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LETTER

OP

THE SECRETARY OF THE NAYY

TRANSMITTING

THE REPORT.

Navy Department , March 13, 1850.

Sir :— Agreeably to a resolution of the Senate of the 11th instant, I have the

honor to transmit , herewith , the report of Professor James P . Espy on Mete¬

orology , made to this Department on the 12th November , 1849, together with the

charts accompanying the same.
I have the honor to be , very respectfully , your obedient servant,

WM . BALLARD PRESTON.

Hon . Millard Fillmore,
Vice President of the United States,

and President of the Senate.
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SECOND DEPORT
ON

METEOROLOGY T

TO

THE SECRETARY OF THE NAVY:

BY JAMES P. ESPY.

-W \ VWVV\ •' vVVWVVW-

1. The object of the investigations which it is my duty to make and “ report to you
from time to time',” is to collate all the meteorological journals placed at my disposal,
and to lay down on skeleton charts of the United States , by appropriate symbols , the
most important phases of the great storms which come within the range of our simul¬
taneous observations , that , by these means , we may be enabled to determine the shape
and size  of all great storms ; whether they are round  or oblong;  and , if they are ob¬
long , whether they move side foremost,  or end foremost,  or obliquely;  and their velocity
of motion , and the direction  which they take in all the different seasons of the year;
the course  that the wind blows in and beyond their borders ; the fluctuations  of the
barometer and change  of temperature which accompany storms ; and the extent  to
which the influence of storms is felt beyond their borders.

2. These objects were announced in a circular to the friends of science , previous
to the commencement of these investigations , for the purpose of inducing many ama¬
teurs of meteorology to send me copies of their journals , to be collated with those
furnished by order of the Secretary of War and the Secretary of the Navy.

By all these means a numerous and widely extended series of simultaneous , or nearly
simultaneous , observations came into my hands , as will appear by the following list of
observers , to whom I beg leave now to return my most hearty thanks for the patience
and zeal with which they have co-operated with me in my undertaking.

3. LIST OF METEOROLOGICAL CORRESPONDENTS.

Francis Adams , Knoxville post office, Greene county , Alabama.
Professor William H . Allen , Carlisle , Pennsylvania.
Zeno Allen , Sackett ’s Harbor , New York.
Dr . D . Alter , Freeport , Pennsylvania.

Thom . Anderson , Louisville , Kentucky.
Professor J . W . Andrews , Marietta , Ohio.
R . F . Astrop , Diamond Grove , Virginia.
S . Aylsworth , Utica , New York.
L . H . Anderson , M. D ., Sumpterville , Alabama . ( Wishes to purchase a barometer . )
Thom . Bailey , Little Compton , Rhode Island.
Joshua Bartlett , East Thomaston , Maine.
O. Beatty , Danville , Kentucky.
E . W . Beans , West Chester , Pennsylvania.
Henry W . Beecher , Indianapolis , Indiana.
Charles F . Barker , Jonesport , Washington county , Michigan.
G . A . Bliss, Long Meadows , Springfield , Connecticut.
Lewis M. Booth , Quincy , Illinois.
Dr . J . P . Batchelder , Utica , New York.
Rob . Banning , Isthmus , Talbot county , Maryland.
John F . Blake , Brewer , Maine.
G . F . Blatzell , Apalachicola , Florida.
S . Boyden , Newark , New Jersey.
W . H . Boyle , Chambersburg , Pennsylvania.
Thom . Brown , Cambridge , Ohio.
B . B . Brown , St . Louis , Missouri.
Amos J . Bruce , Fort Snelling.
J . C . Bryant , Cambridge , Vermont.
M. K . Brownson , Juliet , Will county , Illinois.
E . W . Carpenter , Chatham , Massachusetts.
Professor P . Carter , Granville , Ohio.
Professor A . Caswell , Providence , Rhode Island.
Professor James H . Coffin, Williamstown , Mississippi.
Pi’ofessor C . Collins , Emory and Henry College , Virginia.
H . A . Coffin, Edgartown , Massachusetts.
James F . Cogswell , Mellville , Orleans county , New York,
Michael Clear , Philadelphia , Pennsylvania.
Cornelius Chase , Chatham , Columbia county , New York.
R . L . Cooke , Bloomfield , Essex county , New York.
Professor G. H . Cook , Troy , New York.
L . E . Corson , Norristown , Pennsylvania.
John R . Cotting , Milledgeville , Georgia.
John Clement , Jr ., Haddonfield , Gloucester county , New Jersey.
Lyman W . Conkey , Syracuse , New York.
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i
-James Crosby , Marietta , Ohio.
Wm . Crawford , Halifax , Nova Scotia . ( Care of Th . Greenlet , Boston , Massachusetts . )
Dr . E . H . Davis , Chillicothe , Ohio.
Professor Deems , Chapel Hill , North Carolina.
Rev . G . Duffield , Detroit , Michigan.
A . K . Eaton , Clinton , New York.
Dr . Geo . Engleman , St . Louis , Missouri.
Professor Jacob Ennis , Patterson , New Jersey.
John F . Fisher , York , Pennsylvania.
Dr . H . K . W . Ford , Cottage Malcomb , Jefferson county , Mississippi.
Professor Ford , Hudson , New York.
Ch . J . Fox , Nashville , New Hampshire.
Professor James Garvin , Knoxville , Tennessee.
R . H . Gardiner , Gardiner , Maine.
Professor Gibbes , Charleston , South Carolina.
Professor Giraud , Emmitsburg , Maryland.
Rich . T . Gibson , Savannah , Georgia.
E . Giddings , Lockport , New York.
Professor C. Gill, Flushing , New York.
Thom . F . Javmore , Whiteville , Hardeman county , Tennessee.
A . D . Galt , Williamsburg , Virginia.
James H . Greene , Washington , Michigan.
Trail Green , Mercersburg , Pennsylvania.
Ch . Grant , Frederica , St . Simons , Georgia.
Professor James Hamilton , Nashville , Tennessee.
James C. Hatfield , Lebanon , Ohio.
Rufus Haymond , Brookville , Franklin county , Indiana.
C . M. Harancourt , Columbus , Ohio.
Jedediah Herrick , Hampden , Penobscot county , Maine.
A . W . Hendry , Angola , Steuben county , Indiana.
F . G . Hoover , Emmitsburg , Maryland.
Dr . J . Heisley , Harrisburg , Pennsylvania.
Th . Hoxie , Leonardsville , New York.
N . W . Hatch , Vicksburg , Mississippi.
A . W . Hendry , Sandusky city , Ohio.
Professor N . W . Hentz , Tuscaloosa , Alabama.
John Hunt , Bennington , Vermont.
Edward P . Huntington , Cabotville , Massachusetts.
A . M. Hunt , Greensburg , Indiana.

Gustavus A . Hyde , Framingham , Massachusetts.
Franklin B. Hough , A . M., Martensburg , New York.
Edward Jarvis , St . John , New Brunswick.
O. Jennings , East Troy , Wisconsin.
Professor M. Jacobs , Gettysburg , Pennsylvania.
Dan . Jagger Warren , Trumbull county , Ohio.
John F . Jenkins , N . Salem , New York.
James M. Jackson , Clarksburg , Virginia.
Jos . Johnson , M. D ., Shawneetown , Illinois.
Tho . H . Kelsey , Jamaica , New York.
-Kennedy , Columbus , Ohio.
Jas . A . Kinkead , Mifflintown , Pennsylvania.
M. Z . Kreider , M. D ., Lancaster , Ohio.
Professor J . G . Kummer , Bethlehem , Pennsylvania.
J . A . Lapham , Milwaukie , Wisconsin.
Hen . Leech , Vermont , Illinois.
Richard Lewis , Ebensburg , Pennsylvania.
Captain J . H . Lefroy , Toronto , Canada west.
Rev . J . IJ . Linsly , Stratford , Connecticut.
Nathan Linton , Upper Oxford , Chester county , Pennsylvania.
John A . Lyle , M. D ., Paris , Kentucky.
D . J . Lake , Mount Morris , Livingston county , New York.
Professor Jas . P . Mason , Athens , Ohio.
Professor W . W . Mather , Athens , Ohio.
D . P . Mayhew , Lowville , New York,
Wm . Merrill , Owensboro ’, Davis county , Kentucky.
Professor C . F . McCoy , Athens , Georgia.
W . S . McMurtry , M. D ., Benton , Mississippi.
John J . McRae , Jackson , Mississippi . ( Care of F . S. Hunt . )
Andrew MacKinley , Halifax , Nova Scotia . ( Care of B . W . Noyes , Boston .)
L . Merril Miller , Mount Morris , New York.
Professor O. W . Morris , Deaf and Dumb Institute , New York.
F . S . Monroe , Taunton , Massachusetts.
G. R . Morton , Sandusky city , Ohio.
Silas Meacham , Chicago , Illinois.
Professor W . A . Norton , Newark , Delaware.
Joseph G . Norwood , M. D ., Madison , Indiana.
Henry S. Osborn , Coventry , Rhode Island.
Sam . Oswald , New Market , Shenandoah county , Virginia.
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James Primrose, United States consul, Pictou, Nova Scotia.
J . D. Parker , Steuben, Maine.
Reuben Parker , Blue Hill, Maine.
W . R. Patterson, Wirt Seminary, Tennessee.
David Peelor , Indiana, Pennsylvania.
H. C. Perkins , Newburyport , Massachusetts.
William Peters , Zanesville, Ohio.
Z. M. Phelps , Yellow Springs, Green county, Ohio.
James Philips, Chapel Hill, North Carolina.
W . W . Philips, Edwards ’s Depot , Hinds county, Mississippi.
A. Putnam, Grafton, Vermont.
Sam. Plant, Northampton, Massachusetts.
James E . Pierce, Black Meadow's or Sandy Spring, Maryland.
F . S. Parvin, Bloomington, Iowa.
Dr . J . T . Peebles, Petersburg , Virginia.
Henry Poole, agent of Albion Mines, Pictou , Nova Scotia.
Samuel Rodman, New Bedford, Massachusetts.
Thomas A. Russell, Greenville, Tennessee.
Dr . J . G. Sanborn, Carlyle, Clinton county, Illinois.
J . E . Seaman, Paulding county, Mississippi.
Dr . W. Kemble Salter, Rensselear, Jasper county, Indiana.
Sam. H. Stout, Eaton , Gibson county, Tennessee.
F . C. Stokes, Stroudsburg, Monroe county, Pennsylvania.
James J . Strang, Randolph, New York.
Titus Smith, Halifax, Nova Scotia. ( Care of Thom. Greenlet, Boston.)
Philo Taylor, Cleveland, Ohio.
Joseph Templeman, St. John , Newfoundland. ( Care of Messrs. Stokes & An¬

thony, New York .)
Rev. Sereno Taylor, Glennville, Barbour county, Alabama.
Professor H. Tutwiler , La Grange College, Alabama.
Dr . Th . S. Williamson, Lac-qui-Parle , 150 miles west of Fort Snelling.
John H. Webb, Adams, New York.
Milo G. Williams, Dayton, Ohio.
H. D. White , Hindman, Cumberland county, Maine.
Sam. Webber , M. D., Charlestown, New Hampshire.
Professor S. R. Williams, Canonsburg, Pennsylvania.
John Wass, Addison, Maine.
Geo. A. Wheelock, Keene, New Hampshire.
William B. Williams, Dover, Tennessee.

Charles Wister , jr ., Germantown, Pennsylvania.
G. H. Wood, Franklin Academy, Malon, Franklin county, New York.
W . B. Williams, New Concord, Calloway county, Kentucky.
Aaron Young, Bangor, Maine.
Besides these, I was furnished by the kindness of the Surgeon General United

States army with all the journals kept by his order at the military posts of the United
States—more than sixty in number ; also, several journals were ordered to be kept at
the naval stations, which the Secretary of the Navy kindly placed in my hands ; also,
the journals kept at the light-houses along our coast were kindly lent to me by Mr.
Pleasonton, who has charge of them.

By collating all these in the manner proposed, the results, you will preceive, are
in the highest degree interesting to science, and through science must become very
important to the mariner and the farmer, and, indeed, to all classes of mankind.

4. If even the first generalization, given below, should be established by a long
continuance of observations to be a universal law of all great storms in winter, then
all mariners, in any port on our sea-board, may know from thirty-six to forty-eight
hours in advance when a storm of dangerous violence will reach their locality; and
thus they need never put to sea when they are in danger of being driven back on the
coast by an approaching storm.*

If the theory, of which I have given a brief synopsis in another part of this report,
shall be established by future observations, then rules  may be laid down for the mari¬
ner at sea, to enable him to know in what direction to sail to suffer as little as possible
when in a storm, and in many cases to use the wind in the borders of a storm for the
purposes of navigation; for Heaven certainly makes the wind blow for his use, and not
for his destruction, provided he only becomes acquainted with its laws.

I speak here as if the theory was not yet established—not that I have any doubt of
its truth , but because it is not yet universally acknowledged ; and I think it improper to
lay down rules for the guidance of the seaman, until the theory is universally admittedto be true.

5. I think it cannot be doubted that the generalizations given below could hardly
have been eliminated by pursuing any plan, in collating the phenomena of storms, but
the one here adopted.

6. By casting your eye on one of the charts, you will see how easy it is to compre¬
hend all the principal phases of a storm at once; the position  and extent of a storm at
a particular moment by the red figures, indicating the quantity of rain or snow that fell
in it ; the locality  of the minimum barometer indicated by a red line, and its maximum by a
black line ; the direction  and force  of the wind, by arrow's of different lengths ; and by

‘See rules for mariners, at the end of these reports.
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turning to the map of the next day, the change of position of the storm will also be
seen.

7. It is by examining these charts* with care, and also the comparative fluctuations
°f the barometer, laid down in curves for every day for four years, that I have been
enabled to eliminate the following

[8 . ] GENERALIZATIONS.

1. The rain and snow storms, and even the moderate rains and snows, travel from
the west towards the east in the United States, during the months of November, De¬
cember, January , February , and March, which are the only months to which these
generalizations apply.

2. The storms are accompanied with a depression of the barometer near the central
line of the storm.

3. This central line of minimum pressure is generally of great length from north
to south, and moves side foremost towards the east. '

4. This line is sometimes nearly straight, but generally curved, and most frequently
with its convex side towards the east.

5. The volocity of this line is such that it travels from the Mississippi to the Con¬
necticut river in about twenty-four hours, and from the Connecticut to St. John , New¬
foundland, in nearly the same time, or about thirty -six miles an hour.

6. When the barometer falls suddenly in the western part of New England , it rises
at the same time in the valley of the Mississippi, and also at St. John , Newfoundland.

7. In great storms the wind, for several hundred miles on both sides of the line of
minimum pressure, blows towards that line directly or obliquely.

8.  The force of the wind is in proportion to the suddenness and greatness of the
depression of the barometer.

9. In all great and sudden depressions of the barometer, there is much rain or
snow; and in all sudden great rains or snows, there is a great depression of the ba¬
rometer near the centre of the storm.

10. Many storms are of great and unknown length from north to south, reaching
beyond our observers on the Gulf of Mexico and on the northern lakes, while their
east and west diameter is comparatively small. The storms, therefore, move side foremost.

11. Most storms commence in the “ far west,” beyond our most western observers;
but some commence in the United States.

12. When a storm commences in the United States, the line of minimum pressure
does not come from the “ far west,” but commences with the storm, and travels with it
towards the east.

ivv *v

*More than eleven hundred of these charts have been formed— one for each day for more than
three years ; but it would be very expensive to publish all.

13. There is generally a lull of wind at the line of minimum pressure, and sometimes a
calm.

14. When this line of minimum pressure passes an observer towards the east, the
wind generally soon changes to the west, and the barometer begins to rise.

15. There is generally but little wind near the line of maximum pressure, and on
each side of that line the winds are irregular, but tend outwards from that line.

16. The fluctuations of the barometer are generally greater in the northern than in
the southern parts of the United States.

17. The fluctuations of the barometer are generally greater in the eastern than in the
western parts of the United States.

18. In the northern parts of the United States the wind generally in great storms sets
in from the north of east, and terminates from the north of west.

19. In the southern parts of the United States the wind generally sets in from the
south of east, and terminates from the south of west.

20. During the passage of storms the wind generally changes from the eastward to
the westward by the south, especially in the southern parts of the United States.

21. The northern part of the storm generally travels more rapidly towards the
east than the southern part.

22. During the high barometer on the day preceding the storm it is generally
clear and mild in temperature , especially if very cold weather preceded.

23. The temperature generally falls suddenly on the passage of the centre of great
storms, so that sometimes when a storm is in the middle of the United States, the
lowest temperature of the month will be in the west on the same day that the high- .
est temperature is in the east.

Query.—Does the southern boundary of these winter storms reach the belt of
high barometer in the northern border of the trade winds ? and does the northern bor¬
der of these storms reach into and beyond the belt of low barometer near the arctic
circle ?

Do these storms commence at the Rocky mountains ? and do they traverse the en¬
tire Atlantic with similar phenomena to those contained in the above generalizations?
In what direction exactly do they move ? Is it not towards a point of the compass a
little south of east ?

That the above twenty-three generalizations, with slight modifications, will be
proved to be true laws of nature , by a more copious induction of facts, I have but little
doubt ; and my confidence is founded chiefly on the three following reasons:

9. First.  On the known uniformity of nature in the production of phenomena.
From this uniformity it is highly probable, nay, almost certain, that if a certain set
of phenomena are observed to accompany all the storms investigated, even if the
number is few, these same phenomena will be found to accompany all storms ; and

2
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such is the fact, so far as investigations have yet gone , as it relates to the fundamen¬
tal generalizations given above.

Second.  I ground my belief that these generalizations , with slight modifications,
will be found to be true laws of nature on the fact that all the phenomena yet observed
connected with storms are explained by the following

[10.] THEORY.
When the air in any locality acquires a higher temperature or a higher dew -point

than that of surrounding regions , it is specifically lighter , and will ascend : in ascend¬
ing , it comes under less pressure and expands ; in expanding from diminished pres¬
sure , it grows colder about a degree and a quarter for every hundred yards of ascent;
in cooling as low as the dew -point , ( which it will do when it rises as many hundred
yards as the dew -point at the time is below the temperature of the air in degrees of
Fahrenheit, ) it will begin to condense its vapor into cloud ; in condensing its vapor
into water or cloud , it will evolve its latent caloric ; this evolution of latent caloric
will prevent the air from cooling so fast in its further ascent , as it did in ascending
below the base of the cloud now forming ; the current of air , however , will continue
to ascend , and grow colder about half as much as it would do if it had no vapor in it
to condense ; and when it has risen high enough to have condensed , by the cold of
expansion from diminished pressure , one hundredth of its weight of vapor , it will be
about forty -eight degrees less cold than it would have been if it had had no vapor to
condense , nor latent caloric to give out— that is,it will be about forty -eight degrees warmer
than the surrounding air at the same height ; it will , therefore , ( without making any al¬
lowance for the higher dew -point of the ascending current, ) be about one -tenth lighter
than the surrounding colder air , and , of course , it will continue to ascend to the top of the
atmosphere , spreading out in all directions above as it ascends , overlapping the air in all
the surrounding regions in the vicinity of the storm , and thus , by increasing the weight
of the air around , cause the barometer to rise  on the outside of.the storm , and fall  still
more under the storm cloud , by the outspreading of air above ; thus leaving less ponder¬
able matter near the centre of the upmoving column to press on the barometer below.

11. The barometer thus standing below the mean under the cloud in the central re¬
gions , and above the mean on -the outside of the cloud , the air will blow on all sides

from without, inwards,  under the cloud .* The air on coming under the cloud , being

^Besides the fluctuations of the barometer depending on storms , as explained in the text , there
are four daily fluctuations produced entirely by the increasing and diminishing elasticity of the air,
due to increasing and diminishing temperature.

When the sun rises , the air begins to expand by heat ; this expansion of the air, especially of
that near the surface of the earth , lifts the strata of air above, which produces a reaction , causing
the barometer to rise ; and the greatest rise of the barometer takes place when the increase of heat

subjected to less pressure , will ascend and carry up the vapor it contains with it, and
as it ascends will become colder by expansion from constantly diminishing pressure,

in the lower parts of the atmosphere is the most rapid—that is, about 9 or 10 a. m. The barome¬
ter from that time begins to fall ; and at the moment of maximum heat , when the air is neither ex¬
panding nor contracting , the barometer indicates the exact -weight of the atmosphere . The ba¬
rometer , however , continues to descend , on account of the diminishing tension of the air and
consequent sinking upon itself , as the evening advances , and its greatest depression is at the
moment of the most rapid acceleration of diminution of temperature , which is about 4 or 5 p. nr.
At this moment, the barometer indicates a less pressure than the true weight of the atmosphere . The
whole upper parts of the atmosphere have now acquired a momentum downwards , which , as the
motion diminishes , causes the barometer to rise above the mean ; this takes place at the moment
when the diminution of the motion downwards is the most rapid . This maximum of rise , which
takes place about 10 p. m., is small, when compared with that at 9 or 10 a. m. As the barometer now
stands above the mean , it must necessarily descend to a mean at the moment when the air is neither
increasing nor diminshing in temperature , which is just before sunrise . If this is the true explana¬
tion of the four daily fluctuations of the barometer , it will follow that the morning rise ought to be greater
at considerable elevations on mountains , provided they are not too great , because some of the air will be
lifted above the place of observation by the expansion below . And this deduction agrees well
with the observations of Colonel Sykes in India : he found the nocturnal falling minimum fluctua¬
tion from 10 or 11 p. m. to 4 or 5 a. m. to be .0181 inch at Poona , about 1,800 or 2,000 feet high,
and the diurnal rising fluctuation from 4 or 5 a. m. to 9 or 10 a. m. to be .0445 inch ; and at the height
of 4,500 feet he gives these same fluctuations , .0240 and .0636 inch ; and at the height of 6,407
feet, .0433 , and .0490 , as observed by Dr . Walker and M. Dalmahoy .— [Royal Phil . Trans , for
1835 , page 196.] At very great elevations , it is probable that there would be only two fluctuations in
a day—the maximum near the time of the greatest heat , and the minimum near the time of the greatest
cold of the air. At moderate elevations , such as four or five thousand feet, the effect is to prolong the
morning maximum at the upper station , so that it continues to rise there  for some time after it has begun
to descend at the lower station . Observations are wanting to determine this last deduction of theory.

[Since writing the above, I have seen Captain Wilkes ’s observations on a mountain in one of
the Sandwich islands , upwards of 13,000 feet high , where , from his tables , it appears that the ba¬
rometer had but two fluctuations in the twenty -four hours—the minimum early in the morning , and
the maximum towards 3 o’clock in the evening ; and this was the only point in my theory which
needed confirmation when the theory was proposed .]

The principle here assigned as a vera causa  is too plain to admit of doubt . It is the mere ap¬
plication of the law that “ action and reaction are equal and in opposite directions .” It may, how¬
ever , be illustrated in the following manner : Let a person balance himself in a pair of large scales
in a stooping position . If he raises himself, his scale descends ; and when he is erect , equilibrium
is restored . In stooping down , his scale ascends as soon as his downward motion commences;
and when his velocity downwards begins to diminish , his scale descends below equilibrium ; and
when he comes to rest , equilibrium is again restored : thus four oscillations of the scales will be
produced by one upward and downward motion of his body , corresponding to one expansion and
one contraction of the air in a day by heat and cold.
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5 and will begin to condense its vapor into cloud at the height indicated before, and
\ thus the process of cloud-forming will go on.
I 12. Nowr, it is known that the upper current ofair in the United States moves constant-
| ly, from a known cause, towards the eastward , probably a little to the south of east ; and,
^ as the up-moving column containing the cloud is chiefly in this upper current of air, it fol-
\ lows that the storm-cloud must move in the same direction.  And over whatever region
$ the storm-cloud appears, to that region will the wind blow below; thus the wind must
l set in with a storm from some eastern direction,  and, as the storm-cloud passes on, the
| wind must change to some western direction,  and blow, from that quarter till the end
\ of the storm. These are the elements of the theory of storms, which, with the numeri-
I cal results,-are demonstrated proximately in my work on the Philosophy of Storms.
^ 13. The fundamental principles of this theory, so far as 1 know, have never been dis-
| puted by any philosopher . It is true , Professor Peirce , of Harvard University, has at-
| tempted to show that I attribute too much  power to the evolution of latent caloric in the
5 formation of cloud when the dew-point is low; but his calculation is vitiated by two fun-

| damental errors , which, when corrected , will leave the result of my calculation untouched:
$ First.  Professor Peirce assumes it as a principle, that as the air ascends it will ex-
\ pand precisely as much as the pressure is diminished : that is, if one-tenth of the

pressure is removed by going up to a certain height , it will expand into one-tenth
greater bulk, and if one-half the pressure is removed, it will expand into double the
bulk, &c.—without making any allowance for the diminution of bulk produced by the
cold of expansion, which amounts to an important quantity at great elevations.

Second.  The Professor assumes it as a principle , that, if air is cooled one degree
by an expansion, from dimininished pressure , of one hundred and forty-second part
of its bulk, as it is, then an expansion into double the volume will cool it one hun¬
dred and forty-two degrees, &c. Now, ihough the exact  law of cooling for differ¬
ent expansions and different temperatures was not known when these calculations
were made, yet it was well ascertained that the rarer the air and the colder, the less
is the cold produced by a given expansion.

The number of degrees of cold actually produced in the ascending air, is not near
so great , at great elevations, as the law assumed by Professor Peirce would make it,
as will be shown more fully in the next report.

14. The theory , then, is impregnable on scientific principles ; and if it should ever
be refuted , it will only be by a long course of observations on storms themselves—
exhibiting phenomena altogether different from those which have heretofore been ob¬
served on this continent.

15. I am aware that Redfield, Reid , Piddington , and Thom, who have all ex¬
amined the phenomena of tropical hurricanes with much care and labor, have come
to the conclusion that these hurricanes are round,  and are exhibited in the form of
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great whirlwinds, in which the centrifugal force, by withdrawing air from the central
parts of the storm, causes the barometer to fall there , and, by bringing down the cold
air of the upper regions, and mingling it . with the warm air below, produces cloud.
But neither of these theoretical deductions can be correct ; for it is acknowledged by
them that the air blows inwards spirally, and of course upwards in the middle . Be¬
sides, even if it blew outwards from the centrifugal force, and came downwards in the
middle, no cloud could be formed by this downward motion ; for it is demonstrated
by experiment , that the further it descends the more vapor it will be able to contain;
so that even if it was saturated above when it descends so far as to occupy one-half
the space by increased pressure , it wfill then be capable of containing more than four
times the quantity of vapor which it contained above, in consequence of its increased
heat by condensation.

Again ; If it shall be determined that the air in some storms in the tropical regions
or elsewhere blows inwards, not directly, but spirally, there is no way of accounting
for a fall of the barometer in the central regions, but by supposing some cause for the
air’s running outwards above faster than it runs inwards below, while the barometer
continues to fall. This cause cannot be a centrifugal force above ; because the upper
parts of great storm-clouds exhibit no such phenomena . Besides, no other cause
than the evolution of latent caloric can be admitted , even in part , for the fall of the
barometer under the cloud, because this alone, as is shown in my philosophy of storms,
is adequate to the effect, whether the air moves directly or spirally inwards below.
Besides, if there is a whirl in any storms, as there probably is in some tornadoes, it
can only be explained by the centripetal force due to the fall of the barometer from
the cause which I have assigned—that is, the evolution of latent caloric by the con¬
tinual condensation of the vapor which goes up with the ascending air, and then only
in storms nearly round . When the temperature and dew-point are very high, and
the up-moving column of air is very narrow, the violence of the motion upwards may be
so great as to carry large drops of water formed in the cloud far up into the region of
perpetual congelation, where they freeze ; and not being permitted to fall back
through the ascending column, are thrown outwards at the sides as the cloud moves
along, in the form of two veins of hail, having imbedded in the hail-stones all kinds
of materials taken up from the surface of the earth by the ascending current.

In the case of a very high dew-point—that is, when there is a very great quantity
of vapor in the air—it is manifest, from the great quantity of latent caloric evolved in
the formation of cloud, that the top of the cloud will be at a great height from the sur¬
face of the earth, * because all the vapor will not be condensed until it has attained a
great elevation; therefore , the barometer will continue to sink lower and lower wfliile

* See next report, No. .66.
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