blood-rains and “sea-dust”
of the Cape Verde Islands and other places, does not prove the crossing of the winds; for, according
to the explanation of the winds given above, there are two currents flowing into cach calm-belt, and
also two flowing out in opposite directions, as it were from a common reservoir, and, consequently,
whatever is curried into these belts from either side Hows ont again in each direction; and so infu-
soria in one hemisphere can easily pass to the other without a distinct crossing of the currents. And
if even the moist currents of the torrid zone conld pass throngh the dry ones to the temperate
zones, they could not produce rain there; for Professor Kspy has conclusively shown that no descend-
ing current, however saturated with moisture, can ever produce rain.t

Hrplanation of the winds at the Peak of Teneriffe.—We have stated that the greatest atmospheric
pressure is abont the puarallels of 28°, but these can not be accurately the parallels of the greatest
accumulation, for this pressure depends both upon the height of' the atmosphere and its density, and,
as the density increases gradually withh the latitude, there must be an incrcase of pressure beyond
the parallel of greatest accumulation, until the decrease of pressure from tlie one cause equals the
increase from the other. BPut, as the calm-belts in the upper regions must be where the currents
meect, and cousequently where there is the greatest accamulation of atmosphere, it follows that the
calm-belts ave not exactly at the same parallels at the Surt_:we of the carth as in the upper regions,
but that they ineline above toward the equator, as represented in the diagram. And this explains
the peculiarity in the winds at the Peak of Tencriffe. This peak stands necar the outer limits of the
trade-winds, and, as this limit moves north and sonth with the seasons, the northeast and southwest
winds are found to prevail at the base alternately. But at the top of the peak the southwest winds
always prevail, because, when the calm-belt is farthest north, it still leaves the top of the peak north
of it, where the southwest winds prevail, while the northwest trades are blowing below. When this
belt occupies its most southern position, it leaves both the top and Lottowm of the peak north of it,
and, counsequently, the sonthwest wind blows lboth at the top and the bottom. In the fall, as the
calm-belt moves south, more of the peak gradually becomes north of the calm-belt, and hence the
southwest winds, which always prevail at the top, should gradually descend lower on the peak until
they reach the base, which is exactly in accordance with observation.

The e¢ffects of continents.—If the surface of the carth were all covered by the sea, uninterrupted by
continents, the trade-winds and passage-winds, and also the calm-belts, would extend, withont any
interruption, entirely around the earth. But continents, and especially high mountain ranges, seem
to-have a very material effect in changing this regular system of winds. Thus the high table-lands
and mountain ranges in Mexico and the western part of the Tuited States, scem fo turn the west-
ward current of the trade-winds on the Caribbean sea and the Gull of Mexico northward over the
parallel of the calm-belt into the United Stutes, where it arrives at the latitudes where the atmosphere
has a general tendency to flow eastward, and thus a kind ol aerial gult-stream is produced. This is
evident not only from observations on the general dircctions of the winds in the Gulf of Mexico and
the United States, but also from the observed routes of storms, which must be governed very much
by the gencral movements of the part of the atmosphere in which they ocenr. Instead of the regular
trade-winds from the northeast in the Caribbeuau sea, the prevailing course of the lower current, is
from a point south of east instead of north of east.] 1t is also found from observations at Barbadoes

» Sec¢ ** Physieal Geography of the Sea,'™ % 106, 1 Third Report on Meteorolugy, 22 68, 69, 3 8ee W, ', Redfleld, Esqg.. on three several hurri-
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IWINDS AND CURRENTS OF THE OCEAXN. 13

that, while the eastern winds arc most prevalent, the southeast winds greatly predominate over the
northeast ones. Of a great many harricanes, also, which bhad their origin in the Atlantie, east of the
Caribbean sea, and whose routes have been determined by Mr. Redfield, nearly all moved in a
direction north of west, nntil they arrived at the longitude of Ilorida or the Gunit of Mexico, where
they enrved around towards the north, und after passing the parallel of the calin-belt, towards. the
northeast, in the direction of Newloundland and the northern part of the Atlantic. And thisis
exactly the route we would suppose the westward currents of the lower part of the atmosphere,
interrupted by the high mouuntain ranges of Mexico, would take. But on the west coast of North
Awmerica, the castward current of the northern part of the Pacific, impinging against the range of the
Rocky mountains, is turned down towards the equator, and hence ‘he prevailing direction of the wind
on the Pacifie, west of Mexico, is from the northwest. The eastern eoast of Africa also seems to
have a similar effect upon the westward current of air in the Tndian ocean; for the hurricanes which
originate in that ocean, on approaching that coast, are turved southward and finally towards the
southeast into the southern ocean. The typhoons, also, of the China sea seem to be influenced in a
similar manner by the eastern part of Asia. 'These changes of the general directions of the wind
which prevail on the open ocean must Je cansed by the continents.

Hurricares and storms.—Hurricanes are generally supposed to be produced by the meeting of ad-
verse currents, which produoce gyratory motions of the atmosphere at the place of meeting. That
they may receive theirorigin and first impulse in this way, we think is very probable; but that violent
hurricanes, extending over a cireular area of nearly one thousand miles in diameter, and continning
for ten days, and proceeding with inereasing violence from the torrid zone to high northern latitundes,
depends upon any primitive impulse aloue, we think is very improbable. For if even any part of the
atmosphere should receive such an impulse as to produce a most violent hurricane, friction would soon
destroy all motion and bring the atmosphere to rest.  Besides, no gradually accelerated motion can
depend upon a primitive impulse alone, even where there is no friction. XIIurricanes then, and all
ordinary storms, must begin and gradnally increase in violence by the action of' some constantly act-
ing foree, and when this force subsides, triction brings the atmosphere to a state of rest. This foree
may be furnished by the coudeunsation of vapor ascending in the upward current in the middle of the
hurricane, in accordance with Professor Iispy’s theory of storms and rains.  Acecording to this them-y,
all storms are produced by an ascending current of warmer atmosphere saturated with woisture, and
this current is kept in motion by the coutinual rarefaction of the atmosphere above by means of the
caloric given out of the vapor which is condensed as it ascends to colder regious above. Therefore,
as long as this ascending current can be supplied with air saturated with vapor this continual rave-
faction must take place, and also the ascent of the air in the middle of the hurricane and the conse-
quent rush of air from all sides to supply its place. If, then, all the lower strutum of atmosphere
over a large district were saturated with vapor, without some disturbing cause, it might remain
undisturbed ; but if’ from any ciause an ascending current is produced, either by local rarefaction of
air by means of heat, or by the meeting of two adverse eurrents, which produces a gyratory motion
and eonsequentrarefuction in the middle on account of the pressures being talken away by the centrif-
ugal foree, as soon as the air below, saturated with vapor, ascends to the colder regions above, the
vapor is condensed and the ealorie given out continues to rarvefy it so long as the ascending column is
supplied with moist air, and consequently the surrounding colder air presses in below from all sides,
and thus o hurricane of more or less violence is produced and kept up for ten or twelve days, movin g
with the general direction of the motion of the atmosphere where it occurs. The violence then of the
hurricane, and also its duration, depends upon the quantity of vapor supplied by the currents flowing
in below., IIence, it is, that the tropical hurricanes which originate in the Atlantie, east of the
Caribbean sea, do not abate their violence until they reach a high northern latitude where the atmos-
phere is eold and dry. '

The cause of the gyratory motiors of hurricanes.—It has been well established by Redfied, Reid,
Piddington, and others, that all hurricanes and ordinary storms have a gyvratory motion around a
center, and that these gyratious in the northern hemisphere, are from right to left against the hands
of a watch, but in the sonthern hemisphere from left to right itk the hands of a watch. There are
some, however, amongst whom is Professor Espy, who deny the gyratory character of storms entirely,
aud contend that there is only a rushiug of the air from all sides below towards a centre withoat any
gyration. We think that this gyratory charvacter of storms has been too well established to admit of

.
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any doubt. No one, however, hay ever given any satisfactory reason why these gyrations in the one
hewmisphere are always sinistrorsal and in the other dextrorsal. It is true, Mr. Redfield* endeavors to
account for the sinistrorsal gyrations of the hurricanes and storms which proceed from the Gulf of
Mexico towards Newfoundland, by means of the peculiarities of the aerial currents in the region of
the Gulf and the adjacent coast of the Pacific. But it there arc the same kind of gyrations over the
whole hewisphere, it is evident that the cause which produces them must be as extended as the hemi-
sphere itself. It has also been suggested that this tendency to a distinet kind of gyration in each
hemisphere, may be owing to the magnetism of the air.t

We shall now undertake to show that there cannot be a rushing of air from all sides towards a
eenter, on any part of the earth except at the equator, without producing a gyration, and that the
tendency to a distinet kind of gyration in each hemisphere, is owing, neither to any peculiarities of
the winds or acrial currents, nor to the mysterions agent of magnetism, but that it resnlts, as a neces-
sary consequence, from the action, upon the atmosphere, of the four forces which we have taken into
consideration in the first part of this essay.

Tt has been shown that when a particle of air receives a motion toward the poles it is deflected
toward the east, as in the passage-winds, but when it receives a motion toward the south, there is
a force which also turns it towards the west, as in the trade-winds. It has likewise been shown that
when the air has a relative motion east, it has a tendeney, on account of the greater centrifugal force,
to move also towards the south, but that when it has a relative motion west, it has a tendency, on
aceount of the diminished centrifngal force, to move also towards the north. If, then, we suppose
that the air at M, N, O, and P on the diagram {page 8), has a tendency, on account of rarefaction
or for auy other reason, to flow towards ¢, from what has been stated, the air at ¥ would not move
equally towards ¢, but would be deflected northward a little towards m. In like manner the air at N
would move towards z; that at O towards o; and that at I towards p. Hence it is evident that
when there is any force which tends to make the surrounding air flow towards a center, the resultants
of all the forces which act upon it must cause it to receive a gyratory motion, and that this motion in
the northern hemisphere must be sinistrorsal, but in the southern hemisphere the contrary.

It may be observed here that these gyrations are not cireular but spiral, gradually approaching
the center; for the foreces which tend to produce these gyrations depend for their cfficacy upon a
motion from all sides towards the center. TFirst, the forces of which we have already treated tend to
give the atmosphere a gyratory motion as soon as it begins to converge towards a center ; and secondly,
these gvrations, however slight, being once produced, the centripetal foree, which causes the air to
flow towards the center, accelerates these gyrations as they approach the center, upon the principle
of the preservation of areas, just as the gyrations of a body, when it is made to gyrate around another
by means of a string, are rapidly accelerated as the string becomes shorter. Ilence, it the first of
these forces be only sufficient to prodace a very slight gyration, the latter or centripetal force may
anse very rapid gyrations near the center. And it is only upon this principle that the rapid motion
of the air in a harricane can be produced, and any theory which does not take this principle into
account is defective. This centripetal force is caused by the superior pressure of the denser atmos-
phere on the borders of the hurricane or storm, and consequently prevails only in the lower part of
the atmosphere. In the upper regions it has a tendency to recede from the center for two reasons;
first, on account of the gyratory motion which it has received below in approaching the center, which
it still, in some measure, retains after ascending fo the regions above, where the surrounding pressure
does not prevail, and conscquently the centrifugal force resunlting from the gyrations, causes it to
recede from the center; secondly, because the ascending current causes an accumnulation of atmos-
phere above the general level, which gives it a tendency also to flow ont in all directions from the
center. These motious, however, are not distinctly towards and from the center, but in spirals, so
that the currents below may be at right angles with the currents above; and hence it is that in our
ordinary storms attended with rain, the clonds in the lower part of the atmosphere frequently move
in a direction at right angles with the direction of those above.

It has been stated thaf the gyrations below approach the centerin a spiral, but this approach must
be slow towards tho center; for, at a certain distance from the center, the gyvrations become so rapid
that the centrifugal foree nearly equals the centripetal, produced by the external pressure of the

*# 8illlwan’s Journal, second series, vol. IT., page 325, + Maury's Phyeieal Geoagraphy of the Sea, § 221,
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atmosphere, and then the further approach towards the center in a great mcasure ceases, and conse-
quently the force which produces the gyratious. Hence, at a certain distance from the center the
hurricane has the greatest vielence, and within this cirenmference, frietion in a great measure destroys
the gyrations, so that the middle of our most violent hurricances is a calm. The extent of this calin
is a circle, varying gencrally from five to thirty miles in diameter.

It we examine the analytical expressions of the forces which produce these gyrations, we will see
that at the equator they have no value, and hence no hurricane can have its origin exactly on the
equator, Accordingly, ot all the hurricanes which have originated within the tropics, none have
been traced back to the equator, but always to some region from 10° to 20° from it.

The reason why the hurricanes which originate eiast of the Caribbean sea pass northward to the
east of the United States, may be owing to the direction of the wind here and on the Caribbean
gea, which generally blows north of west, as has been observed in the former part of this essay. Tf
the general direction of the trade-winds prevailed here, they would be carried on towards the equa-
tor, as those without doabt are which originate at other places in the same latitude.

We come now to the second part of our subject, the curreuts of the ocean.

The general motions of the ocean.—Inasmuch as the atmosphere and the ocean are both fluids some-
what similarly sitnated, except that the latter only partially surrounds the earth, and are both subject
to the same disturbing influences of u difference of a temperature between the equator and the poles,
it is reasonable to suppose that there is a similarity of their geueral motions. This is known from
observation to be the case, except that the continents interfere more with the motion of the ocean
than with those of the atmosphere. The general motion of the ocean in the torrid zone, where it is
not interrupted by continents, is toward the west with an average velocity of abount ten miles in
twenty-four hours. Towurds the poles the motion, in general, is towards fhe east, which is a necessary
counsequence of the preservation of areas; for if one part have a western motion, another part must
have an eastern one, as was shown with regard to the atmosphere. If, then, there were no continents,
there would be a general flowing of all the tropical parts of' the ocean westward, and of the remaining
patts toward the eust.  But when the tropical or equatorial current impinges against the castern sides
of the continents as in the Atlantic, a part is turned along the eastern side towards cach pole. Like-
wise, when the eastern flow towards the poles, strikes against the western side of a continent, it is

“deflected towards the equator. Hence the northern parts of both the Atlantic and Pacific, have a
tendency to a vortical motion, their tropical parts moving westward, and then turning unorthward
on the eastern sides of the continents und joining the eastern flow, and south again towards the equator
on the western sides of the continents. Aud it is cvident from observation, that the southern parts
of these oceans, and also the Indian ocean, have a tendency, in some measure, to the same kind of
motions, except that the eontinents do not extend so far south, and consequently only a part of the
eastern flow is turned toward the equator, the rest flowing on and producing the general eastern
motion of the waters observed in the sonthern ocean, ’

The forces which produce the motions of the ocean.—The primum mobile of the motions of the ocean,
as of the atmosphere, depends principally upou the difference of temperature between the equatorial
and polar regions. The temperature of the ocean, on the surface at the equator, is about 80°, and it
has a temperature above the mean temperature of the earth, which is 39°.5, to the depth of 7200 feet.
Towards the poles it is bLelow the freezing-point, and continues below the mean tempecature at the
parallel of T0°, to the depth of 4500 feet.*  As water expauds about 0.000455 of its bulk for every degree
of increasing temperature, and sea-water contracts down to the temperatnre of 28°, caleulations based
upon these data, supposing the temperature to increase or deerease in proportion to the depth, make
the specific gravity of the part at the equator, so much less than that at the poles, that it would have
to rise about ten feet above the general level at the equator to be in equilibrium at the bottom of the
sea, with the part at the poles. But then the equilibritin at the surface would be destroyed, and the
waters would flow there towards the poles, where the superior pressure at the bottom over that of the
equator, would cause a cuarrent to flow back at the bottom of the sea, towards the equator. Heunce, if
this cause ot disturbance existed alone, there wonld be a current at the bottom of the sea from the
poles towards the equator, moved by a force oqnal to the pressare of a stratum of water of about five
feet, and one at the surface from the equator towards the poles, moved by an equal force. But this

= Mrs, Sommerville’s Physienl Geography, page 202,
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motion, combined with the rotatory motion of the earth, gives rise to other forces, just as in the case
of the atmosphere, which greatly modify these motions, as witl be shown hereafter.

The preceding are the principal forces concerned in giving wotion to the waters of the ocean.
Licatenant Maury, however, lays little stress upon these, and seems to think that the principal
agencies concerned in these motions, arise from evaporation, the salfness of the oecean, galvanism, &c.*
Buat we think it may be shown that these agencies can have no perceptible effect.

First, Licutenant Manry sapposes excessive evaporation to take place within the tropics aud this
vapor to be carried away and precipitated in extra-tropical regions, and infers that this would have,
ut least, a very sensible effect in produeing the currents of the ocean.  He puts the amonnt of evapora-
tion of a stratum of oue-half of an inch per day. Now if a stratum of water one-half of an inch in
thickness is evaporated in twenty-four hours in one phice and precipitated in another, it produces a
difference of level of one inch between the two places, and the currents which it produces must be
such as are sufficient to restore this level in the same space of time. Now we may judge how exceed-
ingly small a current this would produce when we consider that there is o rise of about two feet in the
open ocean at one place and a fall of the same amonnt at another every six honrs, cunsed by the tides,
and yet the flowing of the water from the one place to the other to produce this rise at onc place, and
fall af the other, it is well kuown does not produce any sensible currents in the open sea. Again, this
matter can be easily reduced to caleulation. If a stratum of water, one-half of an inch in thickness
were taken up by evaporation from the torrid zone, and none of it precipitated there but all conveyed to
the temperate and polar zones, it may be demonstrated upon the supposition that the ocean is four
miles in depth, that the flow of water towards the cquator to restore the equilibrium in the same time
would not amount to & velocity of one foot per hour.

We think it may be likewise shown by calculations based upon reasonable hypothesis, if not en-
tirely npon well-known data, that the salts of the sea also e¢xn have bunt little inflnence in producing
currents. Licutenant Maury makes a similar hypothesis in treating of the influence of the salt of
the ocean, which he does in treating of the influence of evaporation. and supposes that the excess of
salt left in the torrid zone by the excess of evaporation there, and the great precipitation in the
temperate and polar regions produces such a difference in the specific gravity as to destroy the
equilibrinm of the sea, and to have a very seunsible influence in producing currents, and especially
the Gulf-stream. .

With regard to the latter, he supposes that the water of the Gulf of Mexico has a much greater
specific gravity than the water in the Atlantic, on acconnt of the great evaporation to which it has
been exposed in its passage from the coast of Africa across the Atlantic and through the Caribbean
sea, and that, consequently, it is foreed out into the Alantic by its greater pressure. Now, suppose
it takes the water a year, which is about tlie actual time, to pass from the coust of Africa to the
CGrulf of Mexieo; in this time, according to the hypathesis, there is evaporated a stratum of water
fitteen feet in- depth, and, as the salt contained in this stratum can not be evaporated, it remains in
the part left, und iucreases its saltness. But sea-water contains ouly about three per cent. of saline
matter, and conscquently the amount of salt contained in this stratum of fifteen feet only increases
the weight of the rest to an amount equal to the weight of a stratum of water abont six inches deep.
Hence, it only gives the water of the Gulf & tendency to flow out into the Atlantic with a force equal
to the toree with which a homogeneous fluid would flow out with its surface six inches above the gen-
eral level of the Atlantic. This is much less than the opposing foree arising from the great specific
gravity of the water in the northern part of the Atlantic vn acconnt of its lower temperature, as we
have shown by ealculations. The same reasoning may be applied to any other part of the ocean;
for, if the salt of the ocean has any influence in producing currents, it must be to produce an under-
current from the torrid zone, where evaporation is supposed to be in excess, toward the poles, and,
consequently, a connter-eurrent at the surfaee from the poles toward the eqnator. Bnt, upon any rea-
sonable hypothesis, the water at the sarface cannot lose by evaporation in passing trom the poles to
the equator, a stratum of water of such a depth, that the amount of salt contained iu it can increase
the specific gravity at the equator as much as the lower temperature increases it toward the poles;
hence, if the salt of the sea has any sensible influence, it is only in opposition to a greater influence,
and, consequently, it has a tendency to diminish, rather than increase, the currents of the ocean.

* Sge Physical Geography of the Sea 33 26, 24 and 300,
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We think it, therefore, manifest that neither evaporation nor the.salts of the sea can have much
influence in producing currents, even upon Lieutenant Maury’s hopothesis, that evaporation is greatly
in excess of precipitation in the torrid zone. But is this a true hypothesis? Although there is a
great evaporation in the torrid zone, there ix also great precipitation; for, with few exceptions, more
rain falls at the egqnator than in any other part of the earth, and it is only the amount of evaporation
over precipitation that should be taken into aceount, which we have reason to think is very small,
and, it Professor Espy’s theory is correct, it can not be anything; for, according ro this theory, no
vapor can pass from the torrid to the temperate zones and produce rain, sinece the current bearing it
there would be a descending current, and consequently could not produce it.

) The ocean not level.—Ax it has been shown in the case of the atmosphere, that the resultant of
the foreces canses an accumulation about the parallels of 28°, so, as the motions of the ocean are
somewhat similar, and it is acted apon by the same forces, it may be shown that there must be a
glight accumulation about those purallels in the ocean also.  Whatever may be the causes of the motions
of the ocean, we know that in the torrid zone it has a small western motion, and in the other parts a
slight motion towards the east. The great equatorial current of the Atlantic moves about ten miles
in tweonty-four hours; DLut it we suppose that the average motion of the water in the torrid zone is
five miles only per day, and that the maximum velocity of the water eastward in the extru-tropical
regions is the sume, using the same hypothesis which we did with regard to the atmosphere, the
forces which result from these motions must eanse an accenmulation of more than forty feet about the
parallels of 28°, above the level of the sea at the poles, and about five feet above the level of the equator
This, however, would be the wmonnt of accumnlation to produce an equilibrium of the forces at the
surface, but as this accumulation would then produce a greater pressure there npon the bottom than
towards the poles and at the equator, it would produce, as in the case of the atmosphere, a flowing
ont from beneath this accumalation towards the poles and the equator, and settling down of the sur-
face above, below the state of equilibrinin, sufficient to cause a connter-current at the surface from
the poles and the equater to supply the currents below. The accumulation there would be only about
one-half that stated above, and there would be a flowing of water at the surface from both sides
towards the parallels of 28°, and below a current in both directions from these parallels, similar to
the motions of the atmosphere.

That the water of the ocean has such a motion as has been stated, appears from observations of
its motions und other circnmstances. Says Lieutenant Maury, * There scems to be a larger flow of
polar waters into the Aflantie than of waters from it, and I cannot account for the preservation of the
equilibrimm of this ocean by any other hypothesis than that which calls in the aid of undercurrents.”
It is well-known that in Bafdin’s bay there is o strong surface-current running south, and a strong
counter-current beneath ruuning north. Another evidence of this general tendency of the waters, is,
that icebergs, in both hemispheres, are drvifted from the poles towards the equator, and in the south
Atlantie sowetimes reach the parallel of 37°. 1t is also evident from the fact that, in both the north
Atlantie amd Pacific occans, there are lurge collections of drift and sen-weed about the parallels of
28°, so thickly matted that vessels are retarded in passing through them*

These collections can only be formed by the lowing of the water at the surface from both sides to
these parallels, It has been supposcd that these collections are owing to the slight vortical motions
of these oceans, it being snpposcd that any floating substances on the surface would have a tendency
to collect at the vortex. This, however, would unot be the case, for on aceount of friction at the
bottom. the surface wonld have a greater vortical motion than the bottom, and consequently the
water would be driven very slowly at the surfuce by the centrifugal force towards the sides, where it
wonld canse a slight clevation and increase of pressure, which would cause the water to return towards
the vortex at the bottom and not at the top; and hence floating substances at the surface could have no
tendency to collect at the vortex.

We have corroborated these deductions from theory by numerous experiments made with a vessel
of water with light substances on the surface. When the vessel is first receiving a vortical motion,
the substances collect in the middle; for, as it is the vessel which gives motion to the water by means
of the friction, the vessel, and consequently the bottom of the water, has then a greater motion than
the top; and hence the reverse of what is stated above takes place; but, if the vessel is now stopped,

# Humbokit's Conmos, vol, 2, page 278,
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and the water within alowed to continue its metion, the vortical motion at the bottom is retarded faster
than at the top, and soon has a slower motion there, when the light substances on the surface are
seen to recede from the vortex towards the sides, and if there are any light substances on the bottom,
they eollect in the centre, all of which proves, that the water recedes from the middle at the sarface,
and returns to it at the bottom, and exactly agrees with the deductions trom theory. These collec-
tions of sea-weed, then, cannot be caused by the vortical motions of the oeecan, but must be the
result of a general tendency of the surface water, to tow trom both the equator and the poles towards
these parallels; and, as it is prevented from collecting on these parallels near either side, on account
of the slight vortical motion of the ocean, it collects only in the middle.

FHayplanation of the Gulf-stream.—We cote now to the Gulf-stream, whicl: lias been a puzzle to
philosophers ever since it was discovered. Muny explanntions have been given, and all kuown tforces
whiecll can have any influence, have been brought in to account for this wounderful phenomenon. The
most usual explanation is, that it i3 the escaping of the waters which have been forced into the Carib-
bean sea and the Gulf of Mexico by the trade-winds, which have been supposed to raise their surface
above the general level, and thus atford « head as it were for the streaun,  This, without doubt, has
a very considerable effect, but it has not generally been deemed adequate alone to account for the
phenomenon, uor does it, in connection with all other known influences, afford a satisfactory explana-
tion. ¢ What is the cause of the Gulf-stream,” says Lieutenant Maury, * has always puzzled phil-
osophers. Modern investigation and examinations are beginning to throw some light upon the sub-
ject, though all is not yet clear.”

We shall now endeavor to show that the additional force which we have taken into aceount in ex-
plaining both the winds and the currents of the ocew, and which seems to have been overlooked here-
tofore, will at least throw much additional light upon the subject, if not afford a complete explanation,
We have shown that this foree, which results {rom the eastward flow ot the water in the extra-tropical
Tegions, and from the western motion within the tropies, has a tendeney to drive the water {rom the
poles towards the equator, and also slightly from the equater towards the poles, and to produce an
accumulation of at least twenty feet on the parallels of 28° above the level at the poles, upon the sup-
position that the maximum of this east and west flow is ouly live miles per day. But if, from any
cause, the force which results from this eastward flow shonld be cut off at any place, the water would
flow northward at that place with a force equal to that which would result from a head on the
parallels of 28°, at least twenty feet above the level towards the poles.  Now, it may be seen tfrom the
confignration of the coast of the United States, that this force is actually cut off along that coast; for
this force depends upon the eastward flow of the water there, which it cannot have, inasmuch as it
must low in both ways along the coast to fill up the vacuwm which such a motion wounld produce.
As the Gulf of Mexico, therctore, and the adjacent parts of the .\tlantie, lie in the parallel of greatest
accumulation, the water must flow from these parvts aloug the coast with a foree equal to that stated
above. Tn addition to this, the momentum of the water flowing westward in the forrid zone, with a
motion depending npon the prime moving course, due to a difference of specific gravity between the
poles and the equutor, in connection with the rotatory motion of the earth, and being independent of
the effect of the trade-winds, must force the water in the Caribbean sea and the Gulf of Mexico con-
siderably above the general level and add to the preceding force. When we counsider that the motion
of the water which produces tides on our coasts, is in general imperceptible in the open ocean, and
vet, on account of the sloping bottom of the ocean, which canses & smaller volume of water to receive
the momentum of a larger one, it causes considerable rise of the water along the coast, we have reason
to think that the general tendency of water westward in the torrid zone may keep the water in the
Gulf considerably above the general level, since its water aud that in the Caribbean sea, if the bottom
of the ocean be sloping, must in & great measure receive the momentinm of the whole Dbody of the
water moving westward in the adjacent part of the Atlantic. The eastern tendency of the water in
the northern part of the north Atlantic, due to the prime moving force mentioned above and inde-
pendent of the winds which prevail there, causes the surface of the ocean in the latitnde of New-
foundland to be somewhat depressed below the general level next fo the coast, which also adds to
the force of the Gulf-stream. All these forees, taken in connection with the influence of the trade-winds
to which this phenomenon has been mainly attribnted, we think, furnish a eomplete and satisfactory
explanation of that great wonder and mystery ot the veean, the Gulf-stream.

The Greenlond and other currents,—The general eastward motion of the waters of the ocean in the
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northern pare of the Atlantic, and consequent depression next the coast of North Ameries, also fur-
nish an explanation of the ¢old current ol water flowing between the Gulf-stream and the coast of
the United States, called the Greenland curreat. Ou account of the rotatory motion of the earth,
the water ot the Gulf-stream in flowing northward, tends to the east, and for the same reason the
water Howing from Greenland and Baffin’s bay to supply the eastern flow, tends towards the west,
and consequently flows in between the Gulf-stream aud the coast ot the United States.

There must be a wmotion of the waters somewhut gimilir to that of the Gult-stream and the
Greenland current, wherever the great cquatorial current impinges against a continent, and the east-
ward flow towards the poles is eat off.  ilence, on the eastern coast of South Americn, there is a warm
Brazilian current towards Cape Horu, and on the eastern coast of Afriea, the Mozambique current
which at the Cape of Good Hope is called the Agnlhas current. Also, on the eastern const of Asia,
there iz the warm China eurrent, flowing towards the north, similar to the Gulf-stream, and the cold
Asiatice carrent, insinnating itseltf between it and the coast, like the Greenland currvent.

On the western side of the continents a motion somewhat the reverse of this must take place.
Hence, instead of & warm stream flowing towards the north, there is a cold eurrent lowing towards the
equator. On the west of Portngal, and the northern part of Africa, there is a flow of colder water
towards the equator, and west of the southern part of Africa, is the cold Atlantic current, also tendiug
towards the equator, both to join the great equatorial current flowing across the Atlantic. On the
west coast of North America, also, there is a flow ot colder water along the coast from the north, and
on the west coast of South Amerieca, is Humboldt’'s current, 8° or 10° colder than the rest of the ocean
in the same latitude, both tending towards the equator to there join the great western current across
the Pacitic, and to fill up, as it were, the vacuum which this current has a tendency to leave ubout the
equator, on the western coast of America.

NASHVILLE, October 4, 1856.
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