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8 PROGRAMME OF ORGANIZATION.

a considerable portion of the .interest which has accrued should be
added to the principal.

11. In proportion to the wide field of knowledge to be cultivated,
the funds are small. Economy should therefore be consulted in the
construction of the building ; and not only the first cost of the edifice
should be considered, but also the continual expense of keeping it in
repair, and of the support of the establishment necessarily connected
with it. There should also be but few individuals permanently sup-
ported by the Institution.

12. The plan and dimensions of the building should be determined
by the plan of organization, and not the converse.

13. It should be recollected that mankind in general are to be bene-
fitted by the bequest, and that, therefore, all unnecessary expenditure
on local objects would be a perversion of the trust.

14. Besides the foregoing considerations deduced immediately from
the will of Smithson, regard must be had to certain requirements
of the act of Congress establishing the Institution These are, a

library, a museum, and a gallery of art, with a building on a liberal
scale to contain them.

SECTION I.

Plan of Organization of the Institution in accordance with the foregoing
deductions from the will of Smithson.

To INcrease KNowrepee. It is proposed—

1. To stimulate men of talent to make original resecarches, by offer-
ing suitable rewards for memoirs containing new truths; and

2. To appropriate annually a portion of the income for particular
researches, under the direction of suitable persons.

To Drrruse KNowrepGE. It is proposed—
1. To publish a series of periodical reports on the progress of the
different branches of knowledge ; and

2. To publish occasionally separate treatises on subjects of general
interest.

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE.

I.—DBy stimulating researches.

1. Facilities afforded for the production of original memoirs on all
branches of knowledge.

2. The memoirs thus obtained to be published in a series of volumes,
in 1a quarto form, and entitled Smithsonian Contributions to Know-
edge.

3. No memoir on subjects of physical science to be accepted for
publication which does not furnish a positive addition to human
k.nowle(lgc, resting on original research ; and all unverified specula-
tions to be rejected.

4. Each memoir presented to the Institution to be submitted for
examination to a commission of persons of reputation for learning in

N\~






10 PROGRAMME OF ORGANIZATION.

reports may be published annually, others at longer intervals, as the
income of the Institution or the changesin the branches of knowledge
may indicate.

2. The reports are to be prepared by collaborators cminent in the
different branches of knowledge.

3. Each collaborator to be furnished with the journals and publica-
tions, domestic and foreign, necessary to the compilation of his report;
to be paid a certain sam for his labors, and to be named on the title-
page of the report.

4. The reports to be published in separate parts, so that persons
interested in a particular branch can procure the parts relating to it
without purchasing the whole.

5. These reports may be presented to Congress for partial distri-
bution, the remaining copies to be given to literary and scientific
institutions, and sold to individuals for a moderate price.

The following are some of the subjects which may be embraced in
the reports:

I. PHYSICAL CLASS.

1. Physics, including astronomy, natural philosophy, chemistry,
and meteorology.

2. Natural history, including botany, zoology, geology, &ec.

3. Agriculture.

4. Application of science to arts.

II. MORAL AND POLITICAL CLASS.

5. Ethnology, including particular history, comparative philology
antiquities, &c. :

6. Statistics and political economy.

7. Mental and moral philosophy.

8. A survey of the political events of the world, penal reform, &c.

III. LITERATURE AND THE FINE ARTS.

9. Modern literature.

10. The finc arts, and their application to the useful arts.
11. Bibliography.

12. Obituary notices of distinguished individuals.

I1. By the publication of scparate treatises on subjects of generul interest.

1. These treatises may occasionally consist of valuable memoirs
translated from foreign languages, or of articles prepared under the
direction of the Institution, or procured by offering premiums for the
best exposition of a given sulject.

2. The treatises should, i all cases, be submitted to a commission
of competent judges previous to their publication.









REPORT OF THE SECRETARY FOR 1858,

To the Board of Regents of the Smithsonian Institution :

GENTLEMEN : The principal event of importance in the history of
the Institution during the past year is the transfer of the government
collections from the Patent Office to the large room of the Smithsonian
building.

It will be recollected that by the law of Congress incorporating this
Institution ‘“all objects of art and of foreign and curious research,
and all objects of natural history, plants, and geological and mine-
ralogical specimens belonging to or hereafter to belong to the United
States which may be in the city of Washington, in whosesoever custody
the same may be, shall be delivered to such persons as may be author-
ized by the Board of Regents to receive them.”’

The law thus giving to the Smithsonian Institution all speci-
mens illustrative of nature and art to be found in the several offices
and departments of government was not construed as rendering it
obligatory on the Regents to accept these objects if they considered
it inexpedient to do so. Inasmuch, then, as this collection was
neither essential to the plan of organization nor directly subservi-
ent to the comprehensive purpose of the donor in regard to a
world-wide benefit, it was the ultimate decision of a majority of the
Board that it ought not to be accepted and that no part of the dona~
tion ought to be expended in the care of property belonging to the
government of the United States.

Previous to the discussion of this question it had been assumed that
the Regents were under an obligation to take charge of the museum,
and, on this account principally, a large and expensive building had
been thought necessary. After it was settled, however, that the
Regents were not bound to accept this trust, the work of construction
wag carried on more slowly, with a view at once to secure certain
advantages to the building itself, and to increase the principal by
funding the interest of the money which would be absorbed by its
completion.

In the meantime a very large amount of specimens of natural his-






REPORT OF THE SECRETARY. 15

U. Walter, esq., architect of the United States Capitol extension, for
the beautiful desizn of the cases, and to Edw. Clark, esq., architect of
the Interior Department, for the inspection of the work during its
progress and the examination of the accounts presented by the con-
tractor.

In order to increase the capacity of the large room appropriated to
the collection, the cases have been arranged in two stories, forming a
series of alcoves and a gallery on each side. By the adoption of this
plan space can be provided for double the number of specimens which
were exhibited at the Patent Office.

A considerable portion of the collections has been arranged, and a
taxidermist employed to repair the specimens of zoology which have
been damaged, and to prepare for exhibition others which had not
previously been mounted. The museum will soon be an object of
continued and increasing interest to the inhabitants of the city and to
strangers who visit the capital of the United States.

Among the specimens many duplicates occur which might be ad-
vantageously distributed perhaps to the principal societies of natural
history in this and other countries; and I respectfully ask the Board
of Regents to determine, regarding this point, whether, in their judg-
ment, the Institution can venture to make such distribution without
further instruction from Congress. If within its power, this measure
would seem evidently calculated to further one of the legitimate ends
of the Institution in diffusing more widely the materials of science and
the means of education.

An assent to the arrangement above stated for taking charge of the
government collections is by no means inconsistent with the regret
expressed in previous reports that the Jaw of Congress directed pro-
vision to be made from the Smithsonian fund for a public museum and
library. It must be evident to any one who attentively studies the
past history of the operations of the Institution that the interest of
the money expended on the building intended for this purpose would
have been much more efficiently applied in the developient and publica-
tion of new truths. But, in all cases where many views are to be
consulted, the question is not merely what ought to be, but what can
be accomplished. From the first there has existed a clear conception
of the means by which the idea of the donor could be best realized,
and.the aim of the majority of the Regents has continually been to
approximate, as nearly as the restrictions of Congress would allow, to
the plan originally proposed. The policy has been invariably the



























24 REPORT OF THE SECRETARY.

ceed with the vessel to a point south of Payta, where the eclipse would
be total, and furnished him with a telescope and a special chronometer
for the use of the officers selected to make the observations on shore.
The accounts of these gentlemen are embraced in the report of Lieu-
tenant Gilliss to the Institution.

Leaving Payta, on the morning of August 29, with such instruments
as it was possible to transport on mules across the desert in the northern
part of Peru, Lieutenant Gilliss proceeded to Olmos, a small town
within the outer range of the Andes, and in approximate latitude 6°
south, longitude 80° 10’ west. Illness prevented his reaching the
summit of the Andes, as he intended, and on the 5th of September he
encamped on an eminence one mile southeast from Olmos, and almost
on the central line traversed by the moon’s shadow. From August
21 until the day of the eclipse, there had been but two clear mornings.
On all the other days the sky was obscured until after 9 a. m.,
before which time the eclipse terminated. It was also cloudy at sun-
rise of the Tth, and until after the eclipse had commenced ; but as it
progressed the thin masses of vapor rapidly rolled from a portion
of the sky, and for some time before and after total obscuration only
a delicate film of mist intervened between the observer and the moon.
The observations, though unpromising at the beginning, were highly
successful.

The different astronomical phases of the eclipse were determined
with accuracy, and thus afford data for the improvement of the solar
and lunar tables. Interesting facts were also obtained in regard
to a phenomenon which has attracted much attention during later
eclipses, and is known under the name of the pink-colored protu-
berances or flame-like appearances projecting from the sun beyond
the limb of the moon. Simultaneously with the total obscuration of
the sun, Lieutenant Gilliss observed four marked protuberances of this
character beyond the lunar disk, one of them being more than 30° of
the sun’s circumference in extent. Their elevation did not exceed 1’
or 1' 10” of the celestial arc, the largest one being scarcely halt that
altitude. They resembled clouds, the thinner portions of which trans-
mitted the sunlight, but were wholly destitute of the rose color hith-
erto observed in total solar eclipses, and seen on this occasion by
the French officers «t Sechura bay. Those to the west and north
continued visible for one or two seconds after the sun’s limb was
uncovered. These prominences were plainly visible to the unassisted
_eye, and their proximate position and the absence of expected red color

























































REPORT OF THE SECRETARY. 43

lectures, it is cvident, from the interest which they still continue to
excite, must tend to promote the intclligence and morality of the citi-
zens, and the various scientific operations which are carried on in
connexion with the Institution diversify the objects of interest to the
public generally in what pertains to the national mectropolis. The
following is a list of the lectures delivered at the Institution during
the winter of 1858-"59 :

Two lectures by Dr. Joun Rax, of Canada, on ‘‘Arctic Explorations
and the Probable [Fate of Sir John Franklin.”

One lecture by J. G. Saxg, esq., of Vermont, on ‘“Poetry and
Poets.”

One lecture by Professor G. W. GREENE, of New York, on ¢‘ The
Artistic Life of Thomas Crawford.”

One lecture by Professor J. D. Dana, of Yale College, on ‘¢ Coral
Islands.”

Two lectures by Tromas CrLEMSON, esq., of Maryland, on ¢ Water ”’
and ¢ Nitrogen.”’

Two lectures by Professor P. A. Cuapnour~g, of Williams College,
on ‘“ Natural History as related to Intellect, Taste, and Wealth.”’

Four lectures by Rev. I. J. Comingo, of Ohio, on ¢ Rome, its His-
torical Reminiscences ; its Antiquities and Ruins; its Architectural
Monuments ; its Fine Arts.”

Four lectures by Professor A. Caswrry, of Brown University, on
¢ The Magnitude and Iigure of the Earth;’ ¢“The Law of Gravita-
tion;”” ¢ The Dimensions of the Solar System, or the Extent of our
Knowledge of Planetary Distances;’” and ¢ Sidereal Astronomy.”’

Five lectures by Professor J. P. Coox, of Harvard College, on
¢ Atmospheric Air,”” ““Oxygen and Ozone,”” ‘‘ Nitrogen,”” *“Water,”’
¢¢ Carbon,” &c., &c.

The lectures of Professor Caswell will be inserted in the Appendix
to this report, and, it is believed, will be found interesting to the
teacher, as well as to the general reader, on account of the informa-
tivn given relative to many points not usually dwelt upon in popular
works on the subject.

Respectfully submitted.

JOSEPH HENRY.
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W. E. Herndon, United States navy. These consist chiefly of verte-
brate animals and ethnological material. )

3. Exploration of the valley of Great Salt Lake, by Captain Stans-
bury, United States army. Collections in character much like the
last.

4. Exploration of the Zuiii and Colorado rivers by Captain Sitgreaves,
United States army, and the survey of the Creek Boundary by Cap-
tains J. C. Woodruff and Sitgreaves.

5. Presents made to the United States by the King of Siam and
other foreign governments, deposited by the State Department.

6. Collections of Commodore M. C. Perry, United States navy,
made while negotiating a treaty with Japan, and the presents to the
United States government through him from the Japanese authorities.

7. Collections made by Dr. D. D. Owen in his United States geolo-
gical explorations in the west.

8. Collection of birds, &c., of British Guiana, from Rev. C. W,
Denison.

9. African curiosities, deposited by Rev. Dr. Gurley, in behalf of
the American Colonization Society.

10. Miscellaneous specimens belonging to the old Washington
Museum and deposited by Mr. John Varden.

11. Miscellaneous specimens, including paintings and statuary, from
different individuals, presented to or deposited in the national gallery.

12. Collection of Indian paintings from the War and Indian Depart-
ments.

In addition to the collections above enumerated, the old hall con-
tained numerous specimens of different kinds belonging to or deposited
in the care of the National Institute. These the Smithsonian Institution
offered to take charge of, subject to such future order as the National
Institute might make in regard to them, but the offer was declined at
the time by its authorities and the specimens were left in their places,
but afterwards concentrated in several of the old cases of the Patent
Office hall. As no supervision is now exercised over thgm it is much
to be feared that great injury will necessarily result to the more per-
ishable portions.

Second. The collections in the Smithsonian Institution belonging to
the United States, and deposited in pursuance of the act of incorpora-
tion, other than those mentioned, are as follows :

13. Collections of the United States geological survey made in Iowa,
Illinois, and Minnesota, under Dr. D. D. Owen.

14. Collections made on Lake Superior, by Messrs. Foster and
Whitney.

15. Collections made by Dr. Charles T. Jackson.

16. Collections made in Oregon and Washington Territories, by
Dr. J. Evans.

17. Collections of vertebrates and minerals of Chile, made by Lieu-
tenant J. M. Gilliss, U. S. N.

18. General collections made by the North Pacific surveying and
exploring expedition under Captains Ringgold and Rodgers, U. S. N,
chiefly in the China Seas, Behring Straits, Coast of California, &c.

19. General collections made by the United States and Mexican
































































































































































































ON ASTRONOMY. 117

of the moon from some star in the vicinity. This method is applicable
to the moon, to Venus in conjunction, and to Mars in opposition. We
shall again have occasion to refer to it. The strict mathematical
treatment of the subject is quite elementary, but, to avoid tedious-
ness, I shall omit further reference to it.

The moon’s mean distance from the earth is found, by measure-
ments of this kind, to be very nearly 240,000 miles. Herschel gives,
more exactly, 237,000,

But the great problem is, to determine the distance of the sun from
the earth. This, which gives the means of expressing the distance of
all the planets in miles, the British Astronomer Royal pronounces to
be the grandest problem in astronomy. It is solved by two different
methods. One is by observations on the planet Mars in opposition,
when it is, of course, nearest to the earth; or on the planet Venus
when in conjunction, and also nearest to the earth. The other is by
the transits of Venus across the sun’s disc,

I have already stated that the relative distances of all the planets
from the sun have been known, with considerable accuracy, since the
time of Kepler. It only remains to find the absolute distance of one,
and then, as the periodic times are known with great precision,
Kepler’s Third Law will furnish all the other distances.

The semi-diameter of the earth, seen from the sun, subtends an
angle of a little more than 8}”, (8.”6.) This is the sun’s horizontal
parallax. It reduces the earth, as seen from the sun, to less than
one-half of the apparent diameter of Jupiter, as seen from the earth.
To appreciate the delicacy of this problem, it must be borne in mind
that an error of one second of arc in the parallax involves an error
of about 12,000,000 of miles in the distance of the sun. Moreover,
one second of arc is an extremely small quantity. None but the most
perfect instruments can pretend to measure it directly. The ;5
part of an inch, as any one will perceive, is an extremely small quan-
tity to deal with. But a circle must have nearly 18 feet radius in
order that 1" may occupy the space of , % part of an inch. Kepler
found reason to reduce the solar parallax from 3', as given by Ptolemy,
to 49", which necessarily placed the sun at nearly four times the dis-
tance assigned by his great predecessor. And yet Kepler’s measure
was only one-sixth part of the true distance.

To settle this question, or at least with the hope of getting a nearer
approximation, the French Academy,in 1672, sent Richer to Cayenne,
in South America, to make observations on the parallax of Mars in
opposition, while Cassini made contemporaneous observations at Paris,
By computation based on these observations the sun’s parallax was
reduced to 9.5 as the probable value, which removed the sun to five
times the distance adopted by Kepler. '

Flamsteed compared his own observations on Mars with those of
Richer, and deduced 10”. With the hope of obtaining still nearer
results, Halley visited theisland of St. Helena to observe the transit
of the planet Mercury across the sun’s disc in 1677, October 28, but
the result was not satisfactory. e was inclined to adopt 15" as the
true value.

The celebrated astronomical expedition of La Caille to the Cape
of Good Hope, in 1750, had for one of its objects to observe the
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76,000,000 of miles. These results agreed pretty nearly with those
derived from the observations of Richer, Cassini, and Flamsteed, three-
quarters of a century earlier.

In 1760 Mayer, from analytical equations involved in the lunar
theory, deduced a value for the sun’s par. = 7".8. :

But the transit of Venus was now near at hand, which alone could
satistactorily solve this great problem. Dr. Halley was the first to
perceive and urge the importance of the passage of Venus over the sun
tor this purpose. Asearly as 1716 he called the attention of astronomers
to the two transits which were to occur in 1761 and 1769, and most
earnestly urged them not to neglect so precious and so rare an oppor-
tunity of determining the planetary distances of the solar system. If
these opportunities were neglected the like would not again occur for
more than a century. ’

The (ransits of Venus invariably occur in June or December—those
at the ascending node in June, at the descending, in December. The
intervals between them are 8 years and 105}, then 8 and 1213, then 8
and 1051, and so on successively in that order.

The transit of 1639, December 4, was observed by Horrox and
Crabtree, two young men engaged in astronomical studies, in seclu-
sion, as Grant says, in one of the northern counties of Ingland.
They, by good fortune, (for the time of the transit was not accurately
known,) had ¢“the privilege of witnessing a phenomenon which human
eyes had never before beheld, and which no one was destined again to
see till more than a hundred years had passed away.”

In anticipation of the transit of June 6, 1761, encouraged by the
earnest appeal of Dr. Halley, several European governments and
learned academies sent scientific commissions to different parts of
the earth to observe it. The English sent Dr. Maskelyne to St.
Helena, Mason and Dixon to the Cape of Good Hope. The French
Academy sent Pingré to the island of Redrigues, in the Indian Ocean.
The Russians sent Chappe to Tobolsk, in Siberia, and Rumouski to a
station ncar Lake Baikal, on the Mongolian frontier. All the observa-
tories in Ilurope were put in requisition.

I shall hicre explain the method by which the sun’s parallax is de-
termined by the transit of Venus. At different stations on the earth
the planet will be seen to traverse the sun’s disc in different lines, and
will occupy unequal times. As the relative motions of Venus and the
sun are accurately known, the duration of the transit will show the
particular chord along which it passed. The two chords, as seen by
two obscrvers favorably situated, being known, will make known the
perpendicular distance between them. This perpendicular distance is
then compared with the diameter of the earth or some known part of
that diameter, and at ouce gives the sun’s parallax. The peculiar
advantage of this method is, that the distance between the two ap-
parent chords traversed by the planet is more accurately known by
the difference of times than by any direct micrometrical measurement.
This process will be easily understood by reference to fig. 13, where
A B represents the earth, V Venus, and S the sun. For the most
successtul result, the stations A and B should be at the extremities of
a diameter perpendicular to the plane of the ecliptic. At A Venus
will be seen to traverse the chord E n L, at B the chord D m H.
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But the foregoing result was not, perhaps, fully concurred in by
astronomers till Dr. Bradley, in 1725, discovered the aberration of
light, one of the most beautiful discoveries in the whole history of
science. Dr. Bradley, while prosecuting researches for the purpose of
detecting, if possible, the annual parallax of the stars, found that all
the stars were subject to an annual change of position, and that they
described orbits about their mean places having 40" of arc for their
major axis. Those situated in the ecliptic moved backward and forward
in a straight line. In proportion as they are removed from the ecliptic
the minor axes of the orbits increased, while the major axes of all
remain the same. And, what is quite singular, they are all displaced
or projected forward in the direction of that point in the heavens
towards which the earth is at the moment moving. The true expla-
nation of this fact was far from being obvious. It was at length sug-
gested to Dr. Bradley, on an occasion of being rowed across the
Thames. He observed that the streamer, at the top of the mast, indi-
cated a change in the direction of the wind while the boat was getting
under way. He inquired of the boatmen what made the wind change
when the boat began to move? They could give no explanation, but
said they had often observedit. But,on reflecting upon the subject, Dr.
Bradley explained it on the principle of the parallelogram of forces
The streamer would necessarily take the direction of the diagonal of a
parallelogram which should have for one side the velocity of the
wind, and for the other the velocity of the boat. This at once
explained, also, the displacement of the star. It must appear in the
direction of the diagonal of a parallelogram which should have for
one side the velocity of the earth, and tor the other the velocity of
light.

I.n f_igure 16, if E B represents that portion of the earth’s orbit
which is described in one second of time, and E S the distance traversed
by light in one second of time, then the star which is really at S will
appear to be at ', determined by the parallelogram formed on E B
and E 8 as sides. The angle S B &, which measures the displace-
ment, is called the aberration, and when largest is always equal to
20" of arc. With every star this maximum occurs twice in the
year, ag the time when the line of direction of the earth makes a right
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directly behind the wheel, with a rectangular opening in it. The
form of the opening in the diaphragm and in the teeth of the wheel are
seen enlarged in a part of the wheel ¢/, figure 18. As the wheel ¢
revolves, the opening in the diaphragm is successively opened and
closed with great rapidity. If it were to be permanently open, then
the light from the lamp would fall upon the plane glass m, a portion
would be transmitted and a portion reflected, which latter portion
would pass through the lenses a and 7, be reflected at =, return
again, fall a second time upon m, and be transmitted to the eye at e.
In this state of the apparatus the eye sees a bright point at the focus o.
The bright point continues visible until the velocity of the wheel ¢ is
such that one of its teeth passes over the notch in the diaphragm and
thus prevents the reflected light from coming to the eye. The bright
point is then eclipsed. This will necessarily take place whenever the
time occupied by the tooth in passing the space of the notch is the
same as that required by light in going from o to » and returning.

When the velocity of the wheel becomes so great as to close and
open the notch again while the light is going and coming, the bright
point will reappear. As the rotary speed of the wheel increases, the
point will be successively eclipsed. The rotary velocity of the wheel
18 registered by appropriate mechanism so as to mark with precision
the number of turns to a second, while the number of teeth in the
wheel will serve to determine the time in which one tooth passes the
notch. The distance between the stations was 8,633 metres, equal
to five and one-eighth miles nearly. The apparatus indicated the
time of traversing the double distance, or ten and two-third miles, to
be about - ;4,5 or t4{yq of a second, which makes the velocity of light
very nearly the same as that given by the preceding methods. Physi-
cal science presents few more striking results than this of M. Fizeau.

From the near agreement of these three independent methods of
determining the velocity of light we may safely conclude that the
probable error is small. Light moves with the amazing velocity of
192,000 miles per sccond.

‘We shall now proceed to inquire into the distance of the fixed stars.
And we may state, in the outset, that the only means of arriving at
an indication of this is an annual change in the position of the star.
But there are certain changes which are dependent upon known causes
which must first be allowed for. These are refraction, aberration,
and nutation. The refraction varies with the altitude of the star
aberration for any particular star depends on the season of the year2
nutation, (another fine discovery of Dr. Bradley, in consequence of
which the star describes a little ellipse about its mean place once in
about nineteen years,) depends upon the position of the nodes of the
moon’s orbit. This 1nequality is due to the action of the moon upon
the spheroidal figure of the earth. The amount of these corrections
is well known. Now, if there is any change in the position of a star
over and above what is due to the above causes it must be referred
either to its own proper motion or to the change of position of the
earth in its orbit. But these two are not liable to be confounded the
one with each other. 'The proper motion will be progressive from year
to year in the same direction., Any change due to the motion of the
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metric measurements, concluded that Sirius must be 140,000 times more
distant than the sun. But even this is much within the true distance.

But let us glance at the actual measurements which have enabled
the astronomer, in some few cases at least, to sound the amazing depths
of the heavens.

The star y Draconis, of Flamsteed’s catalogue, has a very large
proper motion, amounting to nearly 5” annually. Under the suppo-
sition that those stars which have the greatest proper motion are
nearest to us, and therefore most favorable to researches on the par-
allax, this star was selected by Dr. Bradley for special observations,
with a view to detect this element. It had also the great advantage
of passing near the zenith of the Wansted observatory, by which the
troublesome irregularities of refraction would be avoided. He failed
to detect any parallax, but his labor was rewarded by the beautiful
discovery of the aberration of light. Bradley depended upon finding
a variation in the elements of right ascension and declination. But
this is by no means the most delicate test which can be applied for the
determination of a minute annual change in the position of the star.

Galileo was the first to suggest that where a large and a small star
are very close together the smaller star might appear faint from being
placed at a vastly greater distance than the larger. If this were not
always the case, of which there is no probability, it would be likely to
occur in some instances. Wherever this holds good the stars will
undergo an annual change in their relative positions, either approach-
ing and receding from each other, or the one revolving about the other.
Thus, in figure 19, if we suppose s and ¢ to be two stars situated in a
right line from the sun and in the direction of the pole of the ecliptic,
a8 the carth goes round in her orbit A E B the star s may appear to
revolve round &', and it must do so if the radius of the earth’s orbit
holds any assignable ratio to the distance of the nearer star. Thus,
when the earth is at A, s will appear at @ in the distant heavens;
when the carth is at B the star will appear at e; the earth at B will
carry the star to b; and hence while the earth goes round in the orbit
A I D the star S will appear to go round ¢ in the curve a e b. No
instance has been discovered where this idea has been fully realized.
Nor indeed could any available results be obtained from it until a
very late period, for the want of instruments fitted to measure so small
an angle as the largest annual parallax. The micrometer in its dif-
ferent forms supplics this want. The manner in which very minute
angles are measured by this appendage to the telescope will be under-
stood by a refercnce to figure 22,
which is a rectangular frame
with a fine screw at ecach end =
passing through the frame and 7nAf
attached to sliding pieces within
it. These sliding pieces carry
the spider lines a and &, which
by turning the screws are made
to approach or separate from each other. Graduated circles are
fixed to the heads of the screws. Suppose one complete revo-
lution of the screw changes the position of the spider lines by 2/ or

(I
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the discussion of his observations, on which, as Herschel remarks,
¢ every imaginable cause of disturbance was taken into careful con-
sideration and its effects rigorously calculated,”’ he reached the con-
clusion that the parallax of 61 Cygni was 07.348.

From this we infer that light would reach us from this star in 9%
years. This result of Bessel has received the most ample confirmation
by Peters of Pulkowa, who, in a series of observations, made in 1842
and 1843, with consummate address in the use of every refinement
which could insure accuracy, found the parallax of this same star to
be 07.349, differing from the result of Bessel by only the +4'5 of a
second. Such a coincidence between the results of different observers,
with different instruments and in different places, cannot but inspire
great confidence in the conclusion to which they have come.

The star @ Centauri, the brightest star in the southern constellation,
has been much observed with a view to its parallax; first by Hen-
derson in 1832 and 1833, then by Maclean in 1839 and 1840, and
again in 1848, both at the Cape of Good Hope. The mean of the
results gives for the parallax of this star 0”.915, which places it nearer
to our system than any star whose parallax has been determined.
And yet light would be nearly four years in coming from this our
nearest stellar neighbor.

The parallaxes of the following stars have been proximately de-
termined. I give them in a tabular form, with their parallax, the
name of the observer, and the number of years required for light to
come from the star to us:

Stars. Parallax. Observers, Years.
"

aCentauri ... _..____.__.__.. 0.915 | Henderson..e-aeacecmeacan.. 3.6
DO e e 0.918 | Maclean. . ocoumce o eeeafcaae oo
61 Cygni - oo 0.348 | Besselommmo oo 9.4
aiyrae - oo ooao_ ... 0,261 | SEruve e e ciiea oo 12.6
[ 31 L 0.230 | Henderson amm e e ceaoo_ooe 21.9

1830 of Groombridge’s Catalogue. .. 0.226 | Peters. oo iaaaa. 22.
¢ Ursae Majovds .o oo ooaaa. 0,133 |ccendOmc e 24.8
Arcturus . oo ... 0,127 |eaaadOumm e 25.9
Polaris oo oo ill. 0,067 |-eeadOmmmm oot 31.1
Capella o oo oL ,‘ 0. 046 |-eeeGOummmme oo 71.7

|

The parallax bears no definite ratio to the magnitude of the star.
The severest scrutiny of the bright star o Cygni, by the powerful in-
struments of Peters, showsabsolutely no indication of any measurable
parallax.

We can now give at least a partial answer to the question, how far
off are the stars? An infant is born, and at the same time a beam of
light starts from the bright star in the Swan on its way to our distant
world. The child passes through the slow-recurring stages of life,
reaches manhood and old age, and lingers his full century and dies ;
and the light has not yet reached us! Such is the distance which we
vainly try to contemplate,
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it developed in its true form  If that plane should coincide with the
visual ray, then, whatever the real form of the orbit, it would appear
to us to be a straight line. The companion would make a transit
across the principal star, or be occulted by it every semi-revolution.
It is now well known that, in the binary systems, the stars revolve in
elliptical orbits. Of this class Sir John Herschel gives a catalogue of
15, in which the periodic times and the forms of the orbits have been
proximately determined. The periodic times vary from 31 to 736
years. 7 Leonis, not included in his catalogue, indicates a period of
1,200 years. Of these stars, some have completed more than a revo-
lution since their orbits were computed. One of the most interesting
of the double stars is y Virginis. The companion passed the peri-
helion of its orbit in 1836, when no telescope in Europe could sepa-~
rate the two. The periodic time is 182 years, the major axis 3".5, the
orbit very elliptical.

Fig. 21 gives a view of the re- .
spective positions of the companion &,
from 1830 to 1844. P e

These orbits of the double stars ﬂ/ Ny
furnish the most conclusive evi- 25, \
dence that the law of gravitation o
controls the movement of the most o
distant stars no less than the orbits /%%
of the component members of our /
own system. It is truly and em-
phatically the law of wuniversal 102 @
gravitation, and binds together, in . \
the strictest sense, the material |
universe of God.

Such are the methods by which
we ascend to the vast heights of sidereal astronomy, and such are the
lofty conceptions which it gives us of the works and attributes of the
Great Creator,
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to the friends of enlightenment, and attest more strikingly the irre-
pressible influence of true merit, when it is considered that he who
was 1ts object used no address or management in securing it ; that,
on the contrary, his life was one of almost ceaseless controversy ; that
he seemed on all occasions to take pleasure in contesting the most ac-
credited opinions, and attacked without scruple the most cherished
interests of certain classes of men.

It is true that this excessive ardor in the assertion of his own ideas
drew upon him the bitterest resentments, exposed him to all sorts of
calumny, and more than once rendered him the victim of cruel perse-
cution. A mob, excited by the false reports of his enemies, snatched
from him in a single day the fruits of all his labors, and only by
withdrawing from his country did he succeed in baffling the fury of
his persecutors. But when his own countrymen seemed to forsake
him, there were others eager to offer him an honorable asylum. And
now, when the principal literary institution of a nation at war with _
his own, tenders him through my voice the last sad tribute which it

-owes to all its members, I see among the audience many to whom
Priestley has been heretofore opposed, who yet seem to join their suf-
frages with mine and crown by their generous concurrence the measure
of his triumph.

Science and philosophy will have nothing to fear from their bigoted
adversaries so long as such a recompense shall await the man who has
enlarged the noble edifice of our knowledge; so long as genius shall
be regarded apart from its merely local relations, and the developiuent
of new truths shall procure indulgence for any incidental waywardness,
singularity or even rashness of opinion ; for it must not be dissembled
that in matters of opinion Priestley has made himself liable to ex-
ceptions of this nature.

In effect, his history will exhibit him in the light, as it were, of two
different—I had almost said, two contrasted—individuals.

One, the circumspect observer of nature, confines himself to the
examination of objects which lie within the domain of experience,
subjects every procedure to a strict and cautious logic, indulges neither
in speculation nor prejudice, but seeking only truth, whatever it may
be, seldom fails to discover and to establish it in the most satisfactory
manner : the other shows us the adventurous theologian, who grap-
ples boldly with the most mysterious questions, rejects authority
however consecrated by the respect and belief of ages, and, abandon-
ing himself to the heat of controversy, with opinions formed in ad-
vance, evinces as much solicitude for the success as concern for the
validity or even consistency of his hypotheses. The former calmly
resigns his discoveries to the examination of the learned, and finds
them received withont hesitation and his own merit acknowledged
without contradiction: the latter invests himself in the warlike
panoply of erudition and metaphysics, attacks with little discrimina-
tion whatever sect or dogma prescuts itself, and too often revolts
the conszience by the aggressive zeal with which he seems bent on
subduing it.

It is against the divine, the minister of peace, that all are in arms ;
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remained eleven years, up to the time of the disturbances which com-
pelled him to quit that city and determined him to seek a refuge in
the United States. Such is the brief yet complete outline of his pri-
vate life; the history of his works, as it is more important, must be
more extended.

The first of them were intended for the service of education, and an
English grammar, his earliest production, is still used in the schools
of Great Britain. His historic and geographic charts deserve to be
used everywhere for the ingenious manner in which they represent the
origin and fall of each State and the career of every celebrated man.
His lessons on history evince both the comprehension and knowledge
requisite for a profitable study of the revolutions of nations. Those
on oratory and criticism are recognized as useful guides to the exer-
cises of the young.*

This didactic form was that which he still employed in his first
works on physics ; his histories, namely, of electricity and optics, and
his elements of perspective. The history of electricity was judiciously
timed, for it appeared just when Franklin, by the boldness and suc-
cess of his investigations, had thrown the brightest lustre around this
interesting branch of physics, and as all that had been done up to
that date was here presented in a clear and concise form, it was trans-
lated into several languages and first drew some notice in foreign
countries to the name of its author.

The ungrateful task, however, of recounting what had been done
by others was not long to limit the activity of Priestley. He proceeded
without loss of time to place himself'in the line of physical discoverers,
and it was chiefly by his researches into the different kinds of air that
he merited that title and established the most durable monument of his
own renown.

It had long been known that many bodies give out air and that
others absorb it under certain circumstances. It had been observed
that the air of neglected privies and of the bettoms of wells, with that
evolved by fermentation, extinguishes light and destroys animal life.
A light air, also, had been observed in the interior of mines, floating
mostly about the vaults of the passages, and kindling sometimes with
tearful explosions. The former had received the name of fized and
the latter that of inflammadle air. They are the same which we now
call carbonic acid gas and carburetied-hydrogen. Cavendish had
determined their specific gravity ; Black had ascertained that it is
the fixed air which renders the alkalies and lime effervescent ; and
Bergman had not been backward in detecting its acid properties.
Such was the state of knowledge in these particulars when Priestley
laid hold of the matter and treated it with a felicity altogether peculiar
to himself.

Happening to be lodged, at Leeds, next door to a brewery, he had
the curiosity to examine the fixed air which is exhaled from beer in

* Referring to these productions, Lord Brougham remarks : ¢ It is difficult to imagine any-
thing wore adventurous than the tutor of an academy afilicted with an incurable stutter,
and who devoted his time to teaching and theology, promulgating rules of eloquence to the
senators and lawyers of his country.”
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vegetables restore, and combustion alters. He named it dephlogisti-
cated air, .

The other aeriform fluids which differed from the atmospheric air
had been found to extinguish lights: this caused them to burn with
a brighter flame and with wonderful rapidity. The others deprived
animals of life: in this they lived longer than in even the common
air, without need of renewing it, while their faculties seemed to acquire
from it a greater energy. For the instant it was imagined a new
means of existing, and perhaps of prolonging life, had been discov-
ered, or at least an assured remedy against the greater part of the
maladies of respiration.

This hope has proved deceptive, but dephlogisticated air has not the
less remained one of the most brilliant discoveries of the eighteenth
century; itis this which, under the name of oxygen, modern chemistry
regards as one of the most universal agents of nature. By its means
all combustion and calcination are effected ; it enters into the compo-
sition of all acids ; it is one of the elements of water, and the great
reservoir of fire; to it we owe almost all the artificial heat which we
procure in common life and in the arts; this it is which, in respira-
tion, gives to all animated bodies their natural warmth and furnishes
the material principle of their movements. The energy of different
kinds of animals is in proportion to the force of its action upon them,
and in the growth of vegetables there is no period when they do not
combine with or disengage it in different manrers. In a word,
physics, chemistry, and physiology, both animal and vegetable, have
scarcely a phenomenon which they can entirely explain without the
element in question.

What has been said is but a slight sketch of the most remarkable
discoveries of Priestley ; time forces us to neglect a multitude of others
which would of themselves furnish ample materials for the eulogy of
another man. Each of his experiments has proved fertile in conse-
quences, and it can scarcely be doubted that there are some of them
which only await a closer attention to become the germ of new and
important deductions. :

Hislabors, as might be expected, werereceived with general interest ;
his works translated into all languages, and his experiments repeated,
varied, and commented upon by the ablest inquirers. For his earlier
researches on phlogistic air the Royal Society had awarded him Cop-
ley’s medal, which is bestowed for the most important physical labor
made public within the year, and which England regards as the
noblest prize of scientific merit. The Academy of Paris accorded him
a prize not less noble, and, because rarer, of more difficult attainment,
the place of one of its eight foreign associates; an object of compe-
tition to all the scientists of Europe, and whose list of names, com-
mencing with those of Newton, Leibnitz and Peter the Great, has
never degenerated from that original splendor.

Priestley saw with surprise this accumulation of honors and mod-
estly wondered at the multitude of precious truths which nature
seemed to have reserved for his sole discovery. He forgot that her
favors are never gratuitous, and that i she had so freely disclosed her-
self, it was because he had known how to extort her answers by the






















































INSTRUCTIONS FOR COLLECTING INSECTS. 161

nally, many minute species will appear on throwing with the hand
water on the damp mud of the banks of streams and lakes.

The most suitable times for collecting Coleoptera are the spring and
autumn ; during the great heats of July and August they diminish
greatly in numbers ; the search for them should begin as soon as the
frost is out of the ground; at such times water beetles and those
found in ants’ nests, under bark, and under stones, are numerous.

COLLECTING INSTRUMENTS,

The collector of Coleoptera will require three nets: a large one,
fourteen inches in diameter, made of thick white muslin, of strong
construction, suitable for beating the bushes or for taking specimens
on the wing, provided with a handle not more than fourteen or
eighteen inches long; a smaller one, ten or twelve inches in diameter,
also of strong construction, with a bag of millinet, suitable for raking
up material from the bottom of ponds, streams, &c.; and a third, with
a long handle, provided with a bag of gauze for catching cicindele,
(the actively flying species seen in roads.) These nets are suitable
for the collection of all insects, and their form and construction have
been described under the directions given regarding other orders.

A very convenient bag may be made for beating bushes, &c., out
of a bar hinged at two places, so as to form an isosceles triangle ;
the long legs serve as handles, and the bag of muslin may be fastened
to the short leg and the bases of the long ones. An umbrella frame
covered with white muslin also answers an excellent purpose.

Much may be done in the collection of minute Coleoptera by passing
the material washed up by the waves of a lake or stream, or the earth
of an ant’s nest, through a sieve having not very fine meshes; the
material passing through is received on a sheet of paper or a hand-
kerchief, gently pressed, and then watched carefully for a few moments;
the insects may be detected by the moving of particles, and can then
be easily secured.

METHOD OF PRESERVING SPECIMENS.

A. For Transportation.

Coleoptera obtained on journeys, where economy of time and space
is of importance, should be always placed in strong alcohol. The
bottles to receive them should be small, not more than eight ounce
bottles for large specics, and one ounce or smaller for the minute
ones. When the bottles are filled with specimens, the liquid should
be poured off and replaced by strong alcohol; thus the specimens will
be rendered firm and can be preserved indefinitely. 7'he colors do not
change.

It bottles are in danger of being broken, the specimens, after re-
maining for a day or two in alcohol, may be taken out, partially
dried by exposure to the air, but not so as to be brittle, and then
packed in layers in small boxes between soft paper; the boxes should
then be carfully closed with gum paper or paste, so as to exclude all
enemies.

11
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animal when moving, and the legs should therefore be in a somewhat
depending position, .

Cabinets.—The specime 1s should be preserved, either in drawers with
tight covers in which are fitted panes of glass, or in boxes with very
carefully fitting covers which lift off ; boxes in the form of books are
also used, but the cover being affixed to the box is in the way of the
student. I have found that the best size for boxes required for con-
stant study is 12 inches by 8% or 9 inches, (inside measurement ;) the
depth is to be proportioned to pins used, but one inch and a half clear
of the cork, with which the bottom is lined, will be found ample. The
boxes should be made of thin, well seasoned board, so that they will
not become warped, lined with sheets of cork, such as used for boot
soles, then neatly papered, and kept horizontally in a piece of furni-
ture made for the purpose, the doors of which fit very closely by means
of a tongue and groove running all around. Camphor should be kept-
always in abundance in the boxes or in the cabinet alongside of the
boxes, and during the warm season every box should be looked at at
least once in each month. The presence of infection is seen by the
dust at the bottom of the pin bearing the infected specimen ; this
should at once be removed and dipped in alcohol or boiling water.
Where it can be procured, benzine is the best material to use ; it is ta
be applied with a pencil over the whole surface, and then the speci-
men is to be brushed with a clean pencil. Such preparation is con=
sidered in Paris to protect the specimen ever afterwards from infection.

I have tried various poisonous solutions, such as tinctures of strych-.
nine, picrotoxine, piperine, &c., without avail. Arseniate of potassa.
will protect the specimens but injure the appearance very much,

When a specimen is badly gummed or pinned, it is to be thrown in
boiling water for a short time, varying from half a minute to five:
minutes, depending on the size of the specimen, and the pin or card
can(1 then be removed, and the specimen repinned or reset on a clean
card.

For the purpose of distinguishing specimens from different regions,
little disks of variously colored paper may be used ; they are easily
made by a small punch, and should be kept in wooden pill boxes ready
for use; at the same time a key to the colors, showing the regions
embraced by each, should be made ou the fly leaf of the catalogue of
the collection, or in the Mclsheimer catalogue, so as to be ever at hand
for persons consulting the collection.

The specimens should all be pinned at the same height; the eage
of recognizing species allied in characters is greatly increased by hav-
ing them on the same level, and a general appearance of neatness ig
given which cannot otherwise be obtained.

It is better, even where numbers with reference to a catalogue are

. . o
employed, that the name of each species should be written on a label
attachied to the first spccimen. Thus the eye is familiarized with the
association of the species and its name, memory is aideq, and a greater
power given of identifying species when the cabinet is not at hand.

No manual applicable to the Coleoptera of the United States has
yet been prepared ; such a work is much needed, as the student is now
obliged either to seek in a large number of works the information he
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the corollas of flowers and between the leaf and stock of certain plants
having no foot-stalks to their leaves; in the evening they are active,
and may frequently be taken with a nct, whilst flying, just before
sunset.

Cocl:roaches of various kinds may be found beneath sticks, stoues,
rubbish, &c., and under the bark of decayed trees, mostly in damp
situations.

Spectres or walking-sticks are to be found upon trees and shrubbery,
and require very close searching to discover them, their color being
generally so much like that of the bark or twigs of the trees they
inhabit.

Praying-mantes are usually most abundant in gardens upon all
sorts of vegetable watter, and, being large and conspicuous objects,
may be readily seen and captured with the hands or net. Their time
of appearing is from the middle of July to the end of summer.

G rasshoppers are abundaunt everywhere ; Some of the species fly very
swiftly, and can only be obtained by following them with the net. The
species are usually most numerous upon heaths, commons, and fields
of grass. There are also a few kinds found jumping about near the
margins of streams upon bare sandy places not covered by the water
at high tide. These 1nsects may be found during the whole year, but
their numbers greatly increase as the warm weather comes on.

Katydids live upon trees and high shrubbery, and may be best
collected by beating into an umbrella ; this must be done quickly,
however, as they very soon recover from the effects of their fall, and
their long legs enable them to jump to great distances ; their time of
appearing is late in the summer or early part of autumn.

Crickets are found the whole year round under logs, sticks, and
stones ; their numbers are considerably increased by the early part of
autumn, when they may be collected by sweeping from the grass, &c.

All the kinds of insccts before enumerated may be placed in alcohol
and suffered to remain in it for a considerable time without much
change in their colors; it is very necessary, however, to have the
bottles filled quite full in order to transport them ; shaking about
separates the parts, dec.

This order of insects may be collected during the entire year, but
the best times are in the warm parts of spring and autumn ; at these
seasons their eggs are gencrally laid and the creatures arrive at their
full state of perfection,

HEMIPTERA.

This order includes what are properly so called bugs, harvest flies,
or cicadas, (improperly called locusts,) trec-hoppers, vine-hoppers,
plant-lice, &c. The bugs are divided into terrestrial and aquatic.
The terrestrial kinds are all found during the warm weather upon
vegetable matter, and may be collected in all the ordinary ways, sha-
king into an umbrella, sweeping from the grass and low plants with
a net, picking up with the hands, &c. The aquatic species can be
obtained by fishing with a net amongst the mud at the bottom of
ponds and streams and amongst water plants, and some are found
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have a knob at the end. They must be killed, like the Dragon flies,
by applying alcohol with a brush.

Wihite Ants will be found swarming in decayed logs, beneath stones,
&c. They are very tender, and must be pinned at once. The insects
of this order live during the warm weather only, and can be collected
in the greatest numbers when the sun shines warmest and the days
are fine. Many of them may be obtained by spreading a sheet in the
woods or near some stream, among the bushes, during the night, and
placing over it a bulls-eye lantern ; the insects will be attracted by
the light, and by means of the white sheet they can be more readily
seen and taken with the net. This is also a most excellent method of
mothing during the hot summer evenings.

INSTRUCTIONS FOR COLLECTING DIPTERA.

BY H. LOEW, WITH ADDITIONS BY R. OSTENSACKEN.

The first instrument I use in a locality, the fauna of which I am not
well acquainted with, is a linen bag, fourteen inches in diameter and
two and a half feet long, a little rounded at the top or apex, and
attached to a strong iron ring, with a hollow metallic handle, in which,
if necessary, a cane or other piece of wood may be inserted. With
this bag I begin to sweep, and in a short time ascertain what insects -
abound in the grass, on the flowers, or in moist or dry places, &ec.
After the last sweep, by a dexterons twist of the handle I throw the
apex of the sack over the ring, so as to prevent the escape of the
insects, and give them time to compose themselves at the bottom. It
is then opened, and I insert my head into it to see what I have cap-
tured. They immediately begin to move upwards. The common
specimens I allow to pass; but if there is one which I desire to take,
I'let it advance to the middle of the bag, and then gently grasp it,
from the outside of the bag, with the right hand. The other captives
I drive down to the bottom by blowing moderately on them, and con-
fine them there by letting the ring fall over the right hand, which
holds the insect, which is now easily seized with the left hand. This
operation is repeated until everything desirable is taken out, when the
bag is emptied of its contents by inversion, and the sweeping recom-
menced.

This is the most important of all the implements used by the Dip-
terologist. Its employment prevents him from wasting his time in
barren localities, promptly indicates the presence of rare species, and,
by furnishing this information, enables him afterwards to have an
abundance of specimens.

When I have, by the use of the bag, discovered the locality of rari-
ties, I use another instrument, which is nothing more than an ordi-
nary insect-forceps, of the form shown in fig. 1. Here, b is the place
for the thumb, ¢ is the joint placed near the handle in order that the
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not require much care ; only do not let the place in which they are
kept be too warm. Those I wish to separate are put in large glass
jars, the tops of which are covered with paper. The others I place in
a wooden box, which I keep in an unheated room, on the window-sill.
When they are developed trom the pupa towards spring, they natu-
rally {ly to the window, from which I take them with a glass vial, or,
what is better, with a small chip-box furnished with a glass bottom.

The third point of great importance is the preparation and pinning
of the specimens for the cabinet. Sulphuric ether and chloroform are
but inferior means of killing them. Specimens too long exposed to
these agents are apt to spoil, and, if too little exposed to them, they
revive. They answer only for certain tender minute species, of which
I shall speak below. The best means of killing them are kreosote and
the smoke of a strong cigar. The general rule is, to pin the flies
whilst living, and thus to put them into the collecting box, which
should have the bottom well moistened with kreosote, and be made
tight. The captives will soon die, and thus, time after time, fresh
subjects may be put in as they are caught. I have had boxes in which
the largest Diptera were almost immediately killed, although the kreo-
sote had not been renewed for six days, and which were still fatal to
smaller species for six months afterwards. If youhave no boxesthus
prepared with kreosote, or, if you wish to avoid the odor of it, then
prepare a box, so that, when it is full of pinned specimens, you may
blow a few strong puffs of cigar-smoke into it, and all life will soon
cease.

In the pinning of specimens, the long pins are greatly to be Fiz 2
preferred to the short ones. Five-sixths of all the entomolo- T
gists now use the long pins. m n, fig. 2, is the normal length {4
of pins which are used for Diptera ; the finer kinds may be of .13
the length m d.  The insects must be pushed high enough up
the pin to enable the surface of its back to be examined with an
ordinary lens without being incommoded by the pin’s head.
The back of the insect must, of course, be a little nearer the
pin’s head than the length of the focus of the glass. As smaller
1nsects must be examined by glasses of higher power, they must
be brought nearer the pin’s head than larger ones.

Large flies may be pushed up so that their backs come to &, 4 -|-
which smaller ones should reach @. Since the beautiful magni- |*
fiers of Oberhauser, which allow the application of a lower power,
have come into use, insects may be pinned at a greater distance from
the head, but not much greater,

The minute and tender species, such as the smallest Cecidomyice,
C’ampydonygw, and others, must b(; treated differently, They cannot
be pinned in the ordinary way with safety. Van Heyden has pro-
posed the most rational and elegant method. The smaller species are
caught by the linen hag, and are then put into very porous chip pill
boxes, and are killed with cigar smoke, if boxes moistened with
kreogote are not preferred. When twenty or thirty are captured the
box is turned up so that specimens fall into the cover. They are then
transfixed from below on fine silver wire, but not so as to allow the
wire to project beyond the thorax, The silver wire must previously
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bet. Some persons, in addition, fasten the cover down by means of
brass hooks, to prevent warping, (fig. 7.) Fig. 7.
The boxes may be made of any well seasoned
wood. The bottom of the boxes should be 4/@,)
made of wood cut horizontally from the trunk [/
in plates one-fourth to one-third of an inch ()/
.
G

thick, and in this case we may use the harder
kinds of wood from deciduous leaved trees,
except when the rings making the last growth
of the year are very hard, or else a very soft wood may be used, such
as the partially decayed wood of dead linden or poplar trees; but the
pieces are cut out lengthwise in the ordinary way. In both cases the
finest pins can be easily inserted into the wood without risk of injuring
their points and hold very well. But in the latter mentioned kind of
bottom a fine pin readily takes a wrong direction, and after having
been taken out it is difficult to insert it again in a perpendicular posi-
tion. The use of soft material for lining the bottom of the boxes has
been generally abandoned in the best collections. It is only when
perfectly tight boxes cannot be procured that the lining is used, and
then not so much with reference to the insertion of the pin as to facili-
tate the poisoning of the box and to exclude the acart, psoci, and other
inseets.  The best material for this purpose is blotting paper spread
over with mercurial ointment, and over this is laid a fine oiled silk of
light color. The oiled silk may be faintly ruled with cross lines to
facilitate the symmetrical arrangements of the specimens. If the oiled
silk is fine enough it offers no perceptible resistance to the finest pin.
But a more serious inconvenience is, that it prevents us from seeing
the texture of the wood at the place where the pin is to be inserted,
and hence the points of the very fine pins are liable to injury. On
this account it is much better to use wooden boxes without any lining,
and these when neatly made look well enough. But if it is deemed
desirable to still further improve the appearance of the boxes, a sheet
of thin paper may be spread over the bottom, provided the texture of
the wood is very uniform or very fine pins are not to be used. This
paper may be renewed from time to time, and should be fastened by
glue and not by paste, which only furnishes a bait for destructive
insects.

1f it is deemed advisable to poison the boxes, it is most conveniently
doce by means of bits of felt smeared with mercurial ointment, which
are fastened in the covers. During the examination of the insects the
covers may be sct aside, if any injury to the health is apprehended ;
but of this there is not the slightest danger.

In securing the insects in the collection there is one indispensable
rule: nothing should touch the bottom. The Jabels of genera and
species, as well as those on the pin, with each specimen, should be as
high as possible ; the first being nearly on a level in the specimen.

The Jabels are best made of stout paper, as they are then better
Lept in position on pins of moderate thickness.

L
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the following observations of Dr. Schiener (Wiener Entomol. Monat-
schrift, 1858, p. 175) may prove useful :

“From manifold and repeated experience I have arrived at the con-
clusion that whenever one sex of a Dipterous insect appears in great
numbers, the other is always to be found somewhere in the immediate
neighborhood.

¢““If the males soar in the air we can generally predict with certainty
that the females are not far off quietly reposing on trunks of trees, as
is the case with the Anthomyzide, or on the under side of leaves, as
with the Syrphidce.

“If every indication of the resting place fails, I then commence
catching everything living and flying in the immediate vicinity,
sweeping in the air and shaking or beating the leaves and grass, and
in this way I have generally succeeded in obtaining, among one hun-
dred specimens of the one sex, at least one of the other.

“The males soaring on the tops of mountains are generally isolated,
but on descending several hundred feet we will seldom look in vain for
the other sex resting on leaves or the heads of umbelliferous plants.

“I have even succeeded, by patient perseverance, in Jdiscovering
single males among the numerous female horse-flies (Zabans) which
attack cattle.”’

Those who wish more detailed information about the localities where
rare species of Diptera have to be looked for will find them in Bremi’s
excellent paper on this subject, (Isis, 1846, p. 163,) as well as in an
article of Mr. Hoffmeister, in the ¢‘Entomologische Zeitung’’ of
Stettin, 1844, p. 350.

INSTRUCTIONS FOR COLLECTING LEPIDOPTERA.
BY BRACKINRIDGE CLEMENS, M. D.

This order of insects includes the butterflies, sphinges, and moths,
and is divided by systematists into two very distinct and easily recog-
nised sections.

The members of the first are known as diurnal Lepidoptera, or
Lhopalocera, and are characterized by possessing antennce that are
always club-shaped at the extremity, by their diurnal flight, and the
wings being held. elevated during repose. They are commonly desig-
nated butterflies, and their diurnal habits and beauty render them
familiar objects to the most casual observer. Their natural history,
also, is much better known than that of the members of the second
great group under this order, the great majority of those belonging to
the United States having been described in Boisduval and Leconte’s
Iconographie des Lepidoptéres de 1’ Amerique Septentrionale, and in
the works of the older entomologists, Cramer, Drury, &c. There
are, however, doubtless, many species still undescribed, but the writer
wishes to direct special attention to the individuals of the following
group, which, being far more unfrequently the objects of attention,
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which is composed of the pyrolides, tortrices, tineides, oterophorides,
and alucitides. Some of the macro-lepidoptera, however, are of small
size, whilst, on the other hand, many of the ““micros’” are comparatively
large ; but there is a certain convenience in the use of the terms, as
standards of comparative size, which renders their occurrence quite
frequent.

The implement most used in capturing lepidoptera is the ring-net,
made as will be hereafter described. By means of this they are taken
on the wing, and as they hover over or after having alighted on flow-
ers, leaves, &c. The requisite dexterity in using it efficiently is soon
acquired by practice, and a little experience respecting the habits and
mode of the flight of the objects sought. When the insect is once with-
in the net it can be kept quiet and at the bottom, by keeping it in
motion from side to side, so as to permit the air to rush through its open
end. But how can the specimen be secured with the least amount of
injury? There are several ways by which this can be accomplished.
‘When the specimen is of large size the net should be seized with the
left hand in such a manner as to prevent fluttering as much as pos-
sible, and to guard against its pushing itself into the folds ; and it is
then seized by the thorax with the thumb and forefinger of the right
hand in the manuner heretofore described, and smartly squeezed so asg
to crush it and thus deprive it of life; or it may be touched on the
head through the net with the glass stopper of a bottle containing
clhloroform ; the bottle having.been shaken previously to removing the
stopper it will carry enough to benumb completely the largest moth
after two or three successive applications. I much prefer this to com~
pression of the thorax, although the insect usually revives, but this
can be prevented after pinning by using some one of the poisons to be
hereafter mentioned. 'The effect of chloroform applied thus is almost
instantaneously to quiet the most violent flutterer, nor is it necessary
that any other portion of the insect than the head should be wetted by it.

When the captive is a “micro,”” it may be prevented from escap-
ing by blowing a vigorous stream of breath on it through the open end
of the net: but if it proves to be too strong to be kept down thus, the
net must be immediately put in motion again to prevent its escape,
turning the open end alternately trom one side to the other. After
throwing the specimen well in the apex by this means, my own mode
of operation i8 to grasp it with the left hand, taking care to have the
thumb and first finger upward, just above the specimen, and thus close
the net. Then by elevating the hand through the ring or on a level
with it, a common cupping glass of about two inches diameter, or a wine
glass, carried in the pocket, is placed on the top of the left hand over
the constricted portion, the grasp relaxed, and the insect permitted to
escape through the opening into its interior. The glass is then closed
Lelow by the left hand on the outside of the net, and may be trans-
ferred to the top of the collecting box, where it can be quieted with
chloroform and pinned. All lepidoptera, except those of large size,
can be easily secured thus, and without in the least stripping any por-
tion of the body of its scales. The smaller tortrices and tineae, which
can be kept within the net by blowing, may be likewise secured by the
glass, which is placed over them as they it on or ascend the sides of
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localities in his neighborhood, and where particular species are to be
had in greatest abundance. When these are once ascertained, let him
learn to hunt quietly, and endeavor to bring into exercise his powers
of observation ; never moving until he has scanned every leaf and
object around him, noting the habits of the little people of the great
unknown world by which he is surrounded, their peculiar mode of
flight and concealing themselves, and the situations which appear
most agreeable to them. His netshould always be in readiness to se-
cure everything which his motions and footsteps may startle, but should
he fail, let him not, to the infinite alarm of the minute inhabitants of
the forest, rush headlong after it through brambles, herbage, and
grass, and over the decayed trunks of trees, striking frantically this way
and that, until he glows with a heat above the summer point, and is
bathed in perspiration and fairly disgusted with Entomology, which
involves so many discomforts. Let him rather be self-possessed and
cool, mark where the coveted object alights, and he can easily secure
it without affecting the steadiness of his nerves, and perhaps rendering
the specimen worthless subsequently, during the operation of pinning.
This, of course, is advice to the incipient collector.

The nocturnal Lepidoptera may be taken by stratagem as well as by
coup de main. Prominent among the expedients used for this purpose
are what is called sucArING, and the use of LIGHT.

To obtain moths by means of the former, a mixture of coarse vrown
sugar and ale, with the addition of a little rum, should be made. The
mixture should have the consistence of treacle. The collector, with an
assistant, should take his mixture to the wood about sunset, or a little
before or after, and daub it on the trunks of the trees by means of a
brush, or saturate strips of cotton cloth with it and tack them to the
trunks. Assoon as it gets dusk the sugared places should be revisited,
and the light from a bull’s-eye lantern thrown on the sugared spots.
For several hours the moths will continue to arrive, sometimes in con-
siderable numbers, and may be taken with the net, which should be
held beneath the sugared spot previously to turning on the light, as
many have the trick of falling; or captured, as they sit feeding on the
dainty bait, by means of a wide-mouthed bottle having ammonia or
chloroform on cotton or a sponge on the bottom. The noctuae are
principally obtained by this means, and one or two expeditions should
be made every week during the collecting season, viz: from early
spring until the latter part of autumn, avoiding localities where odor-
ous flowers are plentiful. The collector should not be discouraged if
troops of moths do not come at his first invitation, or even if he should
be compelled to return home rich in patiencebut very poor in specimens.

The fascination of the ¢ foolish moth’’ by light has a time-honored
use, having served to adorn many a tale and point many a moral ; and
yet there is beneath the fact a hidden meaning or moral, perhaps
unsuspected by either poet or moralist. It issufficient for the collectm"
to know they are fire-worshippers, and to avail himselt of this tendency
to secure their fleeting forms in their season. This may be done by
taking a lantern into the open country near a wood, and suspending
it over a white sheet spread on the ground, thus showing their forms
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the relation of the segments to each other; all protuberances should
be designated, and the nature of the dermal appendages, if any,
noticed ; the number of feet, abdominal and anal prolegs, and the
position of the latter with reference to the plane of the body, on what
rings they are absent or are weakly developed, or are modified.
To indicate the number and situation of the legs and prolegs, I use
the following formula, which is not intended to supplant description:
Every larvae having thirteen segments, including the head, the dots
indicate segments without feet thus: (.4..4..1), The formula rep-
resents the most common form, that having sixteen legs.

4°, Its peculiarities of coloring ; giving first the general color of
both head and body, and then the ornamentation on each.

5°. The date at which it began to prepare for pupation, and the nature
of its preparations.

6°. A description of the pupa itself. It is not advisable, usually, to
make a description of this from the first or a single specimen.

7°. The date at which it became o perfect insect, and method of its
escape jrom the cocoon, tf it has one.

8°. The number of broods of the perfect insect during one season, and
whether the period of larval development is annual or bi-annual.

The observer should also endeavor to ascertain and describe—

9°. The egg of the perfect insect, its form, color, and peculiar mark-
ings under a lens. When the perfect insect of a larvae is once
known, this and the following can be ascertained by preserving the
egg layer.

10°. T'he appearance of the young larva on first emerging from the
egg; the successive changes in appearance it undergoes during its
moultings until it reaches the condition indicative of maturity.

11°. The habits of the larva, including everything pertaining to
larval life, from the time of leaving the egg to maturity, whether
characteristic or not.

12°. T'he habits of the perfect insect, as far as they can be ascertained.

The student should begin, in the first instance, with the endeavor
to refer his caterpillar to one of the larval forms characterized here-
tofore, in order to gather his descriptions under general heads. Prob-
ably he will not be successful in referring it to any there indicated,
for several groups have been omitted in consequence of the difficulty
of representing them by any graphic characters. These he may
arrange under any general heading that appears most appropriate to
himself. HKach vessel containing a larva should be marked with a
special numeral, beginning with one for the first, and so on, and the
description should be indicated by the same number ; if the pupa is
removed from the vivarium in order to receive another larva, (for two
dissimilar larvae should never be placed in the same vessel at one
time,) that containing the pupa should be designated by the number
referring to the description of the larva, and the numeral should be
marked on a little square of paper and fixed on the pin containing
the perfect insect when it -appears and has been killed and pinned.
A specimen of the mature larva described, whenever it can be ob-
tained, should be drowned in alcohol and enclosed in a piece of foil,
such as is now commonly used for wrapping fine-cut tobacco, with
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In another place Mr. Green remarks: ‘“ With regard to localities,
the best are unquestionably parks and meadows with scattered timber
trees. Those trees from which the surrounding grass has been worn
away by the feet of cattle, and those situated on the borders or banks
of strecams, dykes, &c., when the soil is dry and friable, will be found
the most remunerative. When the roots of trees, particularly large
ones standing alone, form angles, pupa will nearly always be found
in the spaces’; the trowel should then be inserted at least eight inches
from the trunk and to the depth of about four. In digging round a
tree, whose roots form no angles, it is not necessary to go deeper than
three inches, nor farther from the trunk than four. Always replace
the sod when you have done with it, or at least the débris. When
first taken up, the sod may be so hard as to render it impossible for
the caterpillar to penetrate it ; but if, after beiag loosened by the
pupa-digger’s manipulation, it be restored to its place, the larva,
which, in the original instance, would have wandered away to some
more convenient spot, will now find one ready made, and will almost
certainly make use of it.”’

¢ He should have a small box, filled with damp moss, for the purpose
of carrying the pupe, which should be handled as seldom as possible,
and with the utmost tenderness. I may here remark, that some of
the pupa may dry up. This is caused by some unlucky, probably
unseen, injury, inflicted at the time of capture, and, however great his
caution, will not unfrequently occur.”” The best months for digging
are July and August for the summer and autumn specimens, and
September, October, and November, for the following spring and sum-
mer insects. Mr. Green has found the months of September and
October the most remunerative to the pupee hunter.

In order to rear the pupe thus collected, ‘* when brought home they
should be placed in a large box, with the inside surface rough, and
covered with gauze or wire frame ; at the bottom of the box should be
some fine earth on which the pupe are to be placed and covered with
a thick layer of moss, which may or may not be occasionally damped.
Be sure to keep them from the sun.”” It is best also to keep them
exposed to the external air during winter. The one obvious principle
to be observed, as far as possible, is always to place them under the
natural conditions in which they were first found. The student may
also derive from pupa hunting valuable hints, at least respecting the
food plants of many larve, and the periods of the season during which
they may be found near maturity.

IOW TO PACK LEPIDOPTERA FOR EXCHANGE, EIC.

In order to send insects to a distance safely, a box well made, of
light, thin material, should be obtained. It should be double, the
two portions attached together by hinges, and the bottoms lined with
cork, glued down, and covered with unsized paper; it should be about
twelve inches square, and each portion an inch and one-half deep,
before the cork lining is added ; but if the collector uses pins longer
than an inch and a fourth it should be deeper. The pins containing
specimens should be introduced firmly in the cork, and enough of the

13
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manifested so much interest in the collection of specimens belonging
to other classes, to the advantages which may result from it both to
those under their care and to entomology itself. If we remember
aright, the British government authorized such collections to be made
some years since in the neighborhood of the military stations in
Canada, with the most gratifying results, both to those engaged in
collecting and to this branch of natural history.

CABINETS, IMPLEMENTS, EIC.

The ring net is made of bobbinet of fine mesh, or, what is much
better, book muslin, and should be cut in three pieces, the sides of
which are rounded from the base to the apex, so that when sewed
together the net will have the form of a sugar loaf. It should be
rounded at the apex, and the circumference of the base, previous to
being fixed on the ring, should be somewhat more than the ring itself.
This may be moderately thick iron or brass wire, and should be from
eight to twelve inches in diameter. The depth of the net should be
at least once and a half that of the diamater of the ring, so that the
bottom may be thrown over the top of the ring by a twist of the rod.
This is frequently necessary, when a large and active moth has been
taken. An iron socket, with a male screw on the end, may be made
to receive the bent ends of the ring; or these may be fixed in a piece of
tubing by means of melted lead, one end being left open to receive the
rod ; or the bent ends of the wire may be fixed directly to the end of
{he rod itself. The rod should not be more than three or four feet

ong.

Any substitutes for cork will answer only for cabinet use ; there is
nothing that will supply its place in the exchange box. The follow-
ing substitutes have been recommended on account of their cheapness:
¢“Inodorous felt ”” is cut to fit the bottom of the boxes and glued to
the surface, and then covered with paper, or thick ironing blanket is
used for the same purpose. “‘Cut the blanket the size of the drawer
or box and glue it down with good fresh glue; when perfectly dry,
soak it well with {resh paste, and paste one side of the paper also,
place the paper on the blanket, and smooth it well down with a warm
linen cloth. In four days it will, in a favorable situation, be fit to
hold insects.”” The sheet cork may be cut into strips, if one wishes to
economize, and glued in drawers or boxes, at a sufficient distance from
each other to admit of the specimens being arranged in rows.

The preservation of specimens after a collection has been once made
13 by no means simple or easy; they should not be exposed to the light
of day, because many species in the course of time are deprived by
the light of their brilliancy of color, and become faded ; and hence
being kept in darkness, and the objects generally of merely occasional
inspection, they are apt to be destroyed by various insects that live on
dried animal substances, such as mites, the larvae of a species of coleop-
terous insect, an Anikrenus, and the larva of a species of Tinea, which
makes its case of the scales and portions of the moths. When the
two latter have been permitted through neglect to accumulate in a col-
lection, the only certain mode of putting an end to their ravages, and
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than twenty years, aud he has never lost a specimen during that
period from the ravages of other insects; those, therefore, who wish
to accumulate a cabinet would do well to commence from the begin-
ning on a plan which will release them from all future care respecting
it, besides forming a most appropriate ornament either for study or
arlor.
P We have now reached the conclusion of a pleasing task, undertaken
in the hope that it might subserve the purpose of leading many active,
intelligent, and inquiring minds to observe the little people of the
insect world, to share the delights, pleasures, and knowledge that
communication with Nature never fails to bestow, or to contend for
the honorable distinctions which always follow an earnest and per-
severing devotion to the study of natural history. As this paper is
intended chiefly for the use of the novice, we have sought simply to
show how that which is manipulative can be best performed, and to
record such experience as might benefit them on their entrance into
this new world. It is, I know, looked upon as insignificant, the
domain of plagues, pests, and human annoyances, by many, a great
many in our own country who should be better informed, but are,
perhaps, unobserving and unreflecting, and the attention and study
given to these beings considered a waste of the fleeting hours of life
which should be devoted to lofty and noble purposes. They forget,
or do not know, that the works of Nature are all alike intricately
planned, the result of thought and premeditation which binds the
most dissimilar departments into intimate and dependent relation-
shipg, that no one can be studied without involving a knowledge of
the others, which meet us boldly and constantly face to face on every
pathway of knowledge. They forget that all branches of natural
science are but little rays of light emanating from the great source
of it all, lighting up and beautifying the human soul, which is en-
dowed with capacities to absorb it and assimilate it to itself; and
thus the occupation of the students of God’s works, unlike that of the
patient alchemists of olden time, who sought to scize the occult mys-
teries, transmutation and immortality, becomes an effort to accumu-
late and illustrate those truths, which transmute disbelief into golden
thought and life-invigorating faith. Do not the lives of many votaries
of natural science verify the pretension? The tearful life of the great
Swammerdam, the patient and accurate historian, the acute and tender
investigator of the lives and structure of the insect, who, had he
enriched the world with that emanation of his genius the microscope
alone, and left unwritten his great and immortal work, would have
been entitled to the gratitude of every lover of knowledge—to an
immortality of praise. Poor, and almost friendless, he became, per-
haps, the originator of the science of entomology ; and I can see him,
even now, choosing rather to follow heaven’s own light than to
abandon it for the ease of an exacting parent’s hearthstone, wander-
ing houseless and needy through the ancient streets of Amsterdam,
spurned. from the doors that should have been opened to receive him,
and disinherited of a patrimony that to him would have been princely,
contemplating painfully the necessity of separating himself for gold
from the cherished objects of careful accumulation and study, his frame
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of Lower California and Central America, and also those portions of
the State of Texas which resemble, in physical characteristics, Utah
and California. The records prove that the locusts extended them-
selves, in one year, over a surface comprised within thirty-eight degrees
of latitude, and, in the broadest part, eighteen degrees of longitude.

On several days in June, July, and August, of 1855, the grass-
hoppers (or langostas of the Spaniards) were seen in such incredible
numbers in the valley of Sacramento, in California ; in the valley
of Colima, in Southwest Mexico; in the valley of the Great Salt Lake;
in Western Texas, and certain valleys of Central America, that they
filled the air, like flakes of snow on a winter’s day, and attacked
everything green or succulent with a voracity and despatch destructive
to the hopes of agriculturists. :

To stimulate inquiries founded on original observation of the
locust, Col. Warren, editor of the California Farmer, forwarded a
short circular note to several periodicals, dated July 2, 1855, in which
he states that, ‘“for the last three days, the very air has been so full
of them over this city (Sacramento) as to resemble a dense snow
storm. Large flelds of oats and wheat have suffered in Ione and other
upper (Sierra Nevada) valleys.”’

The Sacramento Union, of the same date, states that the ‘‘most
remarkable circumstance we have ever been called on to notice in this
locality was the flight of the grasshoppers on Saturday and yester-
day. For about three hours in the middle of the day the air, at an
elevation of about two hundred feet, was literally thick with them,
flying in the direction of Yolo. They could be the more readily per-
ceived by looking in the direction of the sun. Great numbers fell
upon the streets on Saturday—absolutely taking the city by storm—
and yesterday they commenced the wholesale destruction of every-
thing green in the gardens of the neighborhood. Their flight, en masse,
resembled a thick snow-storm, and their depredations the sweep of a
scythe. The prevalence of the scourge is explained by Dr. T. M.
Logan as being attributable to the great warmth and dryness of the
present season—circumstances favorable to an early development of
the eggs of the insect, which is deemed one of the most fruitful in the
animal kingdom.”’

The Shasta Courier, printed in the northern Sacramento moun-
tains, remarks that ‘“‘on Wednesday last (September 19, 1855,) an
immense flight of grasshoppers passed over this place, flying west-
ward. The greater portion of them flew very high, and could only
be seen by shading the eyes from the sun. They were as thick in the
heavens as flakes of snow in a winter storm.”’

The Sacramento Valley papers mention that whole orchards,
gardens, and vineyards have been consumed by them. Entire fields
of young grain, of crops, and vegetables, have been eaten up within
the space of a single day, leaving the ground like a wilted, blackened
desert. In some parts of the valley they annoyed the passengers and
horses of the public stages to such an extent as to cause the greatest
inconvenience,and appear, in some cases, to have positively endangered
human life.

A gentleman who resided in Colusi county, in the Sucramento
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The grasshoppers made their appearance again in 1856 in Oregon,
Utah, and California, and in Texas, near Austin, and westward,
but in such diminished numbers as not to do extensive harm, ex-
cept in particular localities. DBut it seems, from the period_ical press,
that in the upper Mississippi (Minnesota, &c.) they committed great
injury in the fall of that year, as the following extract will show :
At Little Falls (says the St. Anthony Express) they destroyed corn,
oats, wheat, and every kind of grain which camec in their way. At
Elk river they appeared in a perfect cloud, and lighting upon a corn-
field of twenty acres destroyed the whole crop in a short space of
time. At Crow Wing, on the farm of Isaac Moulton, they destroyed
five hundred bushels of oats.”’ '

Their ravages extended along the first central mesas or steppes,
bordering eastward the Rocky mountains, covering the dry soils of
Texas, and down into the south of Mexico. In the vicinity of Cordova,
in the State of Vera Cruz, the people made ‘“a regular campaign
against them, and succeeded in destroying one hundred and ninety-
two arrobas, computed as numbering four hundred millions of grass-
hoppers.”” In the State of Guerrero they also did grecat injury, par-
ticularly within the districts around Acapulco.

It would seem that the Locusta makes its destructive appearance
within the boundaries of the United States Territories, west of the
Mississippi, in some portion or other nearly every year. The follow-
ing extract from a correspondent of the New York Tribune, dated
Fort Kearny, August 31, 1857, and who was in the expedition of
Colonel Sumner against the Cheyenne Indians of the upper branches
of the Misscuri, shows the effect of the reappearance of this plague in
a strong light :

““The grass along our route has been short and scanty, although
refreshed by the recent rains. It is injured by myriads of grass-
hoppers, gome of which are monstrous in size. I have noticed several
between three and four inches, and many nearly three inches long.
Last Friday a swarm passed over the fort which darkened the sun so
as to render it possible to gaze at it with the naked eye. We saw
this swarm at a distance of ten or twelve miles, at which it resembled
a cloud of smoke.”’

Lvery western man remembers the visitation of grasshoppers
in 1855 and 1856 in Kansas, Nebraska, and Minnesota Territories,
which caused such injury to the crops of the Indians. In the travels
of Jonathan Carver, in the northwest parts of the Mississippi and
Lake countries, published in 1779, page 494, the following mention
is made of the locust or grasshopper: ¢“I must not omit to mention
that the locust is a septennial inscet, as they are only seen, a small
number of stragglers excepted, every seven years, when they infest
these parts and the interior colonies in large swarms and do a great
deal of mischief, The years when they thus arrive are denominated
the locust years.”

Since 1823 the grasshoppers have several times ravaged the
fields and gardens ot the Franciscan missions of Upper California.
About the year 1827 or 1828 they ate up nearly all the growing
crops, and occasioned a great scarcity of wholesome food. At the
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mesas or plateaus of the republic of Mexico, their ravages have been
noted by the old Spanish chroniclers from the first conquest and set-
tlement of the countries; also by American trappers, hunters, and
travellers throughout the same regions for the last fifty-five years,
and by Erglish, Russian, and T'rench writers and navigators. Dr.
Dwight mentions that they have several times been extremely inju-
rious to the growing crops of New England prior to 1800.

It would seem that the most feasible means of destroying the
grasshopper, or diminishing its propagation and increase, is that which
nature and circumstances suggest. The extensive conflagration of the
grassy plains and hills of California has been noticed ever since the
years 1542-’43, in the account of the voyage of Juan Rodrigues
Cabillo, and particularly near San Pedro, (the present embarcadero
for Los Angeles,) which he named the Bay of Smoke. The entire
range of California, Utah, and Eastern Oregon, and neighboring
countries being deserts, prairies, or lands of hills and mountains
sparsely covered with trees, and everywhere thickly or thinly with
grasses, we know they become excessively dry for three months of the
year, when they either take fire from accident or design, or, as is most
likely in some cases, from the attrition of the leaves and glazed stalks
in a dry and windy day. As soon a3 the parched vegetation is fired,
with a good breeze of wind it will burn an immense district of country
before it is stopped by a wide road, a dry river bed, running water, or
damp ground. In its progress it consumes all animated nature not
capable of speedy flight or escape, and destroys the undeveloped larvae
and millions of eggs of the grasshopper, as well as thousands of the
full grown insects, whose wings and legs get singed and burnt in
trying to make their escape from the devouring element. The wind
at times conspires to bring immense numbers of them within the in-
fluence of the fire, and so to stifle them as to bring them to the ground.
In a strong gale, when swarms of grasshoppers are on the wing high
in the air, they are swept along unti], as the breeze slackens, they fall
into the waters of large bays, seas, and cover large extents of the
surface of the ocean, where they become a prey to greedy fishes.

The annual conflagration of our plains occurred this year (1855)
very early, which circumstance had considerable effect in destroying
the swarms of grasshoppers, as, to escape the heat, they endeavored
to keep out of the influence of the fires, and being driven before
the winds, were swept into Siuson bay in incredible numbers. The
passengers in the steamer from Sacramento to San Francisco, on
Saturday, the 14th of July, state that they fell in such numbers into
the waters of the bay as to completely cover in places the surface.
When driven ashore afterwards with the tides they filled the air with
an intolerable stench.

The Indians take the grasshoppers in great numbers by sweep-
ing them into holes or piles, or by surrounding them with fire and
driving them into the centre, and afterwards roasting and pounding
them for food. DBut this is always found to sicken the Indians—
a fact which has been noted by the pioneer settlers and natives
of old, as also by many travellers and voyagers who have visited
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their indigo, which was then in grass, was like to be eaten up; from
the Ingenios of sugar the like moan was made, that the young and
tender sugar-canesewould be destroyed; but, above all, grievous was
the cry of the husbandmen of the valley where I lived, who feared
that their corn would in one night be swallowed up by that devouring
legion. The care of the magistrate was that the towns of Indians
should all go out into the fields with trumpets, and what other
instruments they had, to make a noise and to affright them from
those places which are most considerable and profitable to the com-
monwealth; and strange it was to see how the loud noise of the
Indians and sounding of the trumpets defended some fields from the
fear and danger of them. Where they lighted in the mountains and
highways, there they left behind them their young ones, which were
found creeping upon the ground, ready to threaten such a second
year’s plague if not prevented; wherefore all the towns were called,
with spades, mattocks, and shovels to dig long trenches, and therein
to bury all the young ones. Thus, with much trouble to the poor
Indians and their great pains, (yet after much hurt and loss in many
places,) was that flying pestilence chased away out of the country to
the South sea, where it was thought to be consumed by the ocean,
and to have found a grave in the waters, whilst the young ones found
it in the land. Yet they were not all so buried; but that shortly some
appeared, which, being not so many in number as before, were, with
the former diligence, soon overcome.’’

Clavigero, in his history of Mexico, says of the Locusta of
Mexico, that no animal or insect in that country ¢“can compare in
numbers or ravages with the locusts which, sometimes darkening the.
air like thick clouds, lay waste all the vegetation of the country, as I
have myself’ witnessed in the year 1738 or 1739 upon the coasts of
Xicayan, in Oaxuaca. From this cause a great famine was lately
occasioned in the province of Yucatan; but no country in America has
been visited by this dreadful scourge so often as the wretched Cali-
fornia, as related by Father Michael del Barco, who lived thirty years
in that country as one of the missionaries of our society.””

The same author gives the following interesting account in his
History of California:

“For the reason that this plagne does not affect the countries
where naturalists may carefully observe them with minuteness and
exactness, we herein relate the account of one of our missionaties,
kept for thirty years, during his residence in the missions of old Cali-
fornia.

““There are three species of California grasshoppers, which are
similar in form, but distinct in size, color, and mode of living. The
first species, which is well known and the best observed, is small; it
flies short, but is constantly jumping. The second species is larger,
and of a gray color. These two kinds are not found in such numbers
as to make them of such note or anxiety as the third, which is the
largest, and causes the most destruction in its flights over the lands
of the peninsula.

““The grasshoppers of this third species, famous for their ravages
among the lands of the missions, is of the size of a little finger ; the
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physical characteristic to that of the territories within the boundaries
of Upper and Lower California prior to the American occupation :

¢“Shortly before arriving at the village and river of Luxan, we
observed, to the south, a ragged cloud of a dark reddish brown color.
At first we thought it was caused by some great fire on the neighbor-
ing plains, but we soon found that it was a swarm of locusts. They
were flying northward, and with the aid of a light breeze they over-
took us at the rate of ten or fifteen miles an hour. 7The main body
filled the air from a height of twenty feet to that, as it appeared, of
two or three thousand feet above the ground. The sound of their
wings was as the sound of chariots ot many horses running to battle;
or rather, as I should say, like a strong breeze passing through a
ship’s rigging. The sky, seen through the advanced guard, appeared
like a mezzotinto engraving; but the main body was impervious to
sight. They were not, however, so thick together but that they could
escape a stick waved backward and forward. When they alighted,
they were more numerous than the leaves in the field, and the suiface
became reddish instead of green. The swarm having once alighted,
the individuals flew from side to side in all directions. Locusts are
not an uucomrmon pest in this country. Already, during this season,
several smaller swarms had come up from the south, where, apparently,
as in all other parts of the world, they are bred in the deserts. The
poor cottagers in vain attempted, by lighting fires, by shouts, and by
waving branches, to arrest the attack. This species of locust closely
resembles, and perhaps is identical, with the Gryllus migratorius of
Syria and Palestine.”’

It is a little singular that though the ravages of the grasshop-
pers have been noticed by all the presses of California, Utah, Oregon,
and Washington, and particularly by those of the Sacramento and
Utah valleys, not one of them has given any detailed description of the
different species of locusta infesting those districts of country ; nor
have any of our naturalists or observing writers made more than a
passing notice of the animal whose history hereafter will leave the
most melancholy marks of its devastation on the means of subsistence
of the people who may fill up these territories. If they have been
recorded in the annals of Africa, Asia, and Europe, for four thousand
years, and have been chronicled in the histories of the Californias for
onc hundred years, we may be sure that there is nothing to prevent
their periodical devastating visits within the boundaries ot the North
Pucific slope for four thousand years more.

The habits of this insect ought to be diligently observed by the
cuitivators of the soil in our State. It requires from the State
authorities the employment of the best naturalists to study and com-
pile for public use the most searching investigation into the birth,
multiplication, and best methods of checking the increase of this ter-
ribly devouring and consuming pestilence.

The “California Farmer’” ot July 5, 1855, says: ‘“The following
facts can be relied upon, having been received {rom such sources as
leave no question of their correctness: Wherever the floods covered
the soil, and remained a little time, no grasshoppers appear; they
rarely or never are found in shaded grounds or damp and wet locali-
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on grasshoppers, locusts, and their eggs and larva, of which it can
devour incredible numbers in a day. It was also observed in the
colony of the Cape of Good Hope, by that indefatigable naturalist, Le
Vaillant. In the works of the great Aldrovandi, of Bologne, in Italy,
(1599,) they are called sea starlings. No doubt they arce intended in
California to act as a check on the increase of grasshoppers and locusts.
The description which Alexander Wilson has left of the red winged
starling of the southern Atlantic States, (1810,) agrees precisely with
the habits of our blackbird proper, and its compaunion the dun-colored
thrush, as they combine together in immense flocks in the summer
and autumn months.

Wilson estimates that two millions of the starling will consume, in
three wecks, the enormous amount of sixteen thousand two hundred
millions of the eggs and larva of grasshoppers and other kindred
insects. The combined ravages of such a hideous host of inscct vermin,
as Wilson remarks, is enough to spread famine and desolation over a
wide extent of cultivated country.

It will thus be seen that in the order of Providence the enormous
number of these birds found in California and the Rocky mountain
country is intended as a positive blessing, for all time to come, to the
people who may make it their home. When these regions become
filled up, in the course of two centuries, with a numerous population
of herdsmen, miners, and cultivators of grains and fruits, the value of
this bird will be keenly appreciated, and no doubt suitable laws will
be made for its protection. An old settler informs us that this bird
sometimes becomes a great ravager of the grain crops. In the valley
of the Pajaro they have appeared in some years in flocks of millions,
and have done great injury to the wheat and barley, when the grain
was ripening.  ““ This also is an evil,”” but a much smaller one than
the grasshoppers.

It is suggested that collections of locusts, grasshoppers, and their
congeners be made by intelligent observers and amateurs living in dif-
fercnt parts of the country. The insects should be gathered from the
eges to the grub and the perfect animal. A number of specimens,
male and female, should be procured, and this at different seasons of
the year. The specimens may be dropped into vials containing
alcohol, brandy, rum, whiskey, or any other spirit, without further
trouble, and corked up. These should be packed in a small box.

The Smithsonian Institution is making a special study of entomo-
logy, and all contributions of the kind transmitted to it at Washing-
ton from any part of this country will meet with attention and ac-
knowledgment. It is not out of the way to assert that the generosity
of the donors will redound greatly to their credit, to the cause of liberal
science, and to a more perfect knowledge of this most celebrated of all
insects.

Such a collection being concentrated at one point will wonderfully
facilitate exact analysis, and cause to be distributed throughout the
world copies of faithful engravings of the different species of the
locusta, which can nowhere now be found in the annals of science.
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of gabian. It appears to be ourstork. In the Neapolitan dominions,
the landholders on the appearance of the locust place their chief reli-
ance on the birds. In Asia Minor and other southern regions, the
locusts make their appearance so frequently and in such vast quanti-
ties, that the birds alone cannot meet the requirements of the inhabi-
tants. In North America, the young turkeys are trained to seek out
and feed upon the larvee of grasshoppers and locusts, especially when
they begin to hatch from the eggs, whereby great numbers of them
are destroyed.

Domestic fowls, as geese, ducks, turkeys, and chickens, are exceed-
ingly fond of such food. About Temeshvar, in Hungary, the locusts
were once got rid of by driving into the place where they had alighted
15,000 head of swine, which in a single night and morning devoured
them all.

Of insects, the one called the tormenting ichneumon, (Pimpla insii-
gator,) of the order Ilymenoptera, deposits its eggs in the egg-cases or
tubes of the locust ; and when the larva comes forth, it sucks out the
whole fitty eggs there congregated, so that the case remains empty.
This insect, which is also beneficial to forests, by destroying the cater-
pillars that injurc the trees, has a body of a black color with reddish
yellow legs. It has four wings, all of which are transparent and
veined. Antenna long. The hinder part of the body is broad, but
grows narrower towards the thorax as in the wasp. The female has
at the end of her body a long tube and a fork. With the former she
lays her eggs, and on the latter she leans when it is necessary to pierce
a place in which to lay an egg. The larva of this insect i3 white, par-
tially transparent, without legs, and resembles in appearance a small
worm ; when full grown it is about four lines long, and in its narrow
head arc the scarcely observable parts of its mouth.

Another inscct of the tribe of Braconida, called the short-winged
ichneumon, (Lroctotrupes brevipennis, Latr.,) has often been found by
me near the [talian locusts, on which were traces of bites upon the
gides of the thorax and abdomen. Hence I suppose that this insect
also stands in some sort of connexion with the locusts, aiding, it may
be, in the diminution of the latter. But I have not succeeded in de-
tecting it operating in this manner.

In America a species of mud-wasp attacks the young brood of the
locust, and carries them to its nest to nourish its larvae there. At
the same time this strange phenomenon is observed, that the wasp
previously seizes the insect which it requires, stings it, and thus pro-
duces a paralyzed condition ; so that, without dying, it remains in a
motionless state, and as it does not putrefy in the wasp’s nest, it can
serve for food during the whole growth of the larva.

Taking into consideration the means provided by nature for restrain-
ing the multiplication of the locust within the requisite limits, we may
assume that, of the eggs laid by it about one-tenth succeed in passing
through all the transtormations of their existence, and with this tenth
part alone it comes in conflict with the husbandman. DBut even this
13 sufficiently great to furnish matter for reflection to every one who
knows by experience what an attack of the locust is. The most
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small town of Konincha, about 29,000 bushels of them were buried
in the ground without any perceptible diminutivn.*

At the time of the flight of the locusts through the passes of the
Bukovina, in the year 1780, an attempt was made to destroy them by
discharges of cannon. The flight was indeed dispersed in places ;
but, dividing into several small portions, the whole flew across the
Dnuiester, and some of them alighted on fields in Podolia.

The driving away of locusts on the wing with noises and cries not
only does not always answer expectation,t but through the hope of
success it renders the people careless. It is also injurious in this
respect, that if it saves one cultivator it infallibly exposes his neigh-
bor to loss. Hence people living along the coast endeavor to drive the
locusts into a sea or lake ; but even this rarely succeeds. Sometimes
after they have been driven into a wood, it has been set on fire; whereby
greater loss has been occasioned than by the insects themselves. But
in these instances the people’s dread was so great, that they seemed
to imagine that, by extirpating the locust, they would annihilate some
sort of evil spirit, hobgoblin, or destructive monster.

Confounding almost everywhere the means of destroying the footed
locust with those of defence against the attacks of the winged insect,
cultivators commonly complain of the inefficacy of the measures
adopted. TFor this others have been to blame as well as themselves.

In Morocco, where people have been acquainted with locusts and
subjected to their ravages at some part of the year time out of mind,
it has long been known as a peculiarity of the footed insect to keep
advancing in a certain direction. Accordingly, they endeavor to stop
its progress by intersecting its line of march with wet or dry trenches,
filled with combustible materials, into which the insects are driven,
These ditches often serve as aqueducts for inundating their rice-fields.
This mode is also known in Algiers and throughout Europe. But as
the trenclies are in general laid out irregularly, and there is neither
time nor means for making them so deep and wide that the locusts
cannct leap across them, or climb or swim out, the object is rarely
attained. Usually the locusts swim across the water by thousands ;
and where fire is spread about, in consequence of the great quantity of
locusts that are swept down and driven together, it 1s extinguished,
and the insects crawl away.

Others drive into places occupied by the locusts troops of horses,
flocks of sheep, and herds of cattle, that they may trample down their
uninvited guests. But the locust is nimble ; and even were it not so,
Lorses and other beasts trample upon and crush them with reluctance.
Landowners, not taking into consideration that the locusts are hardly
ever destroyed by such means, and that the men and cattle tread down
scarcely less grain than the insects would consume, constantly have
recourse to this practice. They do not reflect that, by burning up the

*This labor was entircly superfluous ; because if the locusts arc killed and put into a
bag, they cannot do any further injury ; and by burying them in the ground, like infected
garments, we only lose an excellent material for enriching the soil.

t 1t is known that neither such noiscs nor the firing of cannon, nor any other power
whatever, is able cither to stop or drive away large bodies of locusts.
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so enormous while their destruction was going on, became quite
imperceptible. Each day they alighted on new piaces, and everywhere
produced devastation. Consequently all the labors described were only
so much money thrown away, in addition to the losses suffered directly
from the locusts, which had then destroyed not less than half of all the
grain sown.

If we assume the same ratio for the number of laborers who turned
out to destroy the locusts through the whole province of Bessarabia,
in the Kherson, and other governments to which the insect migrated,
we may boldly assert that more than a hundred thousand working
days of the best farming season were spent in destroying them without
success.* An immense amount of money was thus completely wasted.

Meanwhile the dread of the locusts was not put an end to. From
information collected in the places themselves, it appears that they
left their eggs behind them over an extent of 14,426 desjatins, or
nearly 39,000 acres. Calculating a single egg-sac for every square
sazhen, (49 square feet,) we obtain 34,622,400 sacs; and at the rate of
50 eggs to a sac, the whole will amount to 1,731,000,000 of eggs.

It a locust during its life time, 4. e., in the course of 100 days, will
require, on an average, for its support twelve drachms of common grass
per day, then the consumption of these insects for the whole of their
existeuce will not be less than 228,000,000 poods, or 3,675,787 tons.

Estimating the value of a pood of grass at one silver kopek, (three-
fourths of a cent,) the whole loss sustained by the ravages of locusts
in Bessarabia in the year 1835 will amount to at least 2,280,000 silver
rubles, or §1,710,000. It should likewise be observed that in making
these cstimates the very smallest measures are taken, and that grain
is reckoned at the same value as grass. After this, it will certainly
not appear strange that the locust should be considered a destructive
insect.

Some have thought to frec their fields from locusts by watering them
with lime-water or Iye. DBut is it practicable to carry this out to any
great cxtent, and will the fluid fall on the locusts’ eggs, especially
when they are covered with a coating of earth? In Slavonia, at the
close of the last century, for the purpose of destroying the footed
locust, which was already crawling about, they made use of wooden
harrows loaded with weights, which were dragged about the fields as
in harrowing grain. Some of them went obliquely, one after the other,
beginning with a large circle; each succeeding time they described
smaller circles; and in this manner, advancing in a spiral, they grad-
ually approached the centre. But as the harrow went slowly and
could follow only the prescribed course, the locusts easily leaped aside,
and the entire proceeding was almost fruitless.

It has bcen proposed to surround the fields with cords and rods
smeared over with tar, to which the locust has a great repugnance.
Yet it is scarcely possible to carry this plan into execution, except for
very small enclosures,

Lastly, for the purpose of driving the insects away, long ropes have

i % And this, too, hecause, from want of a knowledge of the Labits of the insect, its destruc-
tion was commenced too late and without a previous examination of the locality.
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and in the course of the spring as many as 80,000 okas of the young
larvie were collected in this manner.

In France, when the locusts make their appearance, every one turns
out that can—men women, and children, and with whatever is at
hand. Trom the earliest times, by a regulation of the government, a
common price has been paid for the locusts collected and also for their
eggs. Thecollected eggs are either buried in the ground or thrown into
the rivers.* About Arles, Ste. Marie, St. Jerome, and other parts of
Provence, women and children are mostly employed in collecting the
eggs; and as the locust breeds there perpetually, its destruction is a
task coustantly devolving npon the inhabitants.

In Ttaly likewise a price is paid for collecting locusis, and once,
in the neighborhood of Milan, the rural police received not less than
12,600 sacks of them, which had been gathered in the course of a few
days.

In Hungary, not only all the people turn out to the locust hunt,
but even the doniestic animals and fowls join eagerly in the pursuit;
and for what is collected a reward is paid by the government. The
same is the casc in Spain, where, in the year 1730, about Zamora,
in addition to the peasantry, the troops werc employed in destroying
the locusts. They were stationed around the young locusts just
hatched, and with long brooms swept them into common heaps, around
which fires were kindled, Three thousand men were employed by
turns in this work for three weeks, and they succeeded in collecting
about 18,000 bushels ot locusts, so that each man in twenty-one days
caught about six bushels, or a little over nine quarts a day.t

With us in Russia, it was decreed by an imperial ukaz ot the 17th
of July, 1802, that a sum equal to about a cent a pint should be paid
for locusts’ eggs collected in Little Russia; afterwards the price was
raised to ten cents.  On the appearance of the locusts in the province
of New Russia in the year 1823, the chief local government appro-
priated the sum of §75,000; but the amount of private expenditure
on this account was not ascertained.

In France, at the present time, a reward of half a franc is paid for
a kilogram of the eggs, and a quarter of a franc for the same weight
of insects.T It is known that in the year 1613 the city of Arles ex-
pended the sum of 25,000 francs for collecting 134,000 kilograms
(about 295,000 pounds) of eggs and insects. . The city of Marseilles
spent 20,000 francs in this way in the same year, 5,642 francs in 1824,
and 6,200 franes in 1825, In the year 1832, in Ste. Marie alonc, 61
laborers collected 1,979 kilograms of locusts’ eggs ; and in 1833 they
gathered 3,908 kilograms; so that one person collected not over 63
kilograwmns in the course of three months.$

* A very bad practice, inasmuch as the egg-sacs which arc cast into the water may be
thrown up again on the bank, and, under favorable circumstances, may be hatched.

tA very small quantity, in eonsequence of undertaking the work too late, namely, when the
locusts had already Legun to erawl abous

1 As thie locust is comparatively light, the price for collecting them in France is hardly less
than with us.

§ Or scarcely two-thirds of a kilogram per day; which at least shows how defective were
}he.arrangcmems for the destructien of the insects, and how inefficient was the mode of col-
ecting.
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imum necessary to each species for each of its functions, but botanical
geography will furnish us the means of doing so, if, as I propose to
demonstrate, the limits of species depend at the same time on the
quantity of heat and the minimum required for each species. And
here I enter on a field which has not hitherto been explored.

An example will enable us to comprehend how the two principles
of which I am speaking combine in European climates, and bring
about a similitude or dissimilitude to which the means ordinarily
employed furnish no key.

London and Odessa are certainly not under the same lines of tem-
perature. The mean of summer heat is at London 16°.7, at Odessa
20°, while in winter the difference of the mean is much greater. In
their monthly mean these two climates have no analogy. Notwith-
standing, if we consider the time at which the temperature of 4°.5
commences and terminates in each of these cities, and the product
which represents the heat between these two limits, we find the same
ficure. At London the mean of 4°.5 commences the 17th of February,
and terminates the 15th of December. Between these two periods the
figure expressing, according to the process of M. Boussingault, the
heat received, is 3431°. At Odessa the temperature of 4°.5 com-
mences later, from the 2d to the 3d of April, and terminates sooner,
from the 17th to the 18th of November, but as it is warmer during
summer, the amount of the temperature between those limits is almost
equal to that of Loandon, for it is 3423°. Hence a plant which would
require 4°.5 to commence vegetating with a certain activity, which
should arrive at the same condition, and would require in all an
amount of heat of 3430°, might advance in a northwest direction to
London, and in a northeast to Odessa. If a plant should require
more or less than 4°.5 as a minimum, or more or less than 3430° in
the whole, the climates would no longer correspond, and the limit of
species would be otherwise established.

This shows us how two Luropean climates, which differ when con-
sidered as regards their respective mean monthly temperature, may
yet be identical under certain combinations of the two causes which
exert an influence on the life of species. TFor the purpose of discover-
ing these correspondences of climates I have calculated for a certain
number of the cities of Europe on what days the temperature of 1°, 2°,
39, &c., up to 82, commences and ends. I have placed over against
this list the product indicating the heat received over and above each
of those degrees in all the localities. The application of these figures
to the facts of vegetation is highly satisfactory, notwithstanding cer-
tain sources of error impossible wholly to avoid. I shall here cite but
two examples.

The Alyssum calycinum is a cruciferous annual, which grows here
and there on the castern coast of (ireat Dritain and as high as Edin-
burgh, and even a little beyond, as far as Arbroath. It is found neither
on the western coast of England nor in Ireland, nor yet in Brittany or
Calvados ; but this must be attributed to the constant humidity of
those regions, for the Alyssum calycinum prefers & dry region, and it

16
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1894°, is likewise beyond it. The isle of Aland, where, as we are
told, the species grows, may well have a more elevated figure than the
neighboring cities of Stockholm and St. Petersburgh, in virtue of the
influence of the sea, but we possess no observations as to this point.
At Moscow the product cxceeds somewhat the supposed condition,
being 2524°; but probably, also, the species advances a little toward
the north of that city at a point where express information again fails
us. Finally, it is not found at Kasan, and here also the product is
only 2250°. The values then found along the limit, in its neigh-
borhood and beyond it, accord as nearly as could be desired in such a
matter with our double hypothesis of 6° and 24 80°,

The chartreux pink, (Dianthus carthusianorum,) a perennial species,
ig arrested at the west by humidity, but from Koningsberg to Kasan,
where its limit depends upon temperature, it is requisite that the
plant should receive 2450 degrees between the day when the mean of
5 degrees commences and that when it terminates.

When hypotheses of this character are thus verified successively in
many separate cases, and when they repose moreover on incontestable
principles of physiology, it may be assumed that they correspond with
a law of nature.

That law may, in the present case, be enunciated in the following
terms : Hvery species having its polar limit tn central or northern Europe
advances as far as it finds e certain fixed amount of heat, calculaled from
the day when « certain mean temperature commences to the day when that
mean terminates.

The apparent exceptions to this rule may be explained by two cir-
cumstances, which restrict its application.

1. Many species, even in our temperate or northern climates, are
influenced as to a portion of their limit by humidity and dryness more
than by the conditions of temperature. Those which shun the dryness
have a limit inclining from the northwest to the southeast—the east-
ern part of the continent being the dryest. The species which shun
humidity have a limit inclining from the northeast to the southwest,
hecause the more humid regions are, of course, those lying toward the
ocean. These causes often determine the west and east limits of
species. Quite frequently the same species will be found limited to the
east and west by circumstances of this kind, and to the north by the
operation of the law abovestated. In calculating therefore the figures
deduced from temperature, we must ascertain the point at which
the limit ceases to be regulated by one of the accessory causes and
falls within the control of the law of temperature.

2 The perennial species, and, above all, the ligneous ones, are
somectimes arrested towards the north by the absolute minima of tem-
perature. The limit inclines in this case from the northwest to the
southeast, because the intense cold prevails most in the interior of the
continent. In tracing a limit of species from west to east, if the law
as stated ceases to be applicable, the species may be regarded as having
encountered the action either of severe cold or of drought; and it is
often difficult to discriminate which of these two causes operates as an
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and different years; but in this regard we must expect to enconnter in
its application difficulties arising as well from the nature of the facts
to be observed as from the variableness of the years.*

% For the epochs of vegetation, as tor heights somewhat considerable, and for polar re-
gions, a circumstance touching the manner of calenlating temperatures will render the
application of the law rather difficalt. Tn thermometrical averages the figures below 09,
are made to enter as negatives; now, it would be necessary, in order to appreciate the
action upon plants, to regard them as nought. without retrenching anything from the
values above 02, 10, 20, &c. A species whicli would manifest the effect of a heat of 19,
might vegetate in a season when the mean should be greatly below 02, according to the
ordinary mode of calculation. It would suffice that the thermometer has been above 0©
for a certain number of hours. This consideration has prevenied me from taking for a
subject of study species which have their polar limit in Iceland, Lapland, and under other
very high latitudes. The meteorological tables give the monthly averages calculated by sub-
traction of the negative values; and even when the observations are given in detail, it is
difficult, and often impossible, to know during how many hours in a month the thermo-
meter has been above each of tho degrees. I solicit the attention of calculators to this
point.

Finally, it will be incumbent on zoologists to examine whether the law we bhave given
does not regulate the limits of certain descriptions of animals ; of those especially which are
hatched from eggs, or which recover from a hybernating torpor at certain temperatures,
and which thus require, I suppose, for the total of their active life a certain amount of heat.
Zoology and botany having always made a parallel progress, it is seldom that a law dis-
covered in one of these sciences does not immediately receive its application in the other.

As for the relations which connect botanical geography with geology, they become every
day more numerous. Perhaps geologists will take pleasure in seeing that the mode of
action of temperature upon actnal species may be stated with precision. Let them permit
me, in closing, a reflection concerning the islands which lic in the neighborhood of the
European continent. It has occurred incidentally in the course of my researches. If it
presents no new results, which I do not know, it will have at least the advantage of resting
on facts forcign to geology itself.

As regards the DBritish isles, the actual limits of the species which I have examined al-
ways udmit of explanation from meteorological causes, without the material obstacle of the
sea appearing in the least to influence them. The limits are not the shore of the ocean ; but
if a species is wanting to the British isles, it is wanting also to the opposite and neighbor-
ing coast, especially to Brittany, the climate of which is nearly similar; if it exists upon
the shores of the continent, it exists also in England. We may conclude from this, cither
that the secds have been transported without difficulty across the Channel, which is not
probable for most of them, or rather that the arm of the sea has been formed within the
existence of the actual specics.  We know that this opinion has been recently maintained
by Mr. Forbes, who cxplains after an analogous manner certain relations between the
Dritish i~lands and remoter cotintrics, such as Spain, the Azores, Lapland, &c. With re-
gard to the islands of the Mediterrancan sea the facts are different. I might cite several
cases in which it is impossible to explain the presence or absence of a species on meteorolo-
gical rcasons. Thus, according to the observations, rather imperfect it is true, of M. de la
Marmora, the south of Sardinia presents the same conditions as regards rain and monthly
temperature with certain parts of Sicily ; yet many of the species of Sicily awre wanting to
Sardinia and vice verse.  The chamierops humilis grows in Sardinia and at Villefranche near
Nice ; it fails in Corsica, which is between them. In general, notwithstanding certain evi-
dent analogies of vegetation, the islands and peninsulas of the Mediterranean offer numer-
ous anomalies in the Hinits of specics. 1t would scem that this region had been disturbed
by many successive geological revolutions since the existence of the vegetables of our epoch,
and that the accidental transportation of seeds had been, to this duy, insufficient to bring
about a conformity between the limits and the climates.
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their name (abbreviated) in small capitals in the last column. The
character (?) prefixed to a locality indicates doubt whether this or
some allied species is really the one attributed to that place.

Future information may lead to the addition to the general lists of
some trees included in the lists of trees nearly peculiar to Florida
and Mexico, or to the contrary change. The numbers and letters
prefixed to the names are intended to refer to charts of the distribu-
tion of trees, now in course of preparation. As trees do not form a
natural series distinct from other plants, and as size does not serve
as a criterion for their separation from shrubs, it might be considered
more scientific to have included all woody plants in this catalogue ;
but as that would have swelled the list entirely beyond bounds, I
bave made a selection, guided first by the size, and secondly by utility,
independent of size. It may be advisable in future to add to or to
omit some of the species. Thus, as to the grape vines, Prunus
maritima and Cerasus pumila, I included these and a few more woody
plants, not properly trees, for various reasons. Some of the vines
grow a foot in diameter, and are of use for wood as well as fruit.

'he others are interesting as analogues of trees, growing under
peculiar circumstances. They may, too, become worth cultivation
for fruit ; and one of my objects was to include all such as far as pos-
sible. The species of Crataegus and Prunus mostly come under this
exception.

The reason for giving the maxzimum heights is, that it is thought
the cultivation of trees will become some day a matter of mational
interest, and I wish to show what they are under the best natural
circumstances, supposing that, with cultivation, they will at least
equal this standard. Some of the western plants are little more than
ghrubs ; but as the western regions are comparatively poor in trees,
I have stretched the limit a little there, since shrubs become more
valuable where trees diminish in number,

Nearly all the varieties mentioned by various authors are given ;
because, first, the difference between a species and a permanent variety
is scarcely definable ; second, because they are often as truly charac-
teristic of botanical regions as the species themselves. In this article
Populus _canadensis is separated from P. monilifera for example,
because Michaux could not identity the latter east of the Mississippi ;
and we look upon it as belonging rather to the Rocky Mountain than
to the Apalachian province.

As Michaux notices a difference in the beeches of Canada and the
more southern United States, we preferred (as in the other supposed
varietics) to consider them as species having distinct ranges, until
enough good specimens can be procured to determine the fact., It is
doubtful whether there are any trees extending entirely across the
continent, within the limits of the United States, which are not more
properly included among those of the Lacustrian or Mexican provinces.

Collections of the leaves, fruits, bark, and wood of our native trees
are particularly desirable, and from as many localities as possible, in
order to determine both their range and abundance, and also to decide
those knotty points as to true specific distinctions, which still perplex
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Pike’s Expedition to Rocky Mountains in 1308, 1812,
Pucific Railroad Explorations, vols. I to VII, and Reports on Botany by Drs. Torrey and
Gray, Newberry, Antisell, Bigelow, Cooper, and Suckley.
Collections in Smithsonian Inatitution from Nebraska, Kansas, California, Oregon, and Wash-
ington Territory, and other regions west of the Mississippi river.
Hooker’s Flora Boreali-Americana, 2 vols. quarto.
Fauna Boreali-Americana, prefuce, by Dr. Richardson.
Darlington, Flora Cestrica.
Emerson, Trees and Shrubs of Massachusetts.
Lapham, Plants of Wisconsin.
Hoy, Trees of Wisconsin.
Wiiles, Agriculture and Geology of Mississippi.
Kitchell and Cook, Geology of Cape May county, New Jersey.
Thowmpson, Natural History of Vermont.
Alftlli‘,ay Society Deports ou Butany, 1849, including Geyers’ Notes of Journey across North
erica.
Agassiz, Lake Superior. (Narrative by J. E. Cabot.)
Torrey, Botany of New York.
Swallow, Geclogy of Missouri, 1st and 2d Reports, (list of trees.)
Hayden, Trees of Nebraska, in Warren’s Explorations, 1859.
Elliott’s Botany of Southern States, 1824.
Russell, Climate and Agriculture of United States, 1857.
Richardson’s Journeys in Search of Franklin.
Reports on Botany.
Darby, Botany of Southern States.
Geyer, Botany of Oregon, in Hooker’s Lond. Jour. Bot.
Gray, (Asa,) Statistics of Flora of Northern United States, in Sill. Jour., 2d series, vol.
XXII, 1856, and XXIII, 1857.
Anderson, Synopsis of North American Willows, from Proc. Amer. Acad. Arts and Sciences
IV, 1358.
Rafinesque, Florula Ludoviciana.
Trans. Amer. Phil. Soc., 2d series, vol. 3, Dr. Pickering on Distribution of Plants of United
States.
Ibid, Nuttall on Plants of Arkansas.
Lieutenant Colonel Kearny and Major J. D. Graham, Top. Eng., East Boundary of Texas,
with detailed maps, 1840.
Brevet Captain J. C. Frémont, Top. Eng., Explorations, 1842, 1843, 1844,
Major W. H. Emory, Top. Eng., Explorations of, 1846, 1847.
Lieutenant J. II. Simpson, Top. Eng., Canadian river and Navajo country, 1849,
Captain H. Stansbury, Top. Eng., Exp. to Salt Lake, 1849, 1850.
Lieutenant Colonel Johnston, Top. Eng., Explorations in Texas, 1849, 1850, 1851.
Captains Sitgreaves and Woodruff, Top. Engs., Boundaries of Creek country, (36° 30, de-
viled maps,) 1850, 1851.
Captain L, Sitgreaves’ Expl, Zufii and Colorado rivers, 1851.
Captain R. B. Marey, U. 8 A., Expl. of Red river of Texas, 1852.
18Lieutenant G. K. Warren, Top. Eng., Bxplorations in Minnesota and Nebraska, 1855,
56, 1857.
831'\Jlajur W. H. Emory, U. 8. A., Survey of Mexican Boundary, 1849, 1850, 1852, 1853, 1854,
5.
J. R. Bartlett, U. S. Comm., Survey of Mexican Boundary, 1849, 1850, 1852, 1853, 1854,
1855.
Personal narrative.
A. D. Bache, Supt. Coast Survey, maps of Pacific coast and along Gulf of Mexico.
United States Land Offico Surveys of Michigan, Indiana, Illinois, Wisconsin, Minnesota
issouri and Arkansas, up to spring of 1858.
Journey to Pembina, on Red river of Minnesota, 1857, by R Kennicott, of Illinois.
Nicollet’s Report Expl. Upper Mississippi, 1843. -
List of Plants by Dr. Torrey and C. Geyer.
Roemer’s Texas, 1849.
V'IA. Von Humboldt on Distribution of Plants, translated in Edin. Philos. Jour., vol. VI,
1, 1820.
Many other works have been consulted which were not made note of at the time, and also
results given of personal explorations and ohservations made from Maine to Virginia, and
across the continent through Nebraska, Oregon, Washington, and California.
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Great St. Bernard, they stretched on the earth a piece of taffeta pre-
pared with gum, on which they coiled a silk thread, covered with
tinsel, 262 fect long. They placed one of the ends in communication
with the stem of a straw electrometer by means of a knot fastened
loosely to it; and after having attached the other end to the iron point
of an arrow, they shot it upwards by means of a strong bent bow. The
arrow as it rose bore away the conducting thread, as in the experi-
ments of De Saussure, and separated it from the stem of the elec-
trometer. Messrs. Becquerel and Dreschet observed that the straws
of their instrument diverged gradually as the arrow rose, so as at last
to strike strongly against the sides of the bell. They also ascertained
that the electricity transmitted to the electrometer by the arrow did
not proceed from its friction against the air ; for they observed that the
experiment was unsuccessful when the arrow was shot horizontally at
three feet above the ground.

In 1785 De Saussure* added an important improvement to his at-
mospheric electrometer. Availing himself of the action which points
exercise on the electric fluid, he surmounted it with a conductor, ter-
minating in a point, two feet long and composed of three pieces which
could be adjusted to each other. The length of two feet appeared to
him the most proper, because a longer conductor would render the
instrument much more difficult to manage without increasing its deli-
cacy. To the conductor was attached a little umbrella of very thin brass
plate, of a conical form, and four inches and a half in diameter, de-
signed to preserve the electrometer from the rain or snow. By this
addition the instrument acquired such a delicacy that the two small
balls would diverge when a stick of sealing wax that had been elec-
trified was passed rapidly over it, at a distance of fifteen or eighteen
inches.

To make his observations De Saussuret chose an open place, free
from trees and houses, and there put the plate and conductor of his
instrument into communication with the ground; he then elevated the
point so as to bring it to the height of the eye. After having no-
ticed to how many lines the divergence of the little balls corresponded,
he slowly lowered the electrometer towards the earth, and marked
the height of the point of the conductor at the moment when the di-
vergence had entirely ccased, as the distance from the ground at which
the atmospheric electricity began to be perceptible. He regarded the
electricity as exhibiting itself’ at the surface of the earth, when the
electrometer without a conductor diverged when it was simply placed
on the ground. Finally, if on being placed at the height of the eye,
and consequently its point two feet higher—that is to say, seven
feet—the electrometer exhibited nuo divergence, he raised it one or two
feet higher; but as then he could no longer observe the balls, he
touched the bottom of the conductor with the other hand, and then
brought down the instrument near the earth to see if it wag electrified.
If it was so, he concluded that the atmospheric electricity was sensible
at eight or nine feet. 1f it was not so, he marked in his journal 0,

* Voyage dans les Alpes, tor. II, sec. 791, page 203, and sec. 793, page 211.
1 Voyage dans les Alpes, tom. II, sec. 798, page 216. :
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tralized; it can only take place when they possess an excess of one or
the other electricity which is the same as that of the stratum where
they are found. If the particles possess a greater excess of this same
electricity they will act only in virtue of this excess upon each other
and upon all the molecules of the surrounding air; they must then
mutually repel each other. If, on the contrary, the excess of elec-
tricity which they possess is less than that which they naturally re-
ceive in the position where they are placed, the mass of the medium
will act on each one of them by virtue of this difference, and their
natural electricities will be decomposed as much as is necessary to
complete what is wanting to them of the electricity of the medium; by
virtue of this addition they repel the medium as much as the medium
repels them, and will therefore undergo no more action. But they act
on each other with the excess which they have acquired from the
opposite electricity, and if the medium is an indefinite fluid composed
ot particles susceptible of being electrified by contact, this excess will
by degrees be dissipated in space.”’

Experiment does not sustain this mode of regarding the action of
the electrified air on the conducting bodies which are immersed in
it; for it would follow that an electrometer ought to present almost
always a negative divergence at the instant of its exposure to the air
under a serene sky, since its leaves would act on each other with the
excess of the electricity which they had acquired by the positive influ-
ence of the stratum of the surrounding air. It would likewise follow
that if, after having freed the instrument of its negative electricity, we
should lower it or raise it suddeunly the leaves would exhibit a posi-
tive divergence in the former case and a new negative divergence in
the latter. Now, experiment shows that precisely the contrary takes
place. Other phenomena, of which we shall have occasion hereafter
11:& speak, are equally irreconcilable with the principle announced by

. Biot.

In his explanation of the formation of thunder clouds, M. Guy Lus-
sac* supposes that the electricity is diffused in the atmosphere, and
that it exists in a free state, ready to be transferred and collected on
the conductors which are presented to it. On this supposition the
electrometer would always take a quantity of electricity corresponding
with that existing in the air into which it is immersed ; but this elec-
tricity cannot be the cause of the positive divergence which is observed,
since the surrounding air and consequently the armatures and the
gold leaves of the instrument being then in the same degree of elec-
trical tension, there is no reason why the last acted on by equal forces
should diverge from each other. This appears from thefollowing experi-
ment, for which we are indebted to M. Peltier.¥ This scientist took
a glass globe covered with tin-foil, with the exception of two small
openings opposite each other so as to see what passed within. At
the centre of this globe he placed a small electroscope, the gold leaves
of which corresponded to the visual ray, crossing the two openings;
he then charged the globe with a considerable quantity of electricity,

*Ann. de Ch. et de Phys., tome VIII, p. 163. 1818.
1 Observ. et Recherch, Expérim., sur les Trombes, introduction, p. 3.
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dish dry fogs which are strongly negative ; they act at a less distance
and produce a greater inductive effect. These fogs show also what a
series of discharges would be produced between the gold leaves and
the armatures, if it were the air which was the electrified body.”’
These experiments place beyond doubt the existence of the nega-
tive electricity of the earth, of which M. Peltier speaks. It had
previously attracted the attention of De Saussure,* who, by a particular
arrangement of his electrometer, sought to ascertain its variations.
The most direct means of determining it consists in placing one of the
ends of a platina wire of a rheometer in a moist part of the ground,
and the other in a dry portion of the same ground or under an ad-
joining building. This part of the ground or of the building being,
on account of its partial conductibility, less charged with electricity
than the moist ground, the electrical equilibrium is established be-
tween the two by the means of the metallic wire, and results in
an action on the magnetic needle. In this way M. Peltier{ ascer-
tained that during clear weather the ground is constantly negative at
very different tensions, according to the hygrometric state and tem-
perature of the air. But if it be true that the earth possesses a nega-
tive electricity, and that an electrometer placed under a clear sky
becomes electrified by induction, and not by contact of the surround-
ing air, must we conclude, with M. Peltier, that the air is wholly
deprived of electricity? This philesopher introduced the positive in-
duction of celestial space in the electrical phenomena of the atmos-
phere; but he used this language only that he might be the more
easily understood. According to him, ponderable bodies only have
the power of controlling the cause of electric phenomena. Impty
space, therefore, can control nothing. The earth, as a ponderable
body, possesses the power of coercion which M. Peltier calls negative
electricity, while celestial space, not being able to control this cause,
owes to this negative quality an electric reaction, which he calls vitre-
ous electricity. Iurther, this philosopher admits neither the theory
of the two electric fluids nor that of one fluid; but he regards the cause
of electric phenomena, the same as that of light and heat, as a
modification of a universal fluid which fills all spacz, and the terms of
““vitreous’” and ‘‘resinous’’ have for him no other meaning than that
of indicating the different degrees of one and the same state, beginning
at a point of equilibrium deprived of all electric manifestation. It is
by these considerations that he explains the phenomena which the
electroscopes present when they are raised or lowered. This interpre-
tation of atmospheric electricity is then joined to a new theory of
electricity, which M. Peltier has hitherto only indicated, and of which
he promises afterwards to furnish all the details. However this may be,
it appears that the different methods of managing electroscopes under
a clear sky could likewise be explained by the theory of two electric
fluids and by the hypothesis of different atmospheric strata progressively
electrified. We might, however, ask how it happens that an electro-
scope which has been brought to an equilibrium presents no diver-

# Voyages dans les Alpes, tom. II, § 830, page 254,
1 Traité de 1'Electricité et du Magnetism, par Becquerel, tom. IV, p. 107,
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mazximum of height which the kite could attain, the deviation increased
so that the needle struck the check at 90°, and was maintained be-
tween 70° and 80°, consequently the current had at least a force of
600 proportional degrees of the electrometer. Thus, then, under a
clear sky the intensity of atmospheric electricity increased slowly
up to a certain height, beyond which it increased with very great
rapidity. Another fact, not less important, is the existence of a stratum
of negative air interposed between the positive strata, a fact which
M. Peltier observed when in the course of warm days light clouds
were formed. The reverse of the sign in atmospheric electricity
was exhibited for the first time April 21, 1840. The sky was quite
clear, except that here and there the vapor formed into long cirrus
clouds, which moved slowly from the south, while the lower wind
was from the northwest. The kite reached the height of 100 feet,
and the rheometer had as yet given no signs of a current, though
the electrometer had indicated an increasing positive tension at the
height of 10 feet. At from 100 to 164 feet the rheometer deviated from
2° to 3°, and indicated a descending positive current. Above this
height the two instruments remained an instant without giving any
electric sign, after which the rheometer indicated a descending current
of 2° or 3°, but negative. The electrometer assigned to this negative
zone a thickness of about 66 feet, above which the positive electricity
reappeared. The new positive current, of which notice was given by
the rheometer, was at first feeble; but the kite being raised to 394 feet,
the needle began to move rapidly. When it had reached 590 feet, the
current showed 60°, corresponding to 160 proportional degrees.

Some experiments on atmospheric electricity at different heights in
the air have also been made by Messrs. Becquerel* and Breschet, on
one of the plateaus in the vicinity of the Great St. Bernard, by
means of an arrow provided with a conducting wire, the extremity
of which communicated with a straw electrometer. The results at
which these philosophers arrived prove, 1. That on high mountains, in
clear weather, the electricity increases in intensity from leaving the
ground up to the height of at least 262 feet, the limit to which the
observations were carried ; 2. That this electricity always remains
positive, without any appearance of change of sign.

We ought also to mention the experiments which Messrs. Gay
Lussac and Biott made during their wrostatic ascension. These
philosophers likewise found atmospheric electricity increasing with
the height; but it appeared to them negative, though the sky was
perfectly clear. This result is not surprising, if we consider that
the mode of experimenting adopted in this case consisted in suspend-
ing, by one end, a metallic wire of 164 feet long, terminated at the
lower end by a ball of metal, and that it was the electricity at the
top of the wire which was observed. This electricity would, then, be
of the same nature as that produced by a charged plate held over the
point -or the ball of an electrometer; the point or ball would be
charged negatively by the positive induction of the plate. M. Biot*

“ Trait€ de 1'Electricité et du Magnetisme, tom. IV, pag. 110.
+ Journal de Physique, tom. LIX, pages 315 and 318.
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The electrical periods determined by the observations of Mr. Clarke,*
of Dublin, are somewhat different. According to him, the first minimum
takes place at three o’clock in the morning; the electricity then
increases till ten o’clock ; it then slightly diminishes till eleven o’clock,
then increases anew till two o’clock and forty-five minutes in the
evening ; at three o’clock it begins again to decrease, but more rapidly
than the first time, till five o’clock; it then increases till seven
o’clock ; then rapidly decreases till it has reached its minimum at
three o’clock next day.

In order to exhibit more clearly these periods of atmospheric elec-
tricity, we quote the observations which were made by Schiitblert
on the 11th day of May, 1811, at very short intervals of time, and
under a sky constantly clear. We shall follow them by a series of
analogous observations, for which we are indebted to De Saussure,}
and add some of those which were made by M. Arago§ at the observa-
tory of Paris by means of the straw electrometer.

Observations by Schiibler.

£, R
3 | w3 | 2 } 5 |
Hours. Sz £E ‘ <5 E < | State of the sky.
2 R g S 3 |
3 CAR S
= = [ \ = \
|
0 o | o \ o] !

4a.m.___...... + 5 88 72.5 1 4 9.3R.)
Sa.m ____...... 6 88 75.4 | 95 | Perfectly clear ; gradually
Ga m. . ._...... S 87 V7.4 10.5 + the sky became vapor-
Ta I oo 11 86 80.8 12.1 | ous; dew was formed.
Sa. M cenicaano. 3 84 82.7 13.5 ]
[T 10 76 779 | 155 )
1I0a. moooooo.o. 8 70 73.9 17.0 | The horizon completely
12a.m coooo... 7 63 7.7 20. 1 L cleared up; the color
2P Mo, 6} 61 71.6 21.6 of the sky became a
4 pomoo_.. 5% 60 70.1 21.3 pure blue.
Spm___...__.. 5 62 71.9 20.9
6p. Mmoo, 6.0 65 3.9 20,0 . R
7.30 p. m....... s.0 | 712 77.0 | 17.5 |} vepors and evening dew
8.30 p. moo oo 12.0 3 84.2 | 15.5 formed again.
9.30 p.mo._.._. 8 86 80.4 13.0 ]
10.30 p. moooo-. 7 88 79.8 12.1 . ]
12 pomeoooo. 61 88 79.1 | 1L.0 ,LPelf““Y clear.
28 M cammmaaans 5% 88 ’ 74.2 10.1 |

Thesc_observations were undertaken at the request of the Royal Irish Academy, and
were continued during a whole year.—Philosophical Magazine, vol. XVI, pages 224 and
228, 1840.

1 Journal de Schweigger tom. I1I. Deilage.

T Voyages daps les Alpes, tom. II, § 802, page 224.

§ Traité de I'Electricité et du Magnetisme, par Becquerel, tom. IV, page 93.
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Observations by M. Arago.

Hours. Electrometer.| State of the Winds.
sky.
[¢}
March 3—7.20 a. m...... S, +-0.50 | Clear -...-. E.
7.80 @ Mo e cmccccmcmccacnaaa- 1.45 |..dOoemecca-- E.
750 8. Mevme e ee e ccccmacaecemae 2.30 |.-d0ccea---- E.
8 B Mecmmmecccerccac e cmm——aae .00 |-.do—cae---- E.
8.30 . Moo eme e ecccecccaaaan- 2.60 |.cdOeecaoo-- E.
9 B M ccc i cecemcccmecceeaaes 6.25 |-.dowoooao- E.
9,50 @ Mo e cmeamn 5,10 |..do-coc-a-. E.
9.45 p. Moo aonnas [ 3.00 |..dOeac----. E.
9,15 P e ctcmeaceeceas 0.85 f..do..__.... E.
March 6—7.30 & Movo oo e e iccmaa- #1.50  |oodOccccanans SE.
Todd A Mecececcmeccncancmancane 0.75 [andOacoucoao. SE.
8 & Mucccmcceccccc e aaa——n- 9.50 |..dOoeooaa--. SE.
8.30 @& Moo i 6.00 [..dO-cecan-. SE.
D 8 Meoceenmcacnacoccecccaccnanan- 15.00 |..dOecacnao-- SE.
9.15 & Moo i 23.50 ..do.coo--.. SE.
10.20 @0 e ce e e e e cmecememm e 9.00 (..do---_.--. SE.
5045 P Moo c oo cicmiaaaan R, 0.00 (..do-----_._ E.
A T ¢+ TSR 0.20 |..dOacecoo-. E.
9.50 P Me i iieemceme—————- 10.00 |-.docec---. k.
March 14—7.40 & Moo e ceeeeean 41.65 |..do-_._._.. W. Sw.
LI T ¢+ NI 3.256 [..dOcccea--. W.SW.
8,20 & Mcmovo e imemee e 14.00 |-edOccceon-. W. SW.
8.30 & Moo 18.00 |..dOcceaa-.. W. SW.
8.45 & Mlacaw oo e mcmecemeeees 24.00 |..dOeeceeoo-. W.SW.
LS 1 126.00 |<.dOaeennn.. W.SW.
10 A Mo ie e 21.00 |-.dO-aon.... S. SW.
1015 80 e e oo 5.25 |oodOccmcuao- S. SW.
12 amo .. 2.00 |-.dOaccuo--. S.8W.
0045 Po Mle e e e e eeieaeen 4.50 |..dOcecnan-a. S.SW.
1.20 P I ee e e 5.50 |o.dOeea-eo.. 8. SW.
140 pomoccim e 3.00 |..dOoeeaaon.. S. SW.
5.45 P M e eeeeaaan 0. 00 Vaporous ._-I S,
6.45 P Mmoo 0.20 |._doeo—oo... I'S.
U T 2 T O S 2.00 |..do__._.___. ! 8

The hourly observations of Schiibler indicate a first minimum at four
o’clock in the morning, a first mazimum at eight o’clock, a second
mintmum_at five o’clock in the evening, and a second maximum at
eight and a half o’clock in the evening.

It we look at the first eighteen observations of De Saussure, which
include from twenty-four to twenty-five hours, during which the
sky remained almost clear, we see that at first the electricity was
quitestrong towards nine o’clock in the morning ; that it decreased
gradually till six o’clock, when the first minimum was exhibited ;
it then increased till eight o’clock, when it reached the second
maxunum ; and then it decreased anew till the time of the second
minimum, which took place about six o'clock the next day. We do

% Deviation variable. + More than 26°,
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Months. First minimum, | First maximum, | Second maximum,

morning. ; morning. evening.
S e e e =
June, 1831, coooooiivnan | From 4 to 5 o’clock | T5to 6 o’clock 10 o'clock.
July, 1811 ... 5 o'clock ! 61 o’clock 9% o’clock.
Auguet, 1811, oo o.oooo. 5 o'clock | 74 o'clock 83 o'clock.
September, 1811_______._.. 7 o'clock 5 8 o'clock 8 o'clock.
October, 1811.___ . __...... 7 o'clock | 84 o’clock 74 o’clock.
November, 1811, ... ... 7 o'clock | 9 o'clozk 7 o'clock.
December, 1811, . _..... 8 o’clock ! 10 o'clock 6 o'clock.
January, 1812. .. __....._. 7 o’clock | 10 o’clock 6 o'cloclk.
February, 1812 . ... 7 o'clock | 9 o'clock 7 o'clock.
Mareh, 1812 (1) coce oo G}o’clock | 84 o’clock 7% o'clock.
April, 1812... oo o-. 6 o'clock | 8 o'clock 8 o'clock.
May, 1812 oo oo . 5 o'clock | 7 o'clock 9 o'clock.

| .

(*) In his observations on atmospheric electricity made during clear days of the month
of March, 1830, M. Arago found that the mean hour in respect to the first moximum was
about 8. 48m for the same month.

These observations show that the different periods of the year exert
a striking influence on the intensity of atmospheric electricity in clear
weather as indicated by the electrometer. This fact was previously
established by Cavallo,* who found the intensity with which it acted
greater in cold weather than in warm. Voltat observed that in winter
his electrometer indicated from ten to twenty degrees as the maximum
of the morning, that it often indicated eight degrees towards the hour
of sunrise, while in summer the mazimum of the morning rose to only
six degrees, and that of the evening to eight. De Saussuref observed,
likewise, that atmospheric electricity is much weaker in summer than
in winter; at the latter period of the year, in the open country, he
observed the small balls of his electrometer diverge two lines, whereas
in summer their greatest separation was but one line.  This circam-
stance was especially to be noted in Schiibler’s§ observations, as
may be seen by the following table, which includes the mean intensi-
ties of the electricity of clear air at mean periods of the maxima and
minima, as well as the general mean and absolute mazimum of each
month.

# Traité complet d'Electricits, page 293.

1 Dictionnaire de Geller, tome VI, page 475.

I Voyagces dans les Alpes, tome II, § 803, page 225.
§ Journal de Schweigger, tome VIII, page 21.
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tion to the hygrometric state of the air, gave the following explana-
tion : ¢“ Towards the end of the night the electricity appears very
feeble, either because the evaporation is nearly nothing, or because the
moisture of the preceding evening and that of the night which fol-
lowed it have transmitted to the earth nearly the whole electric fluid
accumulated in the air. But when the sun begins to warm the earth
again the electricity of the atmosphere increases, because the vapor
which the heat causes to rise from the earth conveys electricity into the
air, and transmit, in part, that which begins to accumulate. But
when the sun reaches a certain height the heat increases in a greater
degree than the evaporation; the air is dry, and transmits with
difficulty the electric fluid accumulated in the height of the atmo-
sphere. It follows that our electrometers, placed near the surface of
the earth, indicate a decrease of electricity, although the electric fluid
continues to accumulate in the elevated regions. Again, as the sun
approaches the end of his career the air is cooled, becomes damp, and
begins to transmit more abundantly to the earth the electric fluid
accumulated in the higher regions. The electrical intensity must
then increase with the moisture until two or three hours after sunset.
Finally, when the air begins to be exhausted of its moisture the elec-
tricity decreases anew until the next day.”” De Saussure, according
to the same principle, explains why atmospheric electricity is much
less powerful in summer than in winter. The air in the first case
being warm and dry resists with more force the escape of the electric
fluid accumulated in the upper regions of the atmosphere; while in
the winter the moist air must produce a contrary effect. He thought
that the accumulation of free electricity, in summer, in the elevated
regions of the atmosphere is probably one of the causes of the fre-
quency of thunder storms in this season.

This manner of accounting for the daily variations of atmospheric
electricity, which M. Becquerel* and other philosophers have also
adopted, rests on the development of electricity during the evaporation
of water——a phenomenon which does not appear sufficiently proved in
the present state of science, as we have heretofore shown. It sup-
poses, also, that an electrometer is charged by the contact of the sur-
rounding air; and we have seen, according to M. Peltier, that the
contrary is true. Besides, it is difficult to conceive how vapor can
transmit the electricity with which it is charged to the higher strata
of the atmosphere at the same time that it transfers towards the
earth that which is accumulated in these same strata. Finally,
among the lower moist and conducting strata there must be found
other strata sufficiently dry, and consequently so imperfect in their
conducting power as not to permit the transmissions of electricity.

Schiibler’s observations establish a direct relation between the
daily variations of the electricity of the air and those which occur in
its state of relative moisture. In fact, if we examine the table which
contains the hourly observations made by this philosopher on the 11th
of May, 1811, we see that atmospheric electricity is at its minimum a

# Traité de 1'Electricité et du Magnétisme, tom, 1V, p. 102.
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the divergence of the gold leaves or straws of an electrometer is cwing
to a superior positive induction, and not to the electricity which the
surrounding air has communicated to this instrument. Finally, if
we recollect that the presence of an ignited body is sufficient to render
this divergence greater, we may perhaps conclude that the daily vari-
ations of atmospheric electricity, such as have been observed by
De Saussure and Schiibler are only in a great degree the effect of
changes which, during the course of the day, take place in the electric
radiation of the electrometer. In fact, these changes depend directly
on the greater or less facility with which the negative electricity
can escape, and consequently on the conductibility of the air.
Everything which tends to increase this conductibility will favor the
electric radiation, and consequently the divergence of the gold leaves
produced by the repelling electricity ; on the contrary, everything that
diminishes the conductibility also weakens the radiating power and the
divergence of the instrument. But as the conductibility of the air is
in its turn dependent on the quantity of vapors it contains, it appears
to us that an electrometer with a metallic rod ending in a point,
would give in the same circumstances, that is to say, under a clear sky,
indications in direct accordance with the hygrometric state of the air.
Accordingly, the electric radiation, and consequently the diver-
gence of the gold leaves, will increase at sunrise, on account of the
vapor which rises in the air, and render this medium a better con-
ductor of electricity; it will be the same in the evening towards sun-
set, when the decrease in the temperature will produce the condensation
of the vapor which is in the lower strata of the air. Toward the
middle of the day, on the contrary, the warmer air is at the same
time dryer and consequently a poorer conductor of electricity;
hence the radiation of the electrometer as well as the divergence of its
leaves will diminish. Finally, this divergence ought likewise to
decrease some hours after sunset, when, by the fall of the dew, the air
becomes relatively less a conductor.

Thus the daily variations which the electrometer exhibits in its
indications appear to us to explain in part the changes which the
electric radiation of this instrument undergoes in the course of the
day. In the same manner we account for many observations made by
De RSaussure and other scientists. It is known that De Saussure
found the intensity of positive electricity under a clear sky stronger
onquays, and particularly on bridges, than in the open country.
This ought evidently to be the case, not because the vapors which rise
constantly from the surface of the water convey to the air a greater
quantity of positive electricity, as has been supposed, but because the
air, being in these places more saturated with moisture than elsewhere,
ought to possess greater conductibility, and consequently render easier
the electric radiation of the electrometer. In the same manner may
be explained why the electric inteusity is more feeble in summer than
in winter, since, in summer the air being less moist than in winter,
would also be less a conductor of electricity. We see, also, why in the
times of prolonged drought the intensity of the electric periods decrease
gradually, as has been observed by Schiibler.*

~Journal de Schweigger, tom. VILI, p. 28.
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CHAPTER IIL
OF ATMOSPIERIC ELECTRICITY IN OVERCAST, FOGGY, AND CLOUDY WEATHER,
§ 1.—Of atmospheric electricity in cloudy weather and during fogs.

De Saussure™® appears to be the first who observed that in cloudy
weather, but without rain or storm, atmospheric electricity exhib-
ited almost the same character that it did in clear weather. The
observations made by Schiiblert confirm thisresult. The latter estab-
lished the fact that when the weather wascloudy, without being at
the same time stormy, the electricity was still positive; but he found
that its intensity was less than in clear weather, as Cavallof and other
philosophers had already remarked before him. Further, the indica-
tions of the electrometer are stronger in winter than in summer;
and although the daily variations may be less regular than in clear
weather, they nevertheless present a period in the means of the ob-
servations made during the hours which are relative to the maxima
and minimae of every month. This is shown by the following table
which gives the results of the observations that Schubler made under

an overcast sky four times a day:

I
Mean monthly forces of atmospheric electricity. 2 E
= [ g B = E 2
Months, E| 5 E 5 ] =
£ £ g E c SE
@ £ 5 2 i z @ z 5 g3
= E =4 f g 2 g =1 g & g3
= | 2|82 &2 |7 |= 8"
- ; {
o l o ° o Y
June, 1811...00auuee. 4t05 |- 3.40 [ Tt to 6 i+ 8.20 2 14 3.83 10 [4- 7.33 5.69 15.8R.
July, 1811 ..l 50 400 "6 6.7 4.00 o1 |1 7.00 Rt +IG.6\
August, 1811, vvuvean, 5 5.00 | 74 8.33 4.66 x| 10.00 6.99 14.3
September, 1811, .... 7 5.50 8 8.00 3.50 8 9.00 6.50 11.3
October, 1811........ 7 5.20 84 8.12 4.83 7 8.00 6.53 11.3
November, 1811 7 6.00 9 7.86 8.50 7 10.66 8.00 5.1
December, 1811 8 8.93 10 | 12.00 15.31 | 6 19.41 13.41 1.5
January, 1812 7 9.76 10 | 14.00 16.86 6 25.64 | 16.56 |— 2.4
February, 1812 71 6.60 9 9.60 8.50 70 1310 9.45 (4 3.0
March, 1812 . 61 3.00 8 6.16 3.83 ke 7.40 5.09 3.8
April, 1812. 6 3.00 8’1 6.50 3750 8| 5.0 4.62| 4.3
May, 1812 . ... . 5 3 50 7 6.09 . 4.50 9 5.80 4.95 11.1
Means .......... { ........ 1532 I‘ ........ I+ 8.46 |eere.... + 6.81 i +10.7 |+ 7.81 |+ 7.9
|

The comparison of this table with that given on page 328 shows that
the intensity of atmospheric electricity indicated by the electrometer
is, In {act, less with a cloudy sky than with a clear one. But Schiibler§
frequently observed that it was much stronger than ordinary in clear
weather, and when, after acloudy season, the sky suddenly became
clear, the hygrometer indicated also considerable moisture in the air.

If a cloudy sky produced a decrease in atmospheric electricity,
without, however, entirely concealing the daily variations, it was not

# Voyages dans les Alpes, tom. I, § 201, p. 221,

tJournal de Schweigger, tom. VIIL, p. 21.

1 Traite Complet d’Electricité, p. 293.

§ Journal de Schweigger, tom. VIIL, p. 28. This increase in the intensity of the atmos-
pheric electricity when the sky suddenly cleared up had been already noticed by Beccaria,
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powder, acquire by their friction an electricity perceptible by the elec-
troscope, there is nothing to show that the same will not be the case
even from the friction of the liquid particles against each cther, or of
the liquid particles against the particles of air. Besides, an electricity
as strong as that which is exhibited by the spray of the cascades would
be scarcely in proportion to so feeble a cause of development. As
for the second explanation, which is the one given by Volta, and which
Schiibler also adopted, besides that it rests on the hypothesis of the
development of the electricity, in the formation of vapor, a num-
ber of other objections may be made, to which it is difficult to give
a satisfactory answer. TLus it appears impossible to conceive how
the drops of water in simply falling from the height of some hundred
feet can become electrified by evaporation, so as to produce an elec-
tricity as strong as that which has been observed during storms, and
even stronger than that which is ordinarily exhibited in ‘the drops
of rain which fall from a height incomparably greater.

As we have already said, M. Becquerel found in the negative elec-
tricity of falls of water a proof of his theery of the formation of nega-
tive clouds. According to him, this electricity proceeds from that
which the earth habitually possesses. The water, in falling with great
velocity on the rocks, is scattered into vesicular globules, which carry
with them into the atmosphere the negative electricity which they
have taken from the rocks. M. Becquerel drew from this the con-
clusion that the vapor which is formed at the surface of the globe
may, in the same way, carry away a portion of the negative elec-
tricity of the earth.

This explanation has been opposed by M. Belli,* who believes that
the electrical phenomenon of t%e water of cascades is owing to the
development of electricity by the induction which the positive eiectricity
of the atmosphere exercises on the water. ¢ The water,”” he says,
“‘is by induction in the negative state, when the atmosphere is as it is
ordinarily, charged with positive electricity. At the moment when
this water divides into thousands of minute drops, it cannot fail to carry
the electricity with which the electrical induction of the atmosphere
has impregnated it to all the bodies which it meets.”” M. Belli made
some experimental researches in support of his opinion. He arranged
in an uncovered place, and under a clear sky, a portable fountain.
He then discharged a jet of water slightly inclined from the perpen-
dicular, and collected the drops which escaped in an insulated vessel,
communicating with a Leyden phial. On examining it with the con-
denser, he ascertained that the drops of water were very perceptibly
negatively electrified. When the compressed fountain was insulated
and put in communication with an electroscope, he obtained a very
marked divergence of positive electricity, which was reproduced every
time it was destroyed by momentarily touching with the hand the ball
of the electroscope. According to M. Belli, these experiments demon-
strate that the column of ascending water becomes electrified by the
electric induction of the atmosphere. To show that the evaporation
of the water was of some importance in this phenomenon, he repeated

# Bibl. Univ., Nouvelle Serie, tom. VI, page 148, 1836,
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After having established this principle, M. Peltier thus cxplains
the electricity of clouds: When the first elastic vapor charged with
negative electricity has been condensed into opaque clouds by being
cooled down, and the temperature in rising again afterwards pro-
duces a second evaporation, which takes place under a superior
positive induction, and the first vapor produced has its negative
tension increased, at the expense of the lower strata of cloud, kept
at the positive state by terrestrial influence. It follows that the
elastic vapor produced in the second evaporation is more strongly
negative than that first formed, while the vapor produced by the
evaporation of the lower strata of the cloud will become positive.
Wken a new lowering of temperature afterwards produces condensa-
tion into clouds of the secondary vapor, the higher masses form
negative and the lower masses positive clouds, the former keeping
themselves at a greater elevation than corresponds to their specific
gravity, becanse of the repulsion of the earth, the latter, on the con-
trary,descending to a lowerlevel than belongs totheir weighton account
of the attraction of the globe. This transtormation of the elastic into
opaque vapor, and of opaque into elastic vapor, alternating a
great number of times, according to the atmospheric conditions,
would result in clouds the electric tension of which may become very
powerful. M. Peltier produced an illustration of one of thesetransforma-
tions by making use of a cousiderable number of very small soap
bubbles, which he subjected, in an insulated capsule ot glass, to the
positive action of a globe; he saw some of these balls elongate, shoot
out, dissolve, and disappear, leaving the rest of the cloud powerfully
charged with positive electricity, a phenomenon which indicated that
all the parts which rushed out and were dissolved were negative.

It appears, also, according to the same philosopher, that observations
may be made in support of this theory when the sky is sprinkled
with cumuli, thin enough to distinguish their interior movements.
In examining one of these thin clouds, we see that each of its
parts changes its position in relation to the others while the evapora-
tion is going on ; and these movements are the more extended the
more rapidly the evaporation proceeds, without, however, being the
same 1n the whole mass. Toward the edge which receives the direct
rays of the sun, the evaporation being greater, the opaque vapor
becomes strongly positive, and we see it attracted towards the earth,
pass below the mass of cloud, and continue there while on the
opposite side the vapor extends and disperses until it is all trans-
formed into elastic vapor, but without the great agitation or lively
repulsion from above to below. Finally; after a succession of
of warm days, which reproduced a series of transformations of the
opaque into elastic vapors, and vice versa, we may sometimes, by means
of the kite, reach some of those masses of elastic vapors having an
electric tension different from that of the adjacent masses, and strong
enough to neutralize the whole positive current produced in the lower
strata,

This explanation of the electricity of the clouds admits that the
vapor enters the air charged with negative electricity. The detail
into which we have entered, and the observations on the elec~
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This relation between the fall of rain and the changes in the electrical
state of the apparatus was observed by M. Arago* and M. Peltier.t
Besides, the latter of these two philosophers noticed an electrical fact
which preceded the sudden appearance of hoar-frost, and which tends
to verify the opinion advanced by him as to the formation of this
body, which he considered, as well as hail, accompanied by electrical
discharges. He states that, before the hoar-frost falls, the needle of
the rheometer of his apparatus may be seen to deviate a number of
degrees, more or less considerable, then all at once retrograde rapidly
and pass from the other side of the zero, as is the case during storms
before a flash of lightnicg, and at the moment of its appearance. By
means of these indications he ascertained that the approaching fall
of small hailstones could be readily foretold.

The oscillations which are exhibited in the electric state of the elec-
trometer, during the fall of rain or of snow, is particularly worthy of
the attention of observers, since similar effects are produced in the
electrical discharges during storms. We way ask, if’ the indication
of this instrument is really produced by the electricity of the rain.
Schiibler’s observations cannot decide this question. In fact they
were made with Volta’s electrometer, supplied with a conductor and
an ignited body; now, when this instrument is exposed to the air
during the fall of rain it is subjected at once to the influence of the
electricity of the air, which is always positive, to that of the electri-
city of the cloud from which the rain falls, and which may be positive
or negative ; and finally to the electricity of the rain which strikes on
it. The following observation of M. Peltier] may throw some light on
this subject: “ On the 8th of June,”” as this observer states, ‘‘toward
four o’clock in the evening I had a descending current, the rain began
about five o’clock. There were several negative and positive alterna-
tions in the direction of the current. The water which fell did not
change its sign as the current did, it always gave negative indications
to the electroscope.”

To ascertain what in the indications of the electrometer is due to
the electricity contained in the rain when it comes in contact with
the ground, it is necessary to withdraw the instrument from the elec-
trical influence of the clouds, as well as that of the air. Perhaps it
may be ascertained by receiving the rain into an insulated metal vase,
which may be made to communicate with an electrometer without by
a stern placed in the inside of an apartment. It is well known that
in this case the instrument is protected from the electrical influence
of the air, as well as from that of the clouds.

We have already said that the electricity of the electrometer acquires
during the fall of rain a tension superior to that of the clear sky. If
we reter to the observations made by Schiibler, at Stuttgardt, from
1811 to 1812, the intensity of the electricity of the rain and the snow
presents an annual period, the stronger electricity taking place in the
summer, the feebler in the winter. This is what is indicated in the
following table, which gives the mean force of the two electricities for

% Traite de 1'Electri. et du Magn., par Becquerel, tom. IV, p. 100.
T Comptes Rendus, tom. IIT, p. 145, 1836, and Le Journal I’ Institut, No. 228, May 10,

1838.
} Comptes Rendus, tom. III, p. 145. 1836.
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cell with a porous diaphragm, and found, after the evolution of a
certain quantity of gas representing one equivalent of water, on the
side of the positive pole about one-fourth an equivalent of sulphuric
acid more, and on that of the negative pole one-fourth an equivalent
less than Dbefore the experiment. In this case, therefore, besides the
decomposition of water, a separation of water from sulphuric acid had
taken place analogous to the decomposition of the salt, though only
to the amount of one-fourth an equivalent.

This transmission of sulphuric acid to the amount of nearly one-
fourth an equivalent of the decomposed water was independent of the
degree of concentration of the acid. Daniell modified the experiment
in various ways, but always obtained the same result.

A voltameter filled with sulphuric acid, therefore, is not applicable
for measuring the force of current passing through the solution of
sulphate of soda.

Besides the double cell with the solution of the salt, Daniell then
introduced, in addition, fused chloride of lead in the circuit of
the battery. It was placed in a bent tube of (green) glass, free from
lead, above a spirit lamp ; a platinum wire in the fused chloride of
lead served as the negative pole, while the positive was formed of
plumbago. At the latter chlorine gas was evolved ; upon the former
the reduced lead was deposited.

Here the following remarkable result was obtained : For one equiva-
lent of chloride of lead decomposed, in the other cell one equivalent
of water, and in addition to this one equivalent of salt were decom-
posed. According to the usual acceptation, therefore, it would appear
that in the cell with the solution of salt there was a chemical action
twice as great as that produced by the same current in the cell with
the chloride of lead ; this is in direct contradiction to the law of con-
stant electrolytic action.

In order to avoid this contradiction, Daniell considers the consti-
tution of salts from a quite novel poiut of view. He considers, for
instance, the sulphate of soda not as immediately formed by the com-
bination of acid and base, but assumes the electro-negative constituent
of the salt to be one equivalent of sulphur with four equivalents of
oxygen, while the positive is only sodium.

According to this view, therefore,

Sulphate of soda is not SO,. Na.O, but SO,. Na.
Sulphate of potassa is not SO,. KO, but SO,. K.
Nitrate of potassa is not NO,. KO, but NO,. K.
Phosphate of soda is not PO3. Na.O, but PO%. Na.
Sulphate of copper is not SO,. Cu.0, but SO,. Cu.

If the current pass through the solution of such a salt it is not the
water but the salt which is decomposed into the constituents just
named. In the electrolysis of the sulphate of soda, therefore, SO, is
produced at the positive pole as a direct effect of the electrolysis, from
which (by a secondary action) O is immediately set free, leaving SO, ;
while at the other pole the Na. separated takes oxygen from the water,
and in this way liberates for each equivalent of Na. an equivalent of .
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the solution was deprived of copper ; one equivalent of sulphuric acid
had passed into the other cell, but the quantity of copper contained
in it remained unchanged ; no copper, therefore, had been transferred
from the positive to the negative cell.

Sulphate of zinc acted in the same manner.

But these results are not to be attributed to the influence of the dia-
phragm. When a long syphon tube reversed was filled with a solu-
tion of sulphate of copper and at the ends two strips of the same metal
were immersed as electrodes, the color of the fluid became lighter at
the negative and darker at the positive pole.

¢“ By this it appears demonstrated,’’ says Daniell, ¢ that the metals,
which are capable of decomposing water at ordinary temperatures, or
whose oxides are largely soluble in water, are susceptible of transfer-
ence in the Voltaic circuit from the zincode (positive) to the planti-
node (negative pole,) while those which are not marked by this strong
affinity for oxygen remain stationary.”

On impartially considering the circumstance that some bases, by the
electrolysis of the solutions of their salts, do not pass to the negative
pole, the idea occurs that, in this case, the salt is not directly electro-
lized, and does not conduct th2 current, but that its decomposition is
only a secondary phenomenon. When metallic copper is precipitated
from a solution of sulphate of copper at the negative pole, while no
copper is coming from, but one equivalent of sulphuric acid is passing
to the positive pole, it can scarcely be otherwise explained than by
supposing that SO,H is directly electrolized ; H goes to the negative
pole and reduces one equivalent of copper there, SO, to the positive and
evolves one equivalent O, leaving one equivalent SO, behind. This, it
is true, is not in agreement with Daniell’s views as explained in § 171,
which, however, apply to all those cases where the bases of the de-
composed salt also suffers a transfer, as, for instance, in the electrolysis
of KO 4 80,.

§177. Becquerel’s researches on the laws of electro-chemical decomposi-
tion.—The younger Becquerel has also instituted interesting researches
on the laws of electrolysis, (4nn. de Chim. el de Phys. Ser. II1, T, XI,
pp. 162 and 257 ; an abstract in Pogg. Ann. LXV, 461.) Faraday
had stated, as a principle, that of the different combinations which
may take place between two elements only those are decomposed by
the current which consist of an equal number of equivalents of either.

Matteucci had already demonstrated the probability that this prin-
ciple was not generally applicable, (Bibl. Univers. Ser. nouv.,T'. XXI,
p. 153,) and Becquerel has by numerous experiments removed all
remaining doubts upon the subject.

Becquerel first examined several chlorides of metals in the state of
fusion as well as in saturated aqueous solutions. In using the fused
chlorides the accuracy of the result was disturbed by the circumstance
that the chlorine evolved at the positive pole, becoming diffused
through the fluid, in part re-dissolved the metal precipitated at the
negative pole, thereby making the quantity obtained always too small.
For this reason Becquerel mostly employed the metallic chlorides
dissolved in suitable fluids, after having satisfied himself that as much
metal is preciﬁz%itated from the solutions as from the fused chlorides,
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to the chloric or hyperchloric acid, by the long continued electrolysis
of cyanate of potassa; neither did a solution of fluoride of potassium
yield an oxygen compound of fluorine.
- Kolbe also succeeded in obtaining products of oxydation from
sesquichloro-carbohypo-sulphuric acid, HO 4+ C, C7, 8, O,, by means of
the current, (Liebig’s Ann., vol. 54, p. 157 ; Philos. Magaz., XXX,
334,) while this acid, under other circumstances, resists the most
powerful oxydizing agents, so that it may be boiled with chromic or
nitric acid, &c., without undergoing any change.

When a concentrated solution of sesquichloro-carbohypo-sulphate of
potassa is exposed between platinum electrodes to the current from a
battery of 4 Bunsen’s cups, at first no hydrogen is evolved at the
negative pole, while chlorine, carbonic acid, and, afterwards, oxygen,
are evolved at the positive pole.

As soon as the decomposition commences, an acid reaction of the
solution is perceptible, owing to the formation of free muriatic and
sulphuric acids. In a later stage of the process, these acids increasing
in quantity, hydrogen appears at the negative pole, until, finally,
after all the muriatic acid has been decomposed, and the evolution of
chlorine has ceased, small octahedral crystals of per-chlorate of potassa
are deposited from the solution, which now contains free sulphuric
acid and bi-sulphate of potassa.

These results may be explained in the following manner : The
oxygen, liberated at the positive pole in consequence of the decompo-
sition of water, acts upon the acid, and causes its separation into
different compounds. The oxydation of the acid is complete when it
has taken up 12 equivalents of oxygen; the decomposition may then be
represented as follows :

(KO -+ 010,

KO + G, CL S, 0, ) 2 S0,
12012002
2 0l

There are formed, therefore, per-chlorate of potassa, sulphuric and
carbonic acid, and free chlorine; but the formation of per-chloric acid
does not take place in the first instance, for in the beginning of the
process chloric acid is produced. If the fluid is evaporated in the
earlier stage of the decomposition before the crystalization of the per-
chlorate of potassa commences, the well known rhombic plates of
chlorate of potassa are obtained.

While the oxygen evolved at the positive pole produces these
oxydizing effects, no gas escapes at the negative, since the hydrogen
there liberated also enters into several combinations. One part of
this hydrogen replaces one or two equivalents of chlorine, and forms

acids HO + ( C, g gf)Sz 0;, Chloro-formyl-hypo-sulphuric acid, and

HO 4- (02 z }(E}[f)S2 O,, Chloro-elayl-hypo-sulphuric acid—two acids

which are described by Kolbe in vol. 54 of Liebig’s Annals. Another
part of the hydrogen combines with the liberated chlorine and pro-





























































































420 METEOROLOGY. -

Form B contains blanks for one month’s observations on one page,
the columns for which are, “Day of the month; Self-registering
maximum and minimum thermometers; Daily range of temperature ;
Rain, Began at, Ended at, Total duration ; Cubic inches in gauge ;
Depth in inches ; Snow, Began at, Ended at, Total duration ; Depth
in inches; Total depth of rain and melted snow ; Remarks.”’

Full instructions having been given, the observers, after a little
practice, were required, in accordance with the act and regulations,
to transmit monthly abstracts of their observations to the educational
department, two forms for which were supplied as follows:

Form C, which is a condensation of forms A and B, contains columns
for the corrected observations, and the daily as well as monthly means.

Form D includes the ¢ highest, lowest, and monthly range of
barometer; also, the great ranges within twenty-four hours; the dates
and total number of rainy days, snowy days, foggy days, storms of
wind, frosts; columns for four classes of auroras: sky unfavorable,
observations doubtful ; sky unfavorable, observations impossible ; sky
favorable, none seen; the highest, lowest, and monthly range of tem-
perature; the greatest and least daily range; the mean temperature of
the warmest and coldest days; lightning, thunder, hail, or rain;
meteors and optical phenomena; general remarks.”’

These abstracts are required to be certified as true copies of the
originals, and the observations as having been made with due regu-
larity, as required by law.

The annexed table will show how far the observers have succeeded
in accomplishing the objects contemplated by the act:

CHARACTER OF ABSTRACTS RECEIVED.
Meteorological station. | When estab- | No. monthly
lished in 1858. | abstracts re-
ceivedated- | Well pre- |Middlingly |lmperfectly.
itor’s office. pared.
#1, Niagara ..-..ee.. January...... 2 |ececaioonn 2 feccammaas
%2, Hamilton........ cee-dooiLooo 2 S PP
3. Belleville—oo. .. RPN s S, 10 18 2 feccae-
4. Barri€..cceeaea- BN [s TN 8 i 4- N PRI PO
5. Chatham ....__._ cee-doa ol R 4
6. Port Sarnia ...._. RN« s T 7 b S PR (RSP
=7, Milton ceeeoooaoo February. -... F: J DR PN 3
8. Cornwall euao... PR s s DR RPN JEE DRSSPI PSP PRI,
9. Guelpha cnceann. September oo | oma ool e
10. Whithy - ...._.._ PR ¢ 7o JR U I pIPSIDU PR pmmceee|tccrmace e |emmamana
11. Perth.oooonooooo October - ool cmvaiimnns [ I PRI
12. Pictod eeenenn... SO [ SRR [ [ ______________________________
Totale e eeeeeceme e meees ? Y 7 7

# No reports bave been received from Niagara for several months, nor from Hamilton or
Milton for some time ; but the omission at these two stations was owing to a change of
masters.

+The master at Cornwall having tendered his resignation, the instructions were not
given till October. .

{Names of observers from whom well prepared abstracts have been received: At
Belleville, Alexander Burdon ; at Barrie, Rev. W. F. Checkley, A. B.; and at Port Sarnia,
Rev. G. J. R. Balter, B. A. The observations taken at Barrie have been regularly pub-
lished in the local papers. )
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was either a tributary of the St. Francis or lost itself in those swamps.
This river blew up* for a distance of nearly fifty miles, the bed en-
tirely destroyed, the mill swallowed up in the ruins, and an orchard
of ten acres of bearing apple trees, also belonging to Mr. Riddle,
nearly ruined. The earth, in these explosions, would open in fissures
from forty to eighty rods in length and from three to five feet in
width; their depth none knew, as no one had strength of nerve suffi-
cient to fathom them, and the sand and earth would slide in, or water
run in, and soon partially fill them up.

After the earthquake had subsided there was not a perfect row of
trees left in this orchard—one-half destroyed, some leaning in one di-
rection, others directly contrary; some covered to the limbs in these
chasms as they filled up, and others with their roots turned entirely
out of the earth.

Large forest trees which stood in the track of these chasms would
be split from root to branch, the courses of streams changed, the bot-
toms of lakes be pushed up from beneath and form dry land, dry land
blow up, settle down, and form lakes of dark, muddy water.

‘Where the travelled, beaten road ran one day, on the next might
be found some large fissure crossing it, half filled with muddy, torpid
water. It was dangerous to travel after dark, for no one knew the
changes which an hour might effect in the face of the country, and
yet so general was the terror that men, women, and children fled to
the highlands to avoid being engulphed in one common grave. One
family, in their efforts to reach the highlands by a road they all were
well acquainted with, unexpectedly came to the borders of an exten-
sive lake; the land had sunk, and water had flowed over it or gushed
up out of the earth and formed a new lake. "The opposite shore they
felt confident could not be far distant, and they travelled on in tepid
water, from twelve to forty inches in depth, ot a temperature of 100
degress, or over blood heat, at times of a warmth to be uncomfortable,
for the distance of four or five miles, and reached the highlands in
safety.

On the 8th of February, 1812, the day on which the severest shocks
took place, the shocks seemed to go in waves, like the waves of the
sea, throwing down brick chimnies level with the ground and two
brick dwellings in New Madrid, and yet, with all its desolating
effects, but one person was thought to have been lost in these commo-
tions.

A family of the name of Curran were moving from New Madrid to
an old French town on the Arkansas river, called the Port; had
passed the St. Francis swamps and found some of their cattle missing;
Le Roy, the youngest son, took an Indian poney, rode back to hunt
them, and was in the swamp when the first shock took place, was
never seen afterwards, and was supposed to have been lost in some of
those fearful chasms. :

‘The Port was about one hundred miles below what is now called
Little Rock, and claims its settlement as far back as the settlement of

" eI have used this expression because it was g0 given by the narrator, and used by the
Ppeople, as conveying the appearance of these scenes as they passed before them.
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