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I.

—

The Rotations of the Planets.

In 1849, a very simple formula connecting the rotations of
the planets, and harmonizing in a remarkable manner with the

elements of the solar system so far as known, was communica-
ted to the American Association for the Advancement of Science.

This formula represented the rotation -period of Uranus, which
had never been observed, as greater than that of any other

planet. Hence a determination of the true rotary velocity would
have been regarded as a test of the new harmony. The number
of powerful instruments had then been recently increased, and
Uranus was approaching a more favorable position for accurate

i. Little doubt was therefore entertained that the

claims of this planetary law would soon be decided by telescopic

discoveries. Inasmuch, however, as no definite results have yet

been obtained, a brief review of the facts may not be destitute of

If the solar system has resulted, as was supposed by Laplace,

from the gradual contraction of a rotating nebulous

-

what was probably the physical constitution of the abandoned

equatorial rings in the first stages of their separate existence?

The celebrated author of the nebular hypothesis supposed each,

of the rings in which the several planets originated to have re-

volved, during an indefinite period before its dissolution, as one

continuous mass. "These zones," he remarks, "ought, accord-

ing to all probability, to form by their condensation and by the

Am. Joca. Sci.—Second Skbh - •
—Jclt, 1864.
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D. Kirkwood on certain Harmonies of the Solar Syst

mutual attraction of their particles, several concentric rings of

vapor circulating about the sun. The mutual friction of the

molecules of each ring ought to accelerate some and retard others,

until they all had acquired the same angular motion. Conse-

quently, the real velocities of the molecules which are further

from the sun ought to be greatest." * This view has also been
generally adopted by later advocates of the nebular theory. In-

stead, however, of each planet's having existed as a single, con-

tinuous ring, may not each have consisted of many? Such,
according to the investigations of Professors Bond, P
Maxwell, is the present constitution of Saturn's rings.

2 The
conclusion reached by the last named writer is " that the rings

must consist of disconnected- particles : these may be either solid

or liquid, but they must be independent. The entire system of

rings must, therefore, consist, either of a seines of many concentric

rings each moving with its own velocity and having its own
system of waves, or else of a confused multitude of revolving

particles not arranged in rings and continually coming into col-

lision with each other." Now the physical condition of the
primary rings was probably somewhat analogous. After the

process of separation commenced, we may suppose a continued
succession of rings to have been thrown off in close proximity
to each other, each revolving round the central mass in accord-
ance with Kepler's third law.

3 The result, then, of a gradual
condensation would be a central body surrounded by an indefi-

nite number of concentric rings, or, rather, of disconnected plan-
etary molecules, all moving in the same direction. The mutual
attraction of some of these particles, when coming into close

proximity to each other, would cause them to unite, and in this

way we may suppose the planetary nuclei to have been first es-

tablished. In the subjoined diagram, let S be the center of the
solar mass ; ABC and DEF the orbits of two adjacent planetary
nuclei, B and E ; and H the point of equal attraction between
them. Let also p, p' be particles revolving round the center, S,

in approximate accordance with the third law of Kepler. Their
motion is disturbed by the attraction of E, and, in consequence,
they finally coalesce with it. But the orbital velocity of p is

less than that of E, while, on the other hand, that of;/ is greater.

It is obvious, therefore, that they would not approach the nu-
cleus in lines normal to its surface. The point of contact of the

outer particle would be behind the center, that of the inner one
in advance of it. These particles, then, would act as oblique

1 Syst of the World, Ilartes Translation, vol. ii, p. 359.
3 Gould's Astr Jour., vi.1 ::. Na 1, May 'id, 1-5! -. vol. ii. No. 3, June 16th,

-

oft \[„ -.-.,; -.".r.. Rings, p. 67.

. would but imperfectly represent the motions of the
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forces; their tendency being to produce a rotation in a direction

contrary to that of the orbital motion. When the planetary

mass, however, had gained considerable magnitude, the solar

attraction would produce a tidal elevation on the hemisphere to-

SttiL The gravitating force of this protuber;:

.^.during an indefinite p
•; on of the central body; thus causing an eq

tween the angular velocities of rotation and orbital revolution,

such as is now found to obtain in the case of the secondary

planets.

Let us now consider the consequences of further condensation.

Let S be the center of the solar mass

;

AC = D = the diameter of a planet's sphere of attraction

;

and ac = the diameter of the vaporiform planet at the close

of the epoch of equality between the angular veloc-

ities of the rotary and progressive motions.

It is obvious that the orbital velocity of a particle at c must

be greater than that of the center of the mass, while that of a

particle at a must be less. Any further contraction of the sphe-

roid must tend therefore, to accelerate the rotation in in-
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of the orbital motion. It must also be manifest that the rotati

period at the epoch of solidification will depend upon the n
ofactoSE. Now, it may
be impossible to determine
in any particular case what
was the diameter of a gas-

eous planet at the com-
mencement of the accele-

ration of the rotary veloc-
ity. We may assume, how-
ever, with a hicrh degree
of probability, that its ra-

tio to the diameter of the
planet's sphere of attrac-

tion was the same or nearly
the same in each instance

;

• that

D : D'

;

0)
where D, D' are the diam-
eters of the spheres of at-

traction, and a, a', the di-

ameters of the planets im-
mediately before passing
the limit of equality be-
tween the periods of rota-

tion and revolution.

The law of rotation as
originally announced is as
follows :--

j"^et P be i X̂G point of" equal attracti°n between any planet
and the one next interior, the two being in conjuction : P' that
between the same and the one next exterior.

Let also D= the sum of the distances of the points P, F from
the orbit of the planet ; which I shall call the diameter of the
sphere of the planet's attraction

;

D'= the diameter of any other planet's sphere of attraction
found in like manner;

n = the number of sidereal rotations performed by the former
during one sidereal revolution round the sun

;

n'— the number performed by the other ; then it will be found

Let, now, T, T'= the periodic times of two planets

;

t, t'= their periods of rotation

;

Qd d, d— their mean distances from the sun
;
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then (2) becomes

(t)
*

:

(7)
3;

: D3

:

D ' 3
;

or
'

by KePler
'

s third law
'

"<"{») '&) <»>

or, assuming the truth of proportion (1),

It is seen on the slightest examination that in the solar nebula,

as well as in each of the gaseous planets, the ratio of the revolv-

ing or equatorial radius to the ra d through-

out the entire process of condensation : in other words, that the

rate of variation of density from surface to center was constantly

changing. Were the solar mass expanded so as to fill the

earth's orbit, the rate of variation of density remaining the

period of rotation would not be 365 days, but 5457.

The diameter corresponding to one revolution in a sidereal year

would be only 12,720,000 miles. If we compute the values of

the principal radius of gyration when the spheroid extended to

the present planetary oi bits 1 - eetivt v, we find that the solar

ma-s had n.:ich«'<i a aijli tl-^n j -' -t • •.:.'. condensation before the

epoch of Neptune's separation. We find, moreover, that the

condensation advanced much more rapidly about the center than

near the surface of the contracting mass. Probably it became

so great as to produce chemical action, thus forming a nucleus

in a state of igneous fluidity by the precipitation of the denser

portion of tl : re the exterior parts had passed

from their original gaseous condition.

It is not necessary to suppose, as has been generally done,

that if the nebular hypothesis be true the outer planets of the

system must have an immensely greater antiquity than the in-

tenor. The formative processes in the different cas< s 1 lay have

been contemporaneous.
4 In this view of the case, it seems prob-

able that the remoter planets are less advanced in their physical

history than some nearer the sun. The formation of a single

planet from matter diffused around the circumference of a larger

circle, would undoubtedly require more time than the aggrega-

tion of a ring of smaller dimensions. Possibly there may be

v City, >'. Y.

lion of different members of the solar system. We a

. T. is preparing a treatise on this subject for the pre
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rings exterior to Neptune still in the nebular state, or at least

not yet collected about a single nucleus.

It has been shown that, according to the nebular theory, a

planet's time of rotation ought to be some function of the ratio

of the radius of its orbit to the diameter of its sphere of attrac-

tion. Those ratios are very nearly equal in the case of Jupiter

and Saturn ; the periods of rotation are also nearly identical

:

the ratio, however, is somewhat greater in the case of Saturn

;

so also is the time of rotation. The ratios again are not very
different in the cases of Mercury, Venus, the Earth and Mars

;

and again in each instance a greater ratio corresponds to a slower
rotation. The form of the function as expressed by the equation,

tW
was found by a tentative process.

This analogy indicates, as we have stated, a longer period of

rotation for Uranus than had been conjectured by some astrono-

mers. It assigns, however, a physical cause for this slow revo-
lution

; while the short period of nine hours and a half, assumed
by some writers, has no such basis. The best observers have
failed to detect any such polar compression of the planet as

would indicate a rapid r \ > iti< i
" Pn fessoi M Her," says

Mr. Hind, "thinks he has detected a very considerable ellip-

ticity in the form of the planet, and makes the ratio of the
equatorial to the polar diameter as ten to nine, the axis being
inclined at an angle of 15° 26' to the circle of declination (1843,
September 28). Other astronomers, with more powerful tele-

scopes, have not succeeded in gaining any certain evidence of
an appreciable difference in the diameters. Mr. O. Struve has
informed me orally that the grand refractor at Pulkova affords

no indications of ellipticity."
s The Rev. Robert Main, of the

Eoyal Observatory, Greenwich, states that at his request "Pro-
fessor Challia ired the planet, some years ago,
with a double image micrometer attached to the telescope of the
great Northumberland equatorial, for the purpose chiefly of dis-

covering whether it had any sensible ellipticity, which the author
suspected from some measures of his own made with a far infe-

rior telescope. The result was that the ellipticity is too small to

be measurable." * These measures were made at nearly the same
time with those of Madler. The disk of Neptune, also, even
when viewed through the most powerful telescopes, appears per-

fectly circular. Now the degree of ellipticity correspoding to a
short period of rotation, nearly equal to that of Jupiter or
Saturn, would undoubtedly be so great, especially in the case of
Uranus, as to be easily recognized. The preponderance of evi-

> Hind's Solar System, p. 121. « Main's Rudimentary Astronomy, p. 130.
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dence, therefore, apart from the reason assigned by my analogy,

is unquestionably in favor of a long period of rotation.

It is easily shown that the equality between the angular ve-

locities of rotation and orbital revolution, which obtains in the

secondary systems, is not incompatible with the law of rotation.

When the volumes of the primary planets had the same ratio to

their spheres of attraction as those of the satellites now have to

theirs, the former were still in a state of vapor, their masses ex-

tending beyond the present orbits of the secondaries, and not

ity, the limits of equality between

the two angular velocities in their respective cases. Had the

satellites, at the corresponding ep > »n equally

rare, so that any increase in rotary velocity would not have been

prevented or arrested by solidification, the same law would

doubtless have obtained in the secondary systems.

I have believed, however, almost from the time of its first

announcement, that the statement of my analogy requires some

modification. If it be the expression of a physical law, it must

depend on the relation between the primitive momentum of ro-

tation and that of orbital revolution. Now the time of rotation

of any planet having satellites is evidently greater than it would

have been had the entire mass condensed in a single body. In

order, therefore, to find the proper constant of rotation for the

earth, we must determine the time in which its axial revolution

would be performed were the matter of the moon diffused over

its surface ; the momentum of the satellite's orbital motion being

converted into momentum of rotation.

The earth's momentum of rotation cannot be known with

accuracy, because the rate of variation of density from surface

to center has not been determined. It is probable, however,

that the mean density is nearly attained not far from th

oo very important error would result from considering

the radius of gyration to be that of a homogeneous sphere.

Adopting this hypothesis, we obtain, by an easy calc

mechanics, about 22h. 48m. as the rotation period of the united

mass. The corresponding number of days in a year would be

3844. „. . , ,

The sum of the masses of Jupiter's satellites is only about

T^irth, the mass of Jupiter being 1. The sum of the masses of

the Saturnian satellites is still less as compared with their pri-

mary. In a calculation of this nature, therefore, the accelera-

tion of the rotary velocities of these planets from the precipitation

of their secondaries may be wholly neglected. The mass of

Saturn's rin<r, however, according to Bessel, is y^tb, that of the

primary being 1. A calculation similar to that which we have

made for the earth and moon shows that the precipitation ofeven

this mass upon the planet would shorten the period of rotation
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only about 17 minutes. But with Bond's estimate of the thick-

ness of the ring, this value of the mass would indicate a density

more than three times that of Saturn—a greater density than

has been found for any planet, primary or secondary, exterior

to Mars. This result seems too improbable to be admitted with-

out confirmation. We have thought it best, therefore, in this

state of the case, to adopt, without alteration, the received value

of Saturn's period of axial revolution, viz: lOh. 29m. 17s.

If we use the masses of Jupiter, Saturn and Uranus, adopted in

the American Nautical Almanac, we find the diameter of Saturn's

sphere of attraction = 8-5478. Hence the constant of rotation

C=—, = 985-161; log = 2-993507.

The diameters of the spheres of attraction for the other planets

are then found from the formula

logD'=$ (logn'-logC).

The results, tabulated, are as follows :—
Diameter of the sphere of attraction of Mercury, 0-1992

Venus,' 0-3801

Earth, 0-5310

Mars, 7731
Jupiter, 4-8342

" " " " Saturn, 8-5478

Let us now find the corresponding masses of Mercury and
Mars, together with the mass and distance of the asteroid planet.

"We will employ the mass of the earth given in the American
Ephemeris. Leverrier's value of the mass of Venus there adopted
is probably somewhat too large, as seems to have been more re-

cently admitted by Leverrier himself. We will, therefore, take
Encke's value, 4 ff tVst- The calculation is obvious and need not
be repeated. We find

The mass of Mercury =2?9iioo-
" " Mars= TTr}TTT.

" " Asteroid Planet = miwvw
Distance of the Asteroid Planet = 3-1116.

^Remarks.

1. This value of Mercury's mass is considerably greater than
that found by Encke, but is very nearly identical with Leverrier's
second value.

2. Our mass of Mars is somewhat less than Burckhardt's. Mr.
Airy's researches on the theory of the sun have led him to the
conclusion that a considerable dim
demanded. 7

T Grant's Hist of Phys. Artr., p. 129.



D. Kirkwood on certain Harmonies of the Solar System. 9

3. The resulting mass of the asteroid planet is less than one-

third that of the earth ; about the limit assigned by Leverrier

for the mass of the zone of asteroids.

Researches of Professor Hinrichs.—'The learned and interesting

paper on the density, rotation, and relative age of the planets,

in the American Journal of Science and Arts, for January, 1864,

by Professor Hinrichs, would seem to enhance the difficulty of

developing any order either in the present arrangement of the

members of the solar system, or their revolutions on their axes.

The conclusions of Professor H., however, depend upon the ex-

istence of a resisting medium, the only indication of which is

found in the shortening of the period of Encke's comet. Encke
himself regards this resistance as insensible exterior to the orbit

of Venus. Now if the zodiacal light consists of solar rings, the

sensible resistance of the comet is limited to the time of its pass-

age through them. May we not thus find a sufficient cause for

the diminution of the period?—and ought not all speculations

in regard to the effect of the medium on the motions of the re-

moter members of the planetary system, to be received with

caution, until we have some further evidence of its existence?

With respect to the want of harmony in the present arrange-

ment of the planetary orbits, Prof. Hinrichs remarks as follows:

"The present configuration of the planetary system is without

that harmony and order everywhere else observed where matter

is aggregating (e. g. in crystals, etc.) ; we must therefore suppose

that the original harmonious configuration has been altered by
the action of some general cause, displacing the celestial strata

(orbs) according to the individual mass, size, and position of

each body; the same we know to have occurred in the case of

the earth's figure, being at first ellipsoidal, but now to some ex-

tent irregular—or the terrestrial strata of rocks, which were at

first continuous, but are now greatly dislocated. This cause has

been, and is, the resistance of the ether filling the heavenly space

in which the celestial globes are moving; for the mathematical

investigation of the effects of such a resistance agrees perfectly

with the phenomena observed."
*

Without entering upon any special discussion of this inter-

esting subject, we respectfully submit the following considera-

1. The hypothesis adopted by Encke in regard to the medium
which causes the acceleration of the mean motion of his comet,

is that the density varies inversely as the square of the distance

from the sun, and that the resistance is proportional to the den-

sity of the medium and the square of the velocity of the moving
body.

s Am. Jour, of Sri. and Arts. Jan., 1864, p. 55.

Am. Jouk. Sci.-Secoxd Series. Vol. XXXVIII, No. 112.-Jcit, 1864.
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2. Granting the existence of an ethereal medium, it would

seem unphilosophical to ascribe to it one of the properties of a

material fluid—the power of resisting the motion of all bodies

moving through it—and to deny it such properties in other re-

spects. Its condensation, therefore, about the sun and other

large bodies must be a necessary consequence.

3. This condensation existed in the primitive solar spheroid,

before the formation of the planets : the rotation of the spheroid

would be communicated to the ether co-existing with it : hence,

during the entire history of the planetary system, the ether has re-

volved around the sun in the same direction with the planets.

4. This condensed ether must participate in the progressive

motion of the solar system.

5. Even if we reject the doctrine of the development of the

planetary system from a rotating nebula, we must still regard

the density of the ether as increasing to the center of the system.

The sun's rotation, therefore, would communicate motion to the

first and denser portions ; this motion would be transmitted OH*
ward through successive strata, with a constantly diminishing

angular velocity. The motion of the planets themselves through

the medium in nearly circular orbits would concur in imparting

to it a revolution in the same direction.

6. Whether, therefore, we receive or reject the nebular hy-

pothesis, the resistance of the ethereal medium to bodies moving
in orbits of small eccentricity and in the direction of the sun's

rotation, becomes an infinitesimal quantity.

7. The doctrine of a resisting medium is not generally ac-

cepted by astronomers as an established fact. " It is manifest,"

says an eminent writer, "that more extensive indications of such

a medium must be discovered before the problem of its existence

can be considered as having received a definitive solution. It

has not yet affected to a sensible extent any of the other celes-

tial bodies, and. until such is found to take place, the question

relative to it must remain in abeyance."
9

II.—The Planetary Distances.

As long ago as the commencement of the seventeenth century,

the celebrated Kepler observed that the respective distances of

the planets from the sun formed nearly a regular progression.

The series, however, by which those distances were expressed,

required the interpolation of a term between Mars and Jupiter—
a fact which led the illustrious German to predict the detection

of a planet in that interval. This conjecture attracted but little

attention till after the discovery of Uranus, whose distance was
found to harmonize in a remarkable manner with Kepler's
order of progression. Such a coincidence was of course regarded

8 Grunt's Hist of Phya. Astr., p. 135.
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with considerable interest. Toward the close of the last century,

Professor Bode, who had given the subject much attention, pub-
lished the law of distances which bears his name, but which, as

he acknowledged, is due to Professor Titius. According to this

formula, the distances of the planets from Mercury's orbit form

a geometrical series of which the ratio is two. In other words,

if we reckon the distances of Venus, the earth, &c., from the

orbit of Mercury, instead of from the sun, we find that—interpo-

lating a term between Mars and Jupiter—the distance of any

member of the system is very nearly half that of the next exte-

rior. The series is usually expressed as follows :

—

4 =4

4 + 3

c

X
&c

The numbers 4, 7, 10, &c, represent approximately the rela-

tive distances of Mercury, Venus, the earth, &c, from the sun.

The ninth term, however, which corresponds to Neptune, is 388,

instead of 300. It was, moreover, remarked by Gauss that "the

member which precedes 4 + 3 should not be 4 ; i. e. 4 + 0, but

4 + 1£ Therefore, between 4 and 4 + 3, there should be an

imber; or, as Wurm expresses it, for n = 1, there is

from 4 + 2 tt
" 3 X3, not 4, but 5|."

Professor Challis has applied a modification of Bodes empir-

ical formula to the secondary systems of Jupiter, S

Uranus; 1 " his coincidences, however, are far U\m\\ < x: ct.
r

i i e

formula itself, as well as the modifi :ati< ns b \\ inn and Challis,

may be expressed—commencing with the greatest distance and

proceeding' toward the center—by the series,

a+ br", a + b>-\a+ br»-2,<kc.

In the scheme of Bode and Titius, o = 4, 6 = 8,jind r = 2;

in that of Wu
represent, even

and Neptune.

I have never doubted that the planetary distances were ar-

ranged in some discoverable order. These failures, however, in

the°series of Titius have seemed a sufficient cause for its rejec-

tion, or, at least, some considerable modification. I have, for

many years, been devoting such thought and attention to the

rices would permit, and I now propose to

submit my results to the public.

In the American Journal of Science and Arts, for September,

1852, the fact was noticed that, " if we commence with Neptune,

the most remote planet known, we shall find that the primary

10 Canibrictee Philosophical Trans., vol. viii, p. 171.
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planets are arranged in pairs, the members of which are nearly

equal in diameter." Neptune and Uranus constitute the first

pair; Saturn and Jupiter, the second; the asteroids and Mars,

the third ; the earth and Venus, the fourth ;
finally, Mercury is

without a known companion. It was also remarked that in each

of the three complete pairs, the first, second and fourth, the

densities of the members are to each other very near;

and that the facts seemed to indicate "a similarity in

ach pair, and anthe original constitution of the members of each

intimate mutual dependence or connection in their primitive

condition." It appeared not improbable that in the first stages

of their history, Neptune and Uranus constituted a system of

closely associated rings; Saturn and Jupiter, another, &c, and

that the law of planetary distances might be found in the relative

situations of the centers of gyration of those binary rings. In short,

my researches on the subject led to the hypothesis that the differ-

ences of the radii of gyration of the primitive ringsform a geomtt-

that

ition of this HypotJiesis.

The values of r(3) , &, and D(s) are thus computed: Having

ru)= 0-87270

<*<,,= 17-51756

t have the equations

__ /D,f, -4- (1-5236923)2U
r(3,

-l 2 /

•;

: 3-341 89
: 244123
=309800

This value of the distance of the asteroid planet is almost t

identical with thatfound by my analogy.
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of the primitiv e rings, together w

= 1751T56 log= 1-2434736

= 5-24182 log =0-7194821
= 1-56852 log= 0-1 954906

=- 0-469350 Iog= 1-6714991

= 0-140455 log = 11475076

= 0-042026 log = 2 6235161

= 0-012575 log = 20995246

= 0-003763 log = 35755331

B 0001126 log = 30515416

r(7) = 0-22086

r,„ = 0-20828

rCol = 0-20451

Remarks.

1. The radius of gyration (r
(J ,= 040335) of the fifth primi-

tive ring corresponds very closely with the mean distance of

Mercury. This planet,

ought to be an exceptio^

fact, appears to be the case. Or, if the plane

as a binary ring, the mean distances of the members having the

same ratio to each other as those of Venus and the earth, both

must have been included between the present limits of Mercuiy'a

orbit. The union of the two rings and the formation of a single

planet may thus have resulted from the eccentricity of the prirr

', iailv exi=t« d

nuli.

2. The s t of the i

rfci>+ rf(
3 )+ rf(

3 ) + &e.,=
-^7Y

=
2 :34189

=24-99762;

and 25-20061-24-99762 = 020299 = the distance from the sun's

center to the limit at which the separation of solar rings must

have ceased. This is immediately exterior to the present limit

of equilibrium between the cent- - •! forces.

3. The fifth radius of gyration, according to this I

exceeds the present mean distance of Mercury by the quantity

0-01626, or about 1£ millions of miles. The corresponding dif-

ference in the period is about 5 days, or twice the amount by
which the period of Encke's comet has been shortened in the

last half century. Have the period and mean distance of Mer-

cury been diminished, during the immensity of past time, from

the same cause? Or may this slight and only exception to the

strict accuracy of the law be referable to zones or groups of

asteroids in the vicinity of Mercury's orbit, the existence of

which has been indicated by the researches of Leverrier ?
ll

11 Runkle'a Math. Monthly, voLii, p. 240.
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4. The radius of gyration of the sixth primitive ring is

0-26289. This distance is nearly equal to that of Mercury's
perihelion. Between this and the limit, 0'20299, the formula
indicates the abandonment at the solar equator of an indefinite

number of rings in close proximity to each other. The appear-

ance of such zones or rings of nebular matter would be similar

to that of the : h < r ; -r '.. This phenomenon was ascribed by
Gttsmi to the blended light of an innumerable multitude of ex-

'

tremely minute asteroids revolving round the center of our sys-

tem. Kecent observations, it is true, have suggested the hypoth-

esis that the appearance is produced by a terrestrial ring; but in

Prof. Barnard has adduced a number of

ghty, if not insuperable objections. The greatest elongation

of these rings of nebular or meteoric matter, when abandoned
at the solar equator, would certainly be much less than that of

the vertex of the zodiacal light ; but is it not possible that, as

in the case of several comets, the orbits of some may have been

greatly changed by planetary perturbations?

Application to the Secondary Systems.

The distances of the satellites of Saturn, in radii of the pri-

ary, are as follows:

—

I.

II. •

Enceladus,

Tethys,

4-0319

4-9926

6399

HI.
Rhea,' 8-332

iv. kiur\
( liyperion,

20-706

25-029

This table

Iapetus,

is taken from Loomis s Practical Astronomy. The
distances, we are informed by the author, " were derived chiefly

from Madler, modified in some instances by comparison with
Herschel's Astronomy and Hind's Solar System." A chasm in

the order of distances is observed between^Ehea and Titan, and
another between Hyperion and Iapetus—that is, immediately
interior to the largest two members of the system. Now, as in

the primary system the zone of asteroids occurs just within the

powerful mass of Jupiter, supplying the missing term noticed by
Kepler and Bode, is it not probal mdary zones
exist in those intervals? By interpolating these two
or asteroid zones, we obtain a series of ten terms, in which the
eight known distances are repre- accuracy. It

is also remarkable that the limit of the ring-forming process,
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according to this series, is precisely where Bond's ring is situa-

ted, between the body of the planet and the inner bright ring.

The interpolated distances are 1243 and 35-32 respectively.

The radii of gyration of the pairs, together with their differ-

ences, are as follows:

—

I. Mimas a: 3-61 2-J3

II. Tetlivs and Dione, 5-74 5-08

IN. Rhea ami 10-82 12-13

IV. Titan and Hyperion, 2295 2896
V. and Iapetus, 51-91

These differences form a geometrical series whose ratio is

2-385. The sum of the series = 5059, which substracted from

51-91 gives 1-32 as the limit. The series indicates the abandon-

ment of an indefinite number of satellites or rings in close prox-

imity to each other, between Mimas and this limit. Now Pro-

fessor Vaughan has shown that neither a gaseous nor a liquid

satellite, of considerable magnitude, would be stable so near the

primary." Hence the probable origin of Saturn's rings.

If we suppose the third and fourth satellites of Jupiter to

have originally constituted one ring, or system of .

rings, the first and second, another, and that the ratio of the

differences of the radii of gyration was the same as in the pri-

mary system, we shall find

r() ,
= 21-960 equatorial radii of the planet,

rf
(

2

,, =13-924

and 21-960 - 19-869 = 2-091 = the distance from the center of

the primary, within which no rings could have been formed.

This again is nearly equal to the distance (2-299) of the point

of equilibrium between the centripetal and centrifugal forces.

But we discover no decided indications of the binary arrange-

ment in the Jovian system. Is a similar relationship then to be

found between the respective distances of the satellites them-

selves? " The four satellites of Jupiter," says Humboldt, " pre-

sent a certain regularity in their distances, forming nearly the

series, 3, 6, 12. The distance of the second from the first, ex-

pressed in diameters of Jupiter, is 3'6 ; the distance of the third

from the second, 5-7; and that of the fourth from the third,

n Proc. Am. Assoc, for the Adv. of Set, 1856, p. 111.
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11-6." This would indicate a value of k for the Jovian system

equal to 2 ; r
t m)

«= 3 ; and the possible separation of secondary

asteroids between the limit 3 and the distance 4*5.

Our knowledge of the Uranian system is perhaps too imper-

fect to justify any conclusion in regard to the prevalence of a

similar order.

In researches of this nature, the want of exact numerical ver-

ification ought not to be regarded as decisive evidence against

the truth of an hypothesis. A partial deviation may be pro-

duced bv the interference of some other law or arrangement.

Of this we have innumerable instances in nature. Even the

celebrated laws of Kepler, as commonly stated, are not strictly

true ; the mutual attractions of the planets producing endless

perturbations."

III.—The Mean Distances of the Periodic Comets, and their

Relation to the Solar System.

The celebrated Laplace remarked that, according to the nebu-

lar hypothesis, "the comets do not belong to the solar system.

He regarded them as small nebul* which, wandering through

space till they come within the sphere of the solar influence,

enter our system from without, pass around the sun, and, unless

influenced by the attraction of the planets, or the resistance of

I 'medium, again pass off in parabolas or hyperbolas.

Other astronomers believe them to have originated within the

solar system. Perhaps each view may be partially correct. Sev-

eral comets, among which we may instance that of June, 1861,

have moved in hyperbolic orbits. These, together with many
whose orbits seem to be parabolas, have probably entered the

system ab extra. On the other hand, a large majority of periodic

comets are believed to have originated in the system, and to be-

long properly to it. The author several years since called atten-

tion to the fact that there is an approximate coincidence between

the planetary and coirtetary periods.
14 There are 13 known

; • -.,..-...* •
.

• ""• '

e slight maccura
.rmity of tbe tneory with facts haa determined i
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comets whose periods are included between those of Mars and
Jupiter. Their motions are all direct ; their orbits are less eccen-

tric than those of other comets; and the mean of their inclina-

tions is about the same as that of the asteroids. The perihelia

of 5 are exterior to the earth's orbit, and the nearest approach
of Faye's to the sun is several million miles beyond the orbit of
Mars. In fact, there is ]ess difference between the eccentricity

of the orbit of Faye's comet and that of some of the asteroids,

than between the latter and that of some of the old planets; so

that this body may be regarded as a connecting link between
planets and comets. These facts appear to indicate some con-

nection in their origin with the zone of asteroids.

Since the commencement of the present century, five comets
have been discovered, which form, with Bailey's, an interesting

and remarkable group. The first of these was detected by Pons,

on the 20th of Julv, 1812 ; the second by Olbers, on the 6th of
March, 1S15; the third by DeVico, on the 28th of February,

1846; the fourth bv Brorsen, on the 20th of July, 1847; and
the last by Westphal, on the 27th of June, 1852. The periods

of these bodies are all nearly equal, ranging from 68 to 76 years

;

t greatly different; and the motions of

v, are direct. The existence of theseall, except that of Halley,

two cometary groups was noticed several years since both by
Hind and Alexander. The latter supposes the cluster whose
times of revolution are nearly equal to the period of Uranus, to

have had a common origin. He infers from various facts that

in the early part of the fourteenth century a large comet ap-

proached very near to Mars, if indeed there was not an actual

collision between the two bodies. This ancient comet he sup-

poses was thus separated into fragments. That most, if not all,

of this cometary group have had a common origin, we regard

as highly probable : we doubt, however, whether the true expla-

nation of that origin has yet been proposed.

Again : the comet discovered by Peters on the 26th of June,

1846, has a period, according to the discoverer, of about 13

years; and Tuttle's comet (1858, I.) completes its revolution in

13 6 years. The perihelion of each is exterior to the earth's

orbit, and their motions are direct. The periods of these bodies

le greater than that of Jupiter. It may also be remarked

that the comet which passed its perihelion on the 28th of No-
vember, 1793. has, according to Burckhardt, a period of 12 years.

The period of the great comet of 1843 is probably nearly the

same with that of Neptune. Other coincidences miglit be
pointed out, but the periods in most cases are too doubtful to be

relied upon. Those which we have adduced seem to point to

si mate coincidence between the mean distances of the

planets and those of the periodic comets.
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and in such case would not the detached portions of matter

volve round the sun in very eccentric orbits, the degree of ec-

centricity depending on the direction of their motion at the

epochs of separation from the secondary system? If so, the

approximate coincidence between the periods of planets and

comets would follow as a consequence."

Indiana Uniyemty, Blootnington, Indiana, March 29, 1864.

[Concluded from vol. xxxvii, p. 336.]

The 2d Section, entitled The Polarization of Oxygen in the Act

of Combustion, opens with an examination of the products of the

slow oxydation of phosphorus. The white fumes which are al-

ways formed in this process have been the subject of much
speculation. Schonbein observed that the fumes appear only in

moist air. He once (1848) held them to consist merely of phos-

phorous acid, formed by the contact of vapor of phosphorus with

oxygen. Afterward, he noticed that they do not readily dis-

appear upon agitating with water, and since dry P0
3

absorbs

i great avidity, he assumed in the fumes the existence

of an insoluble P0 3 , isomeric with the ordinary acid. William-
son thought the cloud to consist of P0

4 , the last result of the

action of ozone on vapor of phosphorus. Osann, at first, denied
the existence of any of the oxyds of phosphorus in the fumes
on account of the permanence of the latter, as they may be
passed through water, potassa lye, oil of xv
solutions of nitrate of silver, arsenious acid, protosulphate of

iron, and iodid of potassium, without perceptible change. Find-

ing, however, evidence of the presence of P0 3 in the water

over which the cloud had been allowed to stand until it disap-

IS The perturbation of such portion of nebulous matt -

:
'

.
!..- ' ..-. :'

.
"!:,• ;...'.. .

;

.

i May, 1863, by David Trowbru..,--, F.-q , i IVirv < itv,

N. Y. At thai d paper on the

-

:" the planets. I think we sh
have the longer peiiuds of re



Researches on Oxygen, Ozone, and Antozone. 19

peared, Osann adopted Schonbein's idea of the existence of two
modifications of phosphorous acid.

Quite recently, as our readers are aware, Schonbein has given
up his former opinions and now n ad consists

lially of nitrite of ammonia. The objection with which he
now argu. - :' its being constituted of phos-

phorous acid, viz: its insolubility in water, he does not appear
to notice is equally fatal to this new idea.

.
Meissner, on subjecting a stream ot' air that had passed over

moist phosphorus to the tests already detailed, obtained with it

all the phenomena which characterize antozone. Thus, when
the air is washed with solution of iodid of potassium, whereby
it is deozonized and thereupon is made to pass through water,

it emerges from the latter as a thick cloud. The cloud ranisboi

of itself after the lapse of about half an hour and cannot then
be reproduced, though it is scarcely diminished by agitation for

a short time with water; when subjected to drying agents, it

disappears, but is formed again on renewed contact with water,

if too much time is not allowed to transpire.

In the air which is acted on by phosphorus there thus appear

both ozone and antozone, as in the case of electrized air; but
the relative proportions of the two allotropic oxygens, in the air

which has been conducted over moist phosphorus, are very differ-

ent from what exist in electrized air. In the case of air exposed

to moist phosphorus, the quantity of ozone is much less than in

electrized air. This is due to the fact that the phosphorus itself

consumes a large share of the ozone. Meissner obtained in his

experiments much more antozone by phosphorus than by elec-

tricity, as measured by the density and ready appearance of the

cloud.

Th'ile passage of the electrized air through strong solution of

MJ
_ _ jil-ofvitriol. It is only needful,

however, to prolong or increase contact between these drying

agents and the cloud in order to cause its disappearance.

When the phosphorus cloud traverses a strongly heated glass

tube, it disappears. The same is true when it is brought into

intimate contact with PbO a
or Mn0 2 .

By diminishing to a certain point the quantity of oxygen in

a gaseous mixture, we may have the result, that when it streams

over moist phosphorus, all the ozone produced is again con-

sumed, and only antozone (of the two active forms of oxygen)

The complete identity of the cloud that forms when phospho-

rus slowly oxydizes in moist air, with that produced when elec-

trized air emerges from water, is thus established.
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Long ago, Schonbein observed that H0 3
appears when air is

acted upon by moist phosphorus. This substance Meissner

finds to be more largely and easily obtainable from air exposed

to phosphorus than from electrized air. This he concludes to

depend upon the corresponding difference in the relative develop-

ment of antozone in the two instances. On the other hand,

when the air from phosphorus passes through solution of KI, it

yields to subsequent wash-waters but minute traces of iodic acid,

while from electrized air this substance may be collected in con-

siderable quantity. This fact is agai n to be ascribed to the small

amount of ozone in the former as compared with the latter easa

In water which had been traversed by the air from moist

phosphorus, previously deozonized by means of KI, no nitrous

acid and no ammonia could be detected. Of the latter, at least

only those minute traces everywhere recognizable with potassio-

iodid of mercury, were observed.

The water, thus containing H0 2 but free from NO
3
and NH 3 ,

contained P0 5
. When the antozone cloud produced by phos-

phorus is received in a perfectly dry and clean vessel, and there

allowed to resolve into ordinary oxygen and water, the latter,

which deposits as a dew on the walls of the vessel, has an acid

reaction, which is not attributable to the minute trace of 10
5

it

contains, but proceeds from P0
5 , whose presence is readily made

out by the usual tests.

Even when the antozone cloud is made to bubble through

potash-lye, it still retains a trace of P0
5

. It is, in fact, the

property of the antozone cloud to transport suspended matters,

which accounts for the finding of P0
3
and PO

f
by other ob-

servers. It is of course only needful to procure sufficient con-

tact between the antozone cloud and water, or an alkali, to arrest

these substances entirely.

When the air clouded by contact with moist phosphorus is

made to pass direct through water for a long time, the latter

acquires an acid reaction from PO
s

. After the P0
5

is removed,

or neutralized, H0 3
may be detected by aid of KI, starch and

FeOS0 3
. Nitric aci \ Meissner found but very rarely and then

in but very minute traces.
1

It appears that while in electrized

air nitrogen is oxydized by the ozone to a considerable extent,

in air streaming over phosphorus the phosphorus appropriates

the ozone in great measure.

The results of the mutual action of phosphorus, air, and water

are somewhat different, when, as in Schonbein's experiments, the

air is allowed to stagnate over the phosphorus. In the phos-

as we may designate the solution which forms about

the phosphorus in the ordinary ozone bottle, there are found

' So also Pugh failed to find N0
5

in similar experiments. " On the Sources of

Nitrogen to Vegetation." Phil. Tr., 1861, Pt. II, p. 496.
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P0
S
andP0

3 , as has long been known; H0
3 , as Schonbein

discovered,
3
and likewise N0

5
. As regards the last named sub-

stance, Meissner states that its quantity is but small, more of it

being produced in one hour by his electrizing apparatus, than in
24 hours by phosphorus.
Schonbein has lately asserted the presence of nitrous acid and

ammonia in the so-called phosphatic acid. The reactions on
which Schonbein based the discovery of N0

3
are all, indeed, as

he described them ; but they all admit of a different explana-
tion. The decomposition of KI by the phosphatic acid may be
attributed to HO, ; and a more direct reaction must be employed
in order to demonstrate the existence of N0

3
. Fo:

-1 '

Meissner freed the liquid of PO, and P0 3 by
alkaline wit! titably concentrating, examined it

for N0
3 by means of FeO S0 3

and" dilute S0 3
. In a few in-

stances he found minute traces of N0 3
by this method; but in

no case was N0
3
present in the quantity that would be indicated

by the KI and starch test. As regards NH
3 , Meissner declares

tv to discover in the phosphatic acid more than the
traces, whic 1 others have taught
us, are universally distributed on the surfaces of porous bodies
and throughout the atmosphere.

Schonbein appears to place most reliance upon his experiments
wherein a clean moistened sponge was used to absorb the vapors
or cloud that is formed over phosphorus. He was perfectly
right in asserting that the water obtained by squeezing the
sponge after prolonged exposure, is neutral to test papers, but,

nevertheless, strikes a deep blue color with acidulated solution
of KI mixed with starch. Meissner assures us that this reaction
is entirely attributable to a product of the action of ozone upon
an ingredient of the organic matter of the sponge, viz: iodine;

and that, on concentrating the water pressed from the sponge and
adding to it sulphurous acid, a copious separation of iodine

occurs. This reaction demonstrates that iodic acid, which de-

composes KI with ease, gave the reactions from which Schonbein
deduced the formation of N0 3

in the slow combustion of phos-

i of the so-called phosj hrttic a -id. M< issncr

found evidences of the presence in it of another substance, pos-

sessed of reducing properties, opposed to the oxydizing quality

of antozone. As previously observed, solution of pure KI, free

from 10
5 , when acidified, after some time suffers decomposition

with separation of I, and the rapidity as well as the extent of

* And in very large quantity, compared with what is produced when the air is

made to traverse water placed in another vessel. In the latter case, antozone which
with water forms H0 2 , is too far advanced in its reversion to the inact

produce its highest effect
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the decomposition are the greater the larger the quantity and
the stronger the quality of the acid added. If, now, two equal

portions of the same solution of KI, each acidified with a drop

of the same dilute S0 3 , are mixed, one with pure water and the

other with the same volume of what remains of the phosphatic

acid solution after it has been precipitated by CaO, it is seen that

the separation of iodine is greatly hindered or entirely prevented

in the latter case.

Further study of this liquid conducted to the result that it

owes this reducing quality to ozone. In fact, when air ozonized

by phosphorus or by electricity is allowed to stand at rest in a

flask until all antozone has vanished, and then the flask washed
repeatedly to remove all phosphatic acid or deposited matters,

the ozone that remains communicates this property to pure water.
", gradually loses its re-

i the i

bath. Its propert

we may term antoi

together in the same liquid, and, under certain circumstances,

the former prevents the oxydations which the latter, if alone,

would accomplish. This reducing power of ozone water is only
relative, and not an absolute and invariably exhibited quality.

as found indeed no means of directly effecting oxyda-
tions by means of ozone water ; but he has learned that in some
cases it does not limit or counteract oxydizing influences. Solu-

tion of KI, as is known, is decomposed by Pb0 2 with liberation

of I. The oxygen of Pb0 3
acts accordingly like ozone. This

oxydation, so far from being hindered, appears to be promoted
by ozone water. Meissner's observations on this so-called ozone
water are, however, confessedly incomplete.

3

fle recalls, however, a fact noticed twenty years ago by
Schonbein, who found that water which had been"agitated for a

long time with a large volume of air ozonized by electricity, was
electro-negative compared with pure water. Schonbein remarks
that ozone is taken up by water to only a very slight extent, and
its voltaic activity is extremely small. Antozone- water, i. e. H0 3 ,

is electro-positive compared to water. Meissner has experi-

mentally confirmed these observations.

The action of phosphorus, according to the author's view,

consists " in polarizing the inactive oxygen. It operates like an
v excited body, and since it combines with ozone,

which is negative-active oxygen, it operates like a positively

electrized body, or has the effect of electro positive tension.

Phosphorus must produce this polarizing effect by virtue of what
we designate its great chemical affinity."—p. 256.

* May not the reducing action which H0 2 , as ordinarily prepared, is well known
to exert upon many oxyds, be due to the same cause as was operative in Meissner's



Meissner's Researches on Oxygen, Ozone, and Antozone. 23

" What we call the chemical affinity of phosphorus for oxygen
is the same thing that is exerted in a less degree by zinc when
it slowly oxydizes in moist air: the latter is, however, due to

the same cause which results in the exhibition of negative elec-

tricity when zinc is immersed in water; the chemical affinity of
phosphorus to oxygen is the difference in its attraction toward
positive and negative electricities: affinity is strong because the
difference h as is great, because the attraction

for negative electricity largely preponderates."—p. 256.

"If phosphorus polarizes the molecule of inactive oxygen
(into the ozone and antozone atoms), it must exert

i

and separating influence upon the electricity of other bodies.

use, as shown by Schonbein, whose observa-

tion I have found to be entirely correct. Schonbein discovered

that when a plate of gold or platinum is immersed in vapor of

phosphorus, or is rubbed over its surface with a stick of phos-

phorus, and dipped into u it r in o >nta< t with a clean plate of the

same metal, it exhibits positive electricity. When phosphorus is

placed in a bottle with moist air, it emits, at first, a garlic odor

;

and only afterwards, when some time has elapsed, does the odor

of ozone become manifest. The garlic odor is evidence that

unoxydized vapors of phosphorus occupy the bottle. If a
platinum plate be suspended in these vapors, it is positively

electrized ; when, however, later, ozone predominates, the plate

becomes negative."—pp. 266-7.

We have not space to give, in full, Meissner's interesting the-

oretical discussion of this topic, which occupies a number of

pages of his book, but must confine ourselves chiefly to recount-

ing the facts he adduces.

In the rapid combustic

that ozone does not appeal

zone is much more copiously produced than in the slow combus-

tion. The fume yielded by phosphorus burning in moist air,

though containing phosphoric acid, is the antozone cloud. Dry
phosphorus, burning rapidly in dry air, gives a.cloud consisting

of phosphoric acid alone ; but it is very different in aspect and
permanency from that produced when the burning phosphorus

floats on water within a bell-glass. If a bottle full of the cloud

thus formed be briskly agitated after a little water has been in-

troduced within it, the PO, is shortly absorbed; but the mist

caused by antozone remains. When a current of air, charged

with the products of the rapid combustion of phosphorr- : -

transmitted
*

the phospho
in quantity and density. Meissner detected no formation of
H0

2 in this case.

Since all the ozone produced when phosphorus burns rapidly
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is consumed by the phosphorus, no oxydation of nitrogen can
occur, and, in fact, none of the oxyds of nitrogen are discover-

able in the products.

It is known that phosphorus, burning with flame in a limited

with
but only with ozone: when, therefore, the former

alone remains, the combustion must cease. That nearly all the

oxygen is nevertheless taken up by the phosphorus, results from
the rapid reversion of antozone to ordinary oxygen at a high
temperature, so that the same oxygen is probably polarized and
depolarized over and over again, until the temperature so far

falls that antozone acquires a considerable degree of permanency,
when depolarization ceases.

At ordinary temperatures, phosphorus is capable of removing
oxygen completely from the air, if sufficient time be allowed-,

i. e. if the antozone first formed be allowed to revert to common
oxygen, which is again polarized, whereby half (?) of it is

converted into ozone, which unites to the phosphorus, and this

process repeats itself until all oxygen passes into combination,

or until only a minute, and to our tests inappreciable, residue

remains uncombined.
In the slow oxydation of turpentine and other volatile oils, it

appears that oxygen is polarized, the ozone being completely

absorbed by the oil, resin and other products resulting : while

antozone, which does not oxydize the oil, remains free or is dis-

solved in it as H0 2 . This view is sustained by the following

experiments. When a stream of air is passed through freshly-

distilled and pure turpentine, the latter is oxydized, as when
exposed to air, but more rapidly ; but no ozone can be detected.

Antozone, however, is contained in the oxydized oil: at least,

the latter gives, as Schonbein has shown, the reactions of H0 2 .

When electrized but deozonized air is transmitted through the

oil, it is oxydized precisely as by a stream of ordinary air; the

antozone produced by electrization being without effect. Ozone,

however, oxydizes and resinifies the oil with extraordinary

The same process doubtless occurs in the slow combustion of

ether.

In case of zinc, both the ozone and antozone unite with the

The combustion of hydrogen is a process which Meissner has

likewise studied experimentally. Burning a jet of this gas
under a bell-glass which is connected with an air-pump having
intervening receivers, it is observed that when, by pumping, a
rapid stream of air is carried along the flame and
through water, the antozone cloud is produced without difficulty.
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There is no doubt, adds Meissner, that hydrogen, when ex-
ploded with oxygen by the electric spark, polarizes the latter

substance ; and Priestly has observed, in such an experiment,
the formation of a dense white mist—the antozone cloud.
The formation of antozone in the combustion of hydrogen is

proved, also, by the fact that H0 3 appears as a product, Btttget
made the observation that the perfectly neutral water, obtained
by burning pure hydrogen in the air, liberates iodine from

\i, and likewise reduces an acid-

ulated solution of KO, Mn
2
0.. Bottger (and Schonbein, also,

on learning I ned to attribute these reactions to

H0
2 ;

but since the liquid retained these oxydizing and reducing
qualities even after concentrating considerably at a boiling heat,

and, moreover, gave Schonbein a negative result on applying
his test (KI with FeO,S0 3 ), it was concluded by both these
chemists thai is produced in this combustion

;

a conclusion which they both have since extended to all instances

of combustion.
Meissner finds that in some cases the reactions described by

Bottger are not obtainable with the water yielded by the com-
bustion of pure hydrogen ; but that when they are, "the water,
also, gives the reaction of H0 2 with Schonbein's test, provided
too much FeO, S0 3

be not employed. Meissner further finds, by
trial, that a dilute solution of H0

2
may be boiled a long time

without losing its characteristic qualities; while NH
4 0, NO, in

solution is completely and very rapidly decomposed. There
remains, then, no grow probable as-

sumption that nitrite of ammonia is a universal product of com-
bustion.

The formation of the antozone mist and of H0 2 may be ob-

served with any flame the same as with burning hydrogen, care
being taken that the air which surrounds the flame, or is made
to stream over it for the purpose of transporting these products
into a suitable receiver, be not heated too strongly. The experi-
ment succeeds easily with the alcohol-flame ; but is difficult when
a smokeless gas-flame is employed, on account of the high tem-
perature of the latter.

The antozone produced in the vicinity of a flame is, in great
part, destroyed again by the high temperature to which it is ex-
posed, even when the flame is situated in the midst of a powerful

When the combustion is slow or smouldering, antozone ap-
pears in large quantities, and in presence of moisture forms the
characteristic mist or cloud. Tobacco-smoke, according to
Meissner, is a genuine antozone mist, though various products of
combustion are suspended in it. When a cigar is "smoked" by
an air-pump or aspirator, the larger share of these products of

Ait. Jour. Sci.—Second Sekie?, Vol. XXXVIII, No. 112—Jar, 1864.
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combustion may be removed by means of suitable absorbents;

but the mist remains undiminished, and by passing it through
water is actually increased in density. Cold tobacco-smoke,

when collected in a bottle, slowly disappears in a manner cor-

responding to that noticed in case of the antozone cloud obtained

from electrized air. The water, which is an essential part of

tobacco-smoke, comes partly from the tobacco itself, partly from
the mouth of the smoker. It is a fact of common observation

that the smoke which is blown from the mouth is much whiter

and more opaque than that which curls from the end of the

cigar, and by retaining smoke in the mouth for a time, its density

is increased. The fact that tobacco-smoke may be passed through
water, as in the nargile, without losing its odor or narcotic

effect, is due to the property of the antozone cloud to suspend
and transport solid matters, which has already been noticed.

Such are Meissner's views, which certainly have very many
ties in their favor, although they are not altogether

without farther need of experimental confirmation.

In the third and last division of this work, the author dis-

cusses the Ozone and Antozone of the Atmosphere. He first re-

views the observations of Halle) assure, and
Forbes, regarding the physical structure of mist, and confirms
the fact of its vesicular nature. He next discovers by experi-

ment that while it is easy to condense moisture from any moist

gas or gaseous mixture by cold or rarefaction, it is impossible to

produce a m\ Anient. The
water condensed by artificial means from pure oxygen or from the

atmospheric air always exhibits the character of a cloud
; that,

separated from other gases or mixtures free of oxygen, always
assumes directly the form of rain. Where oxygen is present,

the water condenses in vesicles; in other cases, in a

Meissner states, further, that air saturated with moisture gives a

cloud on sudden rarefaction until the pressure is reduced to about
8 inches of barometric pressure. At this levity the cloud is,

however, extremely delicate and transitory, and under a less

pressure no cloud could be produced. This stand of the barom-
eter corresponds to a height in the atmosphere, above
of 27,000 feet. According to Kamtz, the lightest and highest

clouds, cirrhi, are formed at an average altitude of 20,000, and
a greatest altitude of 24,000 feet. The densest artificial cloud
is formed in the densest air, and the heaviest cumuli are formed
within 5,000 feet from the sea-level.

From these facts, Meissner proceeds to adduce arguments in

favor of the view that all atmospheric clouds are really due to
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fine ourselves to pointing out concisely the train of conclusions
be has arrived at.

In examining the analogies that exist between the natural at-
mospheric clouds and the ozone-cloud of his experiments,
Meissner finds that the same molecule of ox vgen niav exist in
all of a series of conditions ranging from 'highly (positively)

xygen (antozone), to ordinary inactive oxygen, in all

- it is characterized by its hygroscopic quality.
From the higher to the lower stages of antozonization it passes

rely and spontaneously, and the decline of activity,

\y or electrically speaking, is commensurate with its

loss of hygroscopic capacity. It would appear, further, that the
hygroscopic property of antozone is specially characterized by

igementof the molecules of water.
That the atmospheric oxygen is always more or less mixed

with antozone, or is in an antozone state, is shown, so Ifeissoer
reasons, by the results of observations on atmospheric.eleetrieitv.

•i!v always indicate the air to be somewhat positively
excited.

Meissner here recounts the views formerly maintained by
Saussure, Hube, Parrot, and others, but now abandoned, which
attributed important offices to electricity in the formation of
clouds. He further reminds us that fogs are ah.

electro-positive, and the more so the denser they are, as Volta,
Read and Schiibler have observed. As regards clo

a

are nothing but fogs at an elevation, he finds that the mass of
testimony leads to the conclusion that they, too, are positive.

The electrical state of the atmosphere thus favoring the
assumption that it may contain antozone^ we should expect to
find direct evidence of the presence of the latter. Meissner has
not indeed directly examined the rain of thunder storms for
H0

2 , but he reasons with much cogency that the reactions from
honbeia has deduced the presence of nitrite of ammo-

nia in rain-water may be attributable to HO,, as we have already
seen.

Evidence that antozone is produced by discharges of light-

ning, is not, however, wanting. The formation of a dense cloud
that has been compared to tobacco-smoke, in the path or vicinity
of a thunderbolt, is a matter of oft-repeated observation ; and
Schonbein himself has recorded two instances of this kind that
fell under his notice: in one case his own house, and in the
other a neighboring church, having been filled with an
vapor or cloud.

Meissner reviews the attempts to account for the positive elec-
tricity of the atmosphere, and in pronouncing them all failures,
he puts in place of the question, " What is the source of atmos-
pheric electricity ?"—the inquiry, " What is the origin of anto-
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zone—positive-electrized oxygen—in the atmosphere?" We see

at once that the former question may be regarded as answered
when the latter finds a satisfactory reply. Meissner considers

himself warranted in assuming that what he has shown to be

true in the combustion of phosphorus and hydrogen is typical

of all processes of oxydation by atmospheric oxygen, and that,

accordingly, this element suffers polarization in every instance

where its affinities are exerted. " A bit of phosphorus with its

immediate surroundings of air and water, in which it slowly

burns, is a picture of the earth with its atmosphere and the

oxydable substances, together with water, upon its surface : the

white fumes which rise from the phosphorus (the solid matters

held by them in suspension being disregarded) are not only
. the same, as the fogs and clouds of the atmosphere,

but the mode of origin of both is identical."—pp. 345-6.

Here we finish our imperfect analysis of this book; a book
which we have studied with great satisfaction, both from the

importance of the topics it discusses, and the philosophic spirit

everywhere exhibited by the author. We are bound to say that

the assumption of the I ofammonia from nitro-

gen and water is refuted by Meissner, and the true origin of the

oxyds of nitrogen that o^cur in nature is satisfactorily explained.

The ozone question by these researches acquires a broader basis

and more consistent aspect than it has hitherto possessed, and
the new fields of investigation that are displayed through these

pages are full of invitation and of promise.

Bouguer in his Traite d'Optique and Laplace in his Mecanique

Celeste have investigated the effect of the earth's atmosphere in

absorbing the light of celestial luminaries. The latter has shown
that, approximately, the logarithm of the intensity of their light

varies inversely as the cosine of their zenith distance, and, more
nearly, as the quotient of the refraction divided by the sine of

the zenith distance.

If, then, assuming any unit of comparison, we observe the in-

tensity i at the zenith distance 0, and the intensity I at the ze-

nith distance zero, the intensity just before entrance into the

atmosphere being put at i
,
we have,

^=~l=^-> -*-» M
where —Q is a constant to be determined, (?) is the density of

,
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the atmosphere at the time and place of observation, and I is the
height of a homogeneous atmosphere of the density (?).

Therefore we see that logE varies with the barometer and
thermometer. For the more accurate formula we have,

logU^.iogU-H.J^. oHogE=sĵ
.l„g E , ,2,

where SO is the observed atmospheric refraction, and —H a

constant equal to — -^..Q.Z.

This last formula depends on the assumption of a uniform
temperature throughout the atmosphere, which assumption, says

Laplace, can produce no great error. Therefore for the same
place and standard height of the barometer and thermometer
we should for all celestial luminaries have E constant.

The numerical values of I and i in terms of our assumed
standard can be determined from two observations of », and t"3

at the zenith distances 0, and a .

To this end we have, adopting the approximate formula (1),

log l= «*», 'o8 .-,(«. : -!)-« », <* («. »,
-_i)

t (3)

,
I'">ir <\ —W I cos 6

2
\>><f i

2 — v>ir I

w
Bouguer has given, on pp. 79-S1 of his Trade, the result of

two observations on the brightness of the full moon, which he
made at Croisic in Bretagne, as follows

:

Whence he deduces, p. 84, that this ratio ^^ is the loss due to

the absorptive power of 7469 toises of air having the density of

that at his place and time of observation. On the result of these

two observations he bases the table on page 332, where we find

that

E =+0-8123, (A)

which number is adopted by Laplace in the tenth book of his

Mecanique Celeste.

As Bouguer's serial formula is not equivalent to our equation

(1), I have repeated the computation by (3) and (4), and find

E«=Hf^=+0 '8149
'

(B)

assuming of course the barometer to have been at 30 in. and
thermometer 50° F. during the day.

On page 81, vol. xxxvi, of this Journal, will be found some
observations which Mr. Alvan Clark has made, which will give
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us a second determination of this constant. I was in hopes of

securing a longer series of observations accompanied with a
record of the barometer and thermometer, but these seem to be
the only ones available for our present purpose.

Mr. Clark, by diminishing the apparent diameter of the sun
until it is barely visible to the eye, thus determines its brilliancy

in units of th. : ._ i

f
> ss ot a i a\ t si :th magnitude star. How-

ever much his results may depend on the peculiarities of his

method and the delicacy of his eye, yet we may fairly consider

them as comparable among themselves.

We have then

1863, April 27, Boston M. T.
18h40m $,=733 11' j,= 783100) times that of the

24 2=28 14 t 2=l 308000 f faintest visible star,

"Whence we derive, assuming the barometer and thermometer to

have been at standard heights,

1347
:

1680904
"

The difference between the values B and C may be considered

as due to the diurnal and other changes in the heights of the

barometer and thermometer at Croisic and Cambridgeport ; to

the differences in the transparency of the atmosphere and the

annual and diurnal changes in the same; and to the fact that

Bouguer observed the moon at night, and Clark the sun by day,

therefore, the different laws of variation of temperature in the

strata of the atmosphere and the brilliancy of the atmosphere
as illumined by these luminaries will introduce discordances.

This latter is the most important source of error; the light

which we must measure in observations of this nature being the

sum of those rays which penetrate the atmosphere jjIus the light

of the atmosphere as illumined by those rays which it absorbs.

In respect to this point it is very important that observations be
made on the stars, comets and moo . a.- \v< 1 ; - the sun. Mr,

Clark's two observations at 18h 30m and 10m P. M. are interesting

in this relation. They are as follows. Admitting a large circle

of the illuminated air which surrounds the sun he finds,

April 27th 18fa30m 0,=75° 2' i. =1 055360 Mimes that of faint-

E
« = r = t^^qTvi =+ °'801

7

' <
c)

Treating these observations by equations (3) and (4) \

(D)
i

~~
1858843 '

the rough agreement of which, with the values A, B, C, is due
to the preponderating influence of those rays of the sunlight

which penetrate the atmosphere.
It will certainly be interesting to make a more elaborate in-

vestigation of this subject and to examine also the transparency
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of our atmosphere to the rays of heat and the chemical rays as
well as to those of light. The importance of this matter in cer-

tain astronomical studies is not to be underrated ; since we often

lianev of a comet's nucleus and its tail as seen through the even-

ght in the most interesting part of its orbit; also iu

investigations upon the form of our Milky Way based i

number of stars visible to Herschel in his guages,

by Bessel and Argelander in their zones.

For the present we shall merely append a table of the com-
puted values of E for the two values of E given in (B) and (C),

together with the corresponding \ m the table

given by Bouguer, p. 332. The 2d, 3d, and 4th columns give

the E which results from assuming » =1. The 5th column

contains the quotient -- for the value (C) of E .

upon the
..hserved

Q Bou-nier'i BMg»r% Clark's Clark"*

0-8149 1-0000

07866
Villi

07746 0-9664

50
60 0-6639 6428 08017

80 0-34 94

90 0-0006 0-0000 00000 00000

Art. IV.— On the Distribution of the Dark Lines in the Spectra

of the Elements; by Prof. Gustavus Hinbichs, Iowa State

As>
felt

I heard of the gre r of Kirchhoff and
uld

prove to be distributed according to simple laws, and that these

laws might lead us to a knowledge of the relative dimensions of
the atoms. But it was only quite recently that I was enabled to

study the distribution of these lines in its detail, Prof. Silliman

Jr. having kindly sent me Kirchhoff's two memoirs. Yet I

limited my investigation to the group of the alkaline earths and
iron

; for whatsoever is true for some elements will also be found
applicable to the remainder of them ; and besides Kirchhoff's

measurements are not at all to be considered as final, neither does
he give all lines that may be observed: so that the material at

hand can justify only a preliminary investigation, to be completed
and modified by more complete and more accurate observations.
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As it is well known that some distinguished American experi-

menters are engaged in a more accurate and complete survey of

the spectra, I thought it proper to give the results of this pre-

liminary research in order that the remarkable laws here found

as the essence of Kirchhoff's determinations might as soon as

possible be further developed.

It might seem that such an investigation could not lead to

definite results, since Kirchhoff's scale is entirely arbitrary and
even changing. But within a small range equal differences on
this scale must correspond to equal differences in wave length,

for whatever the curve may be (we have found it to coincide with.

a parabola), representing the wavelength as a function of Kirch-

hoff's millimetre-scale, within such narrow limits the curve will

coincide with its tangent. We must therefore first see whether
the different groups of lines exhibit any order.

Commencing with the Calcium-spectrum, we find a group of

lines near Fraunhofer's Q. Eepresenting the intensity by I, the

scale-division by K, the successive differences by D, we find

from Kirchhoff's table—

Group I, d
1
=50.

4 54-7
Q^ 54-7 -0

5c 34-2
° *

34-7 -4-5

It is plain that the values of D are as 1:2:4; considering
these ratios as intervals, », and calculating from them and the

difference the values C, which would correspond to a perfectly

regular distribution of the lines, we obtain the error of this

theoretical determination E=C— K, as given in the last column.
We see, the error is almost nothing—the last one might easily

be conceived as the result of the increased range. Hence we
this group is very regular, having a principal difference

of 5*0, or a simple multiple (here successive duplication) thereof.

The second group, stretching from 2653 '2 mm, to 2605 '8 mm.,
has a range of 474 mm., which appears to be rather large; yet

we find (comparing lines of high and similar intensity, those of

lower intensity not being uniformly given)

:

Group II, tf2=s2026.



Hinrichs on Dark Lines in the I of the Elements. 33

The intervals are not in any simple ratio, but closely approach
3 1 : 2, yet the great range of this group does not authorize us
3 give great weight to it.

}roup III, d
z =-1b. A very bright group of small range.

two we have 4:2:8, : 4. The signification of such

vill become apparent in the sequel.

only having 2

Group VI, rf
9
-

The error of '7 is considerable in regard to d
6
and in general

;

yet it will disappear if we combine the first two intervals, there-

by at the same time obtaining the simple series 4:1:4:1, or
showing the whole group to consist of two equal parts of 5,

each again composed of 4 : 1. Besides, it must be observed that
the line 369 is faint as compared to the inclosing ones, marking
plainly a subdivision as intimated.

These numbers seem to justify our first law:
Am. Jock. Sci.—Secoxd Sekies, Vol. XXXVIII. N,,. H-.-.Tult, 18&L
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I. The mutual distances of the different lines in each separate

group are multiples of the smallest distance in such group.

To proceed further, we must remember that Kirchhoff himself

acknowledges that he did not map .nil the lines he saw ; besides,

we know that many lines have been discovered which he did

not see. Now the intensity of a line is certainly a less import-

ant element than its place ; hence it may be that some lines are

mapped while corresponding ones are not. Thereby we are per-

mitted to group several lines into one group which we will call

a physical combination, since it consists entirely of actually ob-

served lines. It would, on account of the above, likewise be
proper to admit hypothetical lines, thus dividing a given inter-

val into a virtual combination ; but since such divisions are given
by the numbers reprea I, and since we desire

to keep this part of our article entirely free from any hypothesis,

it being our purpose to show just what the given facts mean

—

we will not make any farther use of such virtual combinations

;

what is here said will be sufficient to make the experimenter
look to those places of the spectrum which are pointed out by
such combinations.

The six groups of the calcium spectrum show the following
remarkable physical combinations :

Group I, interval : observed 1:2:4.
Group II, range too great, interval approaching the ratio of 1 to 2.

Group III, observed 1:3:2:8

Group V, observed 3:6:1
Group VI, observed 2:2:1

physical 4 : 1

These numbers show

:

II. The intervals in the different groups may be expressed in very

fibers, as 1, 2, 3.

there is a verv great harmony between the

harmony is to be admitted i

iact, it must extend throughout the whole spectrum of an ele-

ment. And if our notion of a physical group, as containing
corresponding lines, is correct, these physical groups must have
corresponding intervals throughout. We find from the preced-
ing tables:
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Physical interval.

Group I, d
t
=z5-0 A,— 2rf

2
—100

[ " II, d2— 2-026 A 2= 5rf
2=10-13]

" III, d2
~ -75 A

3
— 14cf 3= 10-5

" lV,d,=z\-3 A 4= 8t/
4
= 10-4

'« V,rf5= 3-5 A
5
= 3t/

5= 10-5

5rf
6
— 11-2

Group II is enclosed in brackets, because its wide range made
us exclude it in the preceding; besides 5tf„ is but a virtual in-
terval, not marked by actually known lines. a

6
is somewhat

indeterminable; yet it probably is 4c/
6
on account of the differ-

ences between KirehhoiFs scale and the natural scale of wave-
lengths being for this group considerable. The whole of the
brilliant group III has been considered as a

3 , it forming deci-
dedly a natural group. The great approximation of the values
of a, distributed over almost the whole range of the spectrum,
seems to justify the following conclusion;

III. The difference in wave-length between the corresponding lines

in a group is e s le
'

> < at the whole spectrum.
It will be borne in mind that we did not select the groups to

lead to such a law, but that we here—as actually was the case
in rinding this law—simply took the physical groups before
given.

Hitherto we have never compared greater intervals than A=10,
taken in different parts of the spectrum ; for such the corres-
ponding wave-lengths will prove very nearly equal throughout.
But now we must farther compare not the range of a group but
the interval separating the different groups. Evidently the sin-

gle lines interspersed between the groups will have the same
physical signification

; they may prove to be the only yet known
members of less intense groups.

Comparing the values of Kirchhoff's scale with the well known
wave-lengths of Fraunhofer's principal lines, we found by a

interpolation the following reduction to wave-length
lor the various single lines or groups;

L K. Wavelength Differences

G.=0—-00042-91+ if 6—8.

Group I, 28^ -f-
0-0

" II, 26§£ l'o to 1-9 = 2<?~ -1 or-f-3

13J+-1

19<5-r--2
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Greater degree of accuracy can not be attained before we have
direct measurements of these wave-lengths like those recently

made by Eisenlohr. The existing facts give these differences as

multiples of d= *8=0m™"000008 between the different groups of

lines.

The intervals appear not very regular, but smallest (equal to

d) near the brilliant group III. Extending our view of physical

combinations (i. e., such as are marked by actually known lines)

to the whole of the spectrum, we obtain the following intervals:

Observed, 2:5:2:2:1:1:3:3:6:3:1

Physical, 2:5: 6 : 6:6:3:1

both of which are almost as simple as possible. The latter

would be formed of equal intervals, 6, if the last interval ex-

tended beyond 641 mm. K, and if some line should be discov-

ered within, the last observed interval, i. e., about midway be-

tween 2650 and 2840 mm. K. Hence the existing observations

make it very probable that

IV. The principal corresponding lines or groups of lines are equi-

i egard to their wave-lengths.

It will be perceived that these successive laws may be con-

sidered as generalizations of the same principle. Hence it is of

the utmost importance to see how far other substances give evi-

dence of the same laws. We will first consider the other alka-

line earths.

The spectrum of strontium, as given by Kirchhoff, is too defi-

cient yet to be of any consequence.

The barium spectrum is more complete, but we have too few
lines to discern the physical groups ; therefore it seems best to

We ob-

tain as before:

intense lines as corresponding c

G=0"»"-00042-91-f

}-4=35-j--l

t-8=4H-4

1031-8

890-2

874-3
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Giving the intervals

Observed, 3:4:1:2:1:3:1

Physical, 3:4: ^~V : T
These numbers thus confirm the conclusions drawn from the

calcium spectrum. At the same time there appears yet one most
remarkable new relation if we compare the interval 4d of ba-

ponding interval Qd of calcii

Calcium, d— -8 hence 6J=4"8
Barium, d=\-l " 4<>=4-4

or only a difference of n,m 000004 in wave-length between
numbers as large as mm-00005. Is this physical interval for

calcium actually the same as that for barium ? Only more accu-

rate observations can decide it ; but if it proves equal, very great

consequences will flow out of it.

The magnesium spectrum is represented by Kirchhoff as but
one brilliant group. We have

:

I. K. D. t C. E.

6e 1655-6
fl

. , 55-S + -2

showing d= 7
- and conform to the first and second laws (I. and

ID-
Thus the four laws, first found for the calcium spectrum, are

true for all the members of the group of alkaline earths, as far

as their spectra are known. From this we conclude that they are

y correct for all elements. How far this gen.

is warranted we will now test by one of the most remarkable

spectra: the brilliant and rich spectrum of wwi, especially the

three great groups of lines in this spectrum, groups almc
I great groups of lines in this spectrum, groups i

1 to range, intensT

s signs as before,

; parallel both in regard to range, intensity, and closeness of

i lines. Usin '

Group 1

Intervals, observed,

physical,
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thus having the simple ratio c

difference a ,=76?, =5 '6.

Group II, d2 ='8, A 2=1d2
=5-6

As starting point for C we made E= for the principal 1

the middle of the group, i. e.
f
67, 6c? ; and 89, 6c. Around these

lines E are very small, but one extremity 2E is positive, on the

other negative : thus plainly indicating that the greater values

of E are due to the great range—almost 100 mm. K—of the

group, a range so great that the wave-lengths can not through-
out fully correspond to the values K on KirchhofFs scale.

As to the intervals, they again seem at first sight to be very
capricious

;
yet we find

i, observed, 8 : 9 : 2 : 12 : 5 : 7 : 10 : 5 : 6 : 2 : 8 ; 5 : 9 ; 14 : 2 : 3 : 3

physical, 17 : 14 : 22 ; 21 : 14 ;14: 8

or, 2A 2
-±-3d

2 : 2± 2 : 3A
g
+d

9 : 3A
2 ; 2A 2 : 2A

2
: A 2

+<f2

the extremities of which series may be adjusted by extending
the observation, thus giving

3c/2
+2A 2 : 2A 2 : 3A 2 -frf2+3J^ 2 : 2A 2 : 2^

2
: A

2-fd2 ,

& symmetrical series of 7a
2 , on each side of the median d,, and

on the left 3ci2 , on the right & 3 +d2 or 8d3 ;
yet it may be that

further observations will reduce the great interval 22d
2

to 21o?a
and thereby simplify the series. We must accept the" observa-
tions at hand, and these show that A

2
— f

jd
2 is the physical dif-

ference of this group, and that these divisions of higher order
are again simple, symmetric in regard to the middle of the whole
group. It will be noticed that not only a

2
=a

1j as ought to be,

but that even d
2
=d

l
.
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u
The great value of the last E undoubtedly is caused by the great

all thegreat group

;

thus again a symmetric division—here into equal parts—of this

great group.
The value of a 3

differs considerably from a i=a 2 ; but it is

obvious that 2a =54 is almost the £

; magnificent groups of the elementary spectra thus
lUy confirm the four laws deduced from the calcium spectrum
nd extended to the alkaline earths. Hence we may conclude

that those laws, in substance, will be found applicable to all ele-

mentary spectra. But until much more rich and accurate meas-
urements, combined with direct determinations of wave-length,

have been made, a further prosecution of this investigation will

be useless; we therefore content ourselves with this preliminary
research, hoping that future investigations based upon richer

material will extend these laws, and by dividing the larger in-

tervals, prove that these remarkable lines are not distributed at

random but as regular as the stripes produced by diffraction.

As far as the observations are now at hand, the above four
laws seem to point to the following one, including them all

:

The dark lines of any element are regularly distributed over
all the spectrum, in equidistant groups consisting of equidis-

tant lines ; but the intensity of these lines regularly increases
and diminishes, so as to obliterate a number of lines and even
of groups, thus producing gaps in the regular series, gaps which
only by high optical powers—intense line of light and great
condensing lens—can be completed.
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Such observations therefore are most ardently desired, and it

seems urgent to construct telescopes for this particular purpose.

If we, in the preceding, have succeeded in making the regu-

larity of the apparently highly irregular lines probable— for

they certainly show definite and simple laws in their distribution

—it may naturally be asked : what causes this distribution, and
what will probably be the reward of continued researches in

this direction ?

The lines can only have one of the following two sources.

They are either produced by the dimensions of the solid parti-

cles or by the intervals between them, i. e., their distances. The
latter is impossible, for these lines remain absolutely the same
under such different circumstances as cannot but to some extent
change the mutual distance of the particles. Hence the lines must
be produced by the bulk of the particles or atoms themselves, and an
exact knowledge of these laws and distances must lead us to a knowl-
edge of the relative dimensions of the atoms, both as to length,

breadth, and thickness. Thus optics will give us the form and
size, as chemistry has given us the weight of the atoms. The
remarkable result attained by comparing the distance between
the calcium groups (4

-

8) and the barium groups (4'4) seems to

show that one dimension of the atoms of these two elements is

nearly—or if the above values should be found to be exactly
equal—perfectly equal. How great the interest of such deter-

minations is in regard to the constitution of the elementary
bodies needs not to be accentuated. It may yet lead to an ex-
perimental demonstration of the existence of a primitive sub-
stance, the element of the elements.

How the dimensions of the atoms produce these lines is an-

other question, and it is very difficult even merely to suggest
any probable connecting link between the dimension of the
atoms and the luminous wave. But this can not be any serious

obstacle to the practical application to the analysis of the elements:

for so the alkalies were decomposed by electricity although the
causal connection manifested therein is but imperfectly known
even at the present day.

But, however this may be, we hope those physicists who are

favored by the necessary delicate apparatus will find in this un-
pretending preliminary investigation sufficient inducement to

test—and as we think probable—to confirm and complete the

result here deduced from the existing observations, that : the dark
lines of the spectra of elementary bodies are regularly distributed.

Iowa City, March, 1864.
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Art. V.—On the structural characters of tlie so-called Melanians of
North America; by Dr. Wit. Stimfson.

• In the very interesting series of lectures on the Mollusca, by
Dr. P. P. Carpenter, recently published by the Smithsonian Insti-

tution, under the heading of "Fam. Melaniidse" the following
passage occurs :

" It is much to be regretted that American col-

Jeotora, who have not been slow to avail themselves of the exu-
berant riches lying at their feet, which are so acceptable to

European naturalists, have so generally entirely neglected the
preservation and study of the opercula ; and that so many points
in the physiology and habits of these easily-observed animals
have not yet been made known.'"

There is only too much of truth in this remark. Not only
"American collectors," but American naturalists, have been
hitherto content with describing, from the shell alone, the multi-

tudes of species of Melanians which swarm in our fresh-water

streams and lakes, without any attempt to acquire a knowledge
of the structure of these animals, or to determine the relations of
the large and important group to which they belong,

aware that several descriptions of the "animal" of certain species

have appeared, but all of these are for the most part confiued to

characters of a trivial nature, such as color and proportions,

while other characters, of paramount importance, have been over-

looked or misinterpreted, though sufficiently easy of observation.

Indeed, as far as I am aware, no one has hitherto studied these

animals sufficiently even to determine the primary characters of
their sexual system : whether they are hermaphrodites, or have
the sexes distinct; and, in the latter case, how the male may be
distinguished from the female. And it is only by the recent

publication of the invaluable work of Dr. Troschel, of Bonn, the

"GebissderSdni eckent
"that we have been made acquainted with

the nature of the lingual dentition of any members of the group.

My attention has been drawn to these animals incidentally

while studying the characters of our North American Amnicolee,

and I will present here the results of the few observations which
limited opportunities have enabled me to make upon two spe-

cies inhabiting the waters of the Potomac River, namely, the

Say, and the Mudalia dissinrilis* of Halde-

man. These two specfes, though very distinct in the form of
their shells, are so similar in the other characters of the animalls

e

,

S

are

W
so

coloration, etc.,

Aac Joub. Sci.—Second Series, Vol. XXXVIII, No. 112.—Jult, 1
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that I am convinced that they cannot be separated generically

upon other than conchological grounds. The same is true with

regard to some other genera of the family, in which even the

lingual dentition does not present distinctive characters of ge-

neric importance. But let it not be understood from these re-

marks that I deny the convenience and expediency of keeping

separate as genera these groups founded on the characters of the

shell. As long as our nomenclature is binomial and not trino-

mial, every well-marked group of species should be kept distinct

as a genus, however trivial in importance the characters upon
which it is based may seem to be ; and this is all the more ne-

cessary in families containing a very large number of forms. A
genus is simply the ultimate subdivision of species considered in

respect to their relations to each other, and the elimination of

the term "subgenus" from our categories seems to be required

by the very nature of our binomial nomenclature.

The following brief account of the structural characters of

the two Melanians above-named has no pretension to complete-

ness, but is presented fpr the purpose of drawing attention to

certain details of greater or less importance : with the hope that

those who have materials at hand may be induced to follow out

the train of investigation thus commenced, and particularly to

make a thorough study of the sexual physiology of the group,

which must prove of great interest in its diversity from that of

ordinary Ctenobranchiate Gasteropods, as is indicated by the

diverse character of the external sexual organs.

General Characters.—Head.—The head is provided with a

rather large and somewhat elongated rostrum, tapering very
little, and projecting normally considerably beyond the anterior

margin of the foot. This rostrum or snout possesses consider-

able mobility, and has a strong resemblance in physiognomy
to that of a hog, of which one cannot fail to be reminded while

watching a crowd of these Melanians feeding at the river margin.

It is somewhat contractile, and is wrinkled transversely upon
the upper surface, except when protruded to its full extent, when
the wrinkles disappear. In the but little de-

pressed, but it becomes much flattened in spirits. It is termina-

ted by the oval disk, which is emarginated at the middle in front

and behind; the mouth is indicated by a longitudinal slit at the

centre, extending nearly to the posterior margin. The buccal

mass is very little retractile, and its retraction is not accompanied
by any invagination of the extremity of the rostrum. The jaws,

according to Troscbel,' consist of very numerous little scales,

which have a polygonal, and for the most part a hexagonal, form.

The teeth on the" lingual ribbon are arranged in seven rows,

(3, 1, 3), and their characteristics, according to the author ahove
quoted, (whose observations on this point I have in part repeated.)
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consist in the form of the rhachidian tooth or plate, which is

broader than long, rounded .behind, and more or less sinuated
anteriorly ; the intermediate plate is of a rhomboid form, with
a produced postero-exterior angle ; and the inner lateral plate
has fewer denticles at its extremity than the outer one. The
tentacles are of moderate but variable length, tapering, and more
or less pointed at their extremity. The sural] black eyes are sit-

uated on si M the outer bases of the tentacula.

Foot.—The foot is short and thick, usually much shorter than
the shell, truncated but not distinctly auricled in front, and
rounded behind. The operculigerous lobe is conspicuous, and
bears a corneous subspiral operculum of very few whorls, (gen-

erally only one), the nucleus of which, as v, as iirst observed by-

Professor Haldeman, is often broken off in adult individual*
In tin's case the operculum becomes elongated, projects beyond
the posterior margin of the foot, and resembles that of the ma-
rine genus Fusits. On the right side of the body there is an
impressed line, commencing at the bottom of the pallia] cavity

and running parallel to the median line of the back, until it

curves downward behind the right tentacle, and reaches nearly
to the margin of the foot.

Pallial cavity.—The margin of the mantle is simple in the

species which have been examined, and probably so in all. At
the right side of the opening of the pallial cavity it is slightly

folded or si .liferent canal for the passage of
water to the gills. The duct of the generative organ lies along
the right side of the pallial cavity, in the angle formed by the

juncture of the mantle with the back, and consists of two rather

broad, unequal laminae lying close against each other. Its base

of attachment is narrow, and the outer edges of the lamina? are

thin and sharp. Anteriorly, they taper gradually to their ter-

mination, near the aperture of the pallial ca\ it;, arid close to the

anus, where there is no free projecting extremity of the

as occurs in most Ctenobranchiata. I have been unable to dis-

cover anv opening in either lamina at this point, so that the gen-

erative products are probably discharged from the inner surfaces

of, and betvx ' a channel

U tward the external element. The rectum lies in the usual posi-

ti< :., parallel with and close above (to the right of) the genera-

tive duct. The feces are not voi

cylinder, as in many gasteropoda, bat the cylinder is divided

transversely, in the rectum, into sausage-shaped sections.

Bra uc/tirr.—The gills, as in most other Ctenobranchiates, are

two in number, lying upon the inner surface of the mantle. The
principal or comb-like gill* is much elongated, extending to the

giUs of the Mela
Recent Moll., i, 29

magine upon what H. & A. Adams b

la;,—"giU composed of rigid, cylim (<;en.
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bottom of the pallial cavity. Its width anteriorly is about two-

thirds that of the rostrum, but it becomes gradually narrower

posteriorly. It consists of fifty or more thin triangular laminae,

the height of which is less than their length at the base of at-

tachment. The supplementary or feather-shaped gill
5

is rudi-

mentary, reduced to the simple mid-rib, which forms a short,

linear, fleshy ridge between the left commissure of the mantle

and the base of the principal gill, to which it is parallel.

My specimens are not in sufficiently good condition to enable

me to trace the position of the mucus-gland (the "organ of vis-

cosity " of Cuvier) and its aperture.

Sexual differences.—The Prosobranchiate Gasteropods are dis-

tinguished as an order from the Pulmonates and Tectibranchs,

by having the opposite sexual organs in different individuals,

instead of. existing together in the same individual. Prior to

the more recent investigations into the structure of the genital

system in this order, the animals of a considerable number of

the families composing it were supposed to be hermaphrodites.

For example, Cuvier states that the sexes are united in the mol-

lusks composing his orders Scutibranchiata, Cyclobranehiata, and
Tubulibranchiata. And even some of the most recent authori-

ties still continue to regard some of these animals as hermaphro-
dites. Carpenter, in his "lectures," published in 1861, says that

in the order Scutibranchiata (in which he includes the Trochida?,

Turbinidae, etc.) "the arrangements for the continuance of the

species, instead of being separated on different individuals, are

united in the same individual, which is supposed to be capable

of self-impregnation." ' And Moquin-Tandon, in his work on
the terrestial and fluviatile Mollusks of France, and in a special

article, describes an organ in the g 3 of Valvata,

which he considers to be an hermaphrodite gland.
1 So there

are said to be hermaphrodite Littorinas. etc.

But the Troehidae and Turbinidae and all of the Scutibranchi-

ata are now known to have the sexes distinct; that the same is

the case in the Cyclobranehiata, has been shown by R Wagner*
and Milne Edwards; 9 and that the Tubulibranchiata are not

hermaphrodites, has been established by the observations of

von Siebold 10 upon Vermetus, the exactitude of which has been

9
It should here be remarked, however, that the function ,.f tbN or-' in is a matter

••:•-
- •.:

we may regard the pallial cavity as tubular, and revolved a little to the left
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recently confirmed by Lucaze-Duthiers." Indeed, wherever the
generative organs of any of the Prosobranchiates have been sub-
mitted to a thorough examination, the sexes have been found to
be distinct, and it may now be considered safe to conclude that
they are so in all of them.

In the groups to which the Melanians have been supposed to
be nearly allied, hermaphrodism has never been suspected. In
Bissoa, Ammcola" Viviparius, etc., the sexes are easily distin-

guished, the male being provided with a large and conspicuous
external organ of generation, usually projecting separately from
the side of the body behind the right tentacle, but in one group
(the Vivipari) united to that tentacle, giving to it much greater
thickness than occurs in the opposite one. In view of these

ecurrenceof a copulatorv organ in the Melanians also
' ' \ well have been expected. Yet I did r

- in any of my specimens ; and the best endeav
nate the sexes by dissection of the internal orgai

i were baffled by their similarity in all individuals ,;;i;r;

i applied, when all doubts were removed by
the discovery of ova m that organ in some individuals, and of
spermatic particles in others, while the two were never

,

found together; proving the organ in one case to be an
ovary, and in the other a testis. The form of the sper-

matic Mil ' is nearly represent-
ed in fig. 1 ; the tails should be more slender.

The (act being thus ascertained that the sexes are

distinct in th standing the agreement
in form of the respective organs of generation, and the

absence of a copulatory organ in the male, search was made for

some external character by which the sexes might be distin-

guished, and it was shortly found that all those individuals in

which the genital organ contained ova, had a conspicuous slit or

sinus in the right side of the foot, about midway between the

tentacle and the operculigerous lobe ; while in those
in which the organ contained spermatozoa, this sinus

was entirely absent. Fig. 2 illustrates the position

of the sinus in the female of Mwlalia dissimiUs.

The female Melanian, then, may be distinguished

from the male by the presence of this sinus. It

consists of a deep pit on the impressed line mentioned in the

description of the body and foot, from which a canal, formed
by a fold of the superior parieties of the pedal muscles, extends
downward nearly to the margin of the pedal disc. My observa-
tions have not extended far enough to enable me to ascertain

u
Ann. des Sci. Nat., [4], Zool., xiii. (1860). 209.

Amnicola has even been included in the family Melaniidae by Lea. (Observa-
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the function of this lateral sinus; but from its occurrence in the

. it is undoubtedly connected either with the fecun-

dation, or the deposition, of the eggs. Before discovering it to

be a sexual character, I had supposed this sinus to be connected

with the water-circulatory system, and to be a water-pore like

that seen in the pedal disc of Conus and the higher Gasteropods

generally ; this view having been favored by the fact that a

strong and regular pulsation at the margins of the sinus may
sometimes be observed in the living animal.

In view of these remarkable characters of the sexual system,

the Melanians (the American species, at least,) must be separated

from the ordinary Ctenobranchiate Gasteropods as a group of far

more than family importance; for by the entire absence of an

intromittent organ in the male, which must be connected with a

very peculiar, and as yet unknown, method of impregnation,

they diverge greatly from the other families of the group, and

approach the Cyelobranchiata. Von Siebold indeed proposed to

divide the entire order of Prosobranchiata into two b<

one of which the copulatory organs are wanting (Cvcl<

ata, Scutibranchiata, (Cuv.) Tui A Cirrobran-

other they are highly developed.
13 Such a

subdivision is, however, forbidden by the affinities shown by tha

sum of all the other characters of the animals under considera-

tion, while at the same time the character so prominently brought

forward by von Siebold has undoubtedly sufficient import^-
~~

anchiata into two groups, tounaea upon it.

The only family of Ctenobranchiates in which the absence

a male organ has previously been known to occur, is that of

to suggest the propriety of dividing the Tamioglossate Cteno-

branchia
>nly family o

previously been kn

the Vermetida?, which have been recently made the subject of

anatomical investigation by Lucaze-Duthiers. As these are

»ile animals, each individual being glued to its place upon

le foreign body, and therefore unable to seek out a mate, an

•omittent organ would be entirely useless to the male. Cuvier,

zoning a priori, deduced from this fact of their sessile habits

ntertained by him, namely, that they mu-" L"

tly seps

under the 1

ichiata. But the circumstance of sessile life is in

reality not inconsistent with separation of the sexes. There is

no difficulty in conceiving that the impregnation may take place

in the way"which is known to occur in the Lamelli!

the spermatic particles reaching the ovarv of the female through

the medium of the water, into which they are discharged by the

male. In our freely-moving Melanians, however, such a mode

of impregnation is quite unnecessary ; it is far more probable

" Verg. Anat der wirbellosen Thiere, 1848.
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that some direct connection takes place between the sexes ; and
it is highly desirable that this subject should be carefully inves-
tigated, at the proper season, by those who have opportunity of
doing so.

These two groups, the (American) Melani®" and the Vermeti,
the characters of which are now known, evidently constitute a
distinct tribe of Ctenobranchiates, for which 1 would propose
the name Anandria. Their lingual dentition is of the same type
(3, 1, 3), though differing considerably in details. And it is

not improbable that the Turritellid;e and some of the Cerithia
must be referred to the same tribe, although I confess that the
suggestion is based upon the examination of a limited number
01 iuilividi ils pn served in spirits. My opinion with regard to
the Turritellidse is strengthened by the remark of Forbes and
Hanley in their description of this "family,

16
that "the sexes are

probably united;" an idea perhaps founded upon the absence of
a copulatory organ in the male. And in Kiener's figure of the
soft parts ol ita Lam.," there is represented a
sinus in the side of the body and foot somewhat like that of the
female Melanian.

I regret that I have nothing further to offer upon a subject of
so much interest, and that materials are not now at hand for

pursuing its investigation. Before closing, however, it will be
proper to pass in review what has already been written upon
the soft parts of our American Melanians, in order to substan-
tiate the statements in the quotation and remarks at the head of
this paper, which some may be inclined to regard as somewhat
sweeping.

The first published description which I have been able to find
of any species of the group under consideration, is by Professor

. the well-known author of the beautiful work on
our fresh-water univalve mollusca, entitled, " A Monograph of
the Limniades." In a paper " On the Melanians of Lamarck,""
he describe- a of Say, as follows : "Animal
with a truncated proboscidtiform head/bearing two annulated
tentacles, upon an enlargement of the outside basal portion of
which the eyes are situated, but never beyond the middle of the
tentacle; the mouth is. provided with a double row of file-like

teeth on each side ; the foot is oval, not extending beyond the
muzzle, slightly thickened, and of medium size; edge of the
mantle continuous and simple. The exposed parts are colored
with blackish upon a yellowish ground, which run transversely

B absence of copulatory orgnri- m in the same

. holic specimens.
;-'

' Kiener's » Iconographie des Coquilles vivantes ;" Tnrritelle, pi. L
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across the rostrum and tentacles. Oviparous." The main fact

of importance here brought out is that the animal is oviparous;

the statement that the eyes are never beyond the middle of the

tentacle would have been better left out, as it might lead to the

supposition that they were sometimes placed near or at the

middle, which is never the case; the mistake with regard to the

lingual teeth is quite natural, as the armature of the tongue was
little understood at that time; and the other characters i

tioned (except the colors) are common to a large number of Ros-

trifers, but the description is satisfactory as far as it goes. In

his subsequent remarks in the same paper, Prof. H. considei

Anculosa to be intermediate between Mtlania and M
and to be distinct from Mtlania virginica in the small size and
discoidal shape of its foot. But, though the foot may assume
this shape when contracted in the act of adhering to a rock in

a strong current, it is not dissimilar to that of M. virginica in

its normal shape, though undoubtedly somewhat shorter. On
the other hand, the approximation of Anculosa to Melanopsis is

erroneous, as the typical fresh-water forms of the latter group
appear to have the foot prolonged anteriorly beyond the tip of

the rostrum,—a character never seen in the true IA

The Melanopsis-group seems to be but little understood ; some
of the forms referred to it (the Clionelke)™ as I have recently

discovered, are marine, and closely allied to the Pleurotomidse,
particularly to Clavatula.

The next notice on the structure of these animals occurs in

Professor Baird's translation of the " Iconographic Encyclo-
pedia," (New York, 1851), article M ' .- .. \. . n, p. 82, from
the pen of Prof. Haldeman. In this work the Melaniidte consti-

tute the first family of the Ctenobranchiata, which is thus char-

acterized: "The mantle is simple, without fringe or siphon ; the

head ends in a short trunk, and the food is vegetable, chiefly

decaying Algae." The family is made to include Melania, Litto-

riw./., I' ','.'-. E 'ma, Paludina, Amnicola, Valvata, Ampulla-
r'vXy Leptoxis, Mdanopsis, Io, and (doubtfully) Scalaria ;

19 thus

uniting La miens, and adding a

few genera from various other families. The rather comprehen-
sive character of this " family," as understood by Prof. Haldeman,
seems to depend upon the entirely unwarrantable dependence
placed upon the ornamentation of the mantle edge, as a character

of importance for purposes of classification. But it must here

be remarked that this character, upon which Prof. H. so strongly

insists in all of his papers, is one of very slight importance, as

•

.

;

in some degree intermediate between that of Toxoglossa and Hamiglossa.
19 " The mantle of Scalaria not having been described, its place remains doubt-
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every one knows who has examined any considerable number
of molluscous forms, both in gasteropods and acephals. There
are even species in which the margin of the branch;
(perhaps the most important part of the mantle-edge) is beset
with complicated fringes in some individuals, and nearly or quite
simple in others, while every gradation between these two ex-
tremes may be found by the study of a sufficiently large number
of specimens. "Fam. 2d, Cerithiidoe," of the work under con-
sideration, is said to have "the general character of .\Mania,
except that the mantle is scolloped." There are, however,
plenty of Cerithiain which the mantle is simple-edged, and these
animals have much more intimate than have
most of the genera included in "Fam. 1. Melaniidav'

Dr. Lea, in the ninth volume of his " Observations on the
genus Unio," etc., and in minor papers published previously,
recognizing the importance of subdividing the numerically enor-
mous collection of forms commonly included under the "genus
Melania," has very properly proposed distinct generic names for
the several groups of species which are indicated by the con-
chological characters. Whether these characters are truly the
most important that can be discovered, we do not pretend to de-
cide; but there is no doubt that distinct types exist, around
which the species may be grouped, in accordance with their
affinities. That these genera run into each other, is no argument
against the necessity of their acceptance, for the same may be
said of very many genera in all classes of the animal kingdom,
especially when we study the remains of their representatives
m geological times. Dr. Lea, has, however, erroneously included
the genus Amm'cola in his family Melaniidae.

10 That genus be-
longs to an entirely different group, nearly allied to the Eissoidae,
(if not, indeed, belonging to that family); the intromittent
organ in the male being distinctly exscrted.

The next-published observations upon the soft parts of Amer-
ican Melanians are those of Dr. Lewis,

21 who describes M. subu-
laris Lea, and M. exilis Hald. The descriptions are confined to
the colors and other characters to be observed in that part of the

bich is protruded from the shell in progression. It is

interesting to notice that Dr. L. has observed the sinus in the
side of the body of the female, although he has entirely misin-

terpreted its nature, and considered it a specific character. Thus
he distinguishes the two species by "the presence of a sinus or
fold in the sides of the foot and neck of M. siibularis, and its

absence in M. exilis." It is, therefore, evident that Dr. L. had
before him the female of the former species and the male of the
latter.

10
Observations on the gt t B62), p. 40.

51
Proceedings i 1S62, p. 588.

Am. Jour. Sci.-Second Series, Vol. XXXVIII, No. 112.-Jclt, 1864.
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At a meeting of the Academy of Natural Sciences of Phila-

delphia, in February, 1863," Dr. Lea "read part of a letter from

I>r.' I., .vis, of Mohawk, New York, in which he said that he was

gratified with one thing, which was not apparent to him a: first.

In his notes on Melama subularis Lea, and M. exilis Hald., two

species of his neighborhood, he finds an evident confirmation of

Mr. Lea's views about Trypanosoma and Goniobasis, to which

two sections of Melaniidse the two species belong. The soft

parts affirm the correctness of Mr. Lea's generalizations from the

shells. Dr. Lewis thinks the sinus in the sides of subularis is

peculiar, and will be found in the whole group of Trypanosoma

and the grai in the whole group of <j

We have here a proposition to consider the lateral sinus, which

is now demonstrated to be a sexual difference, as a generic char-

acter. This simply shows how necessary it is to become ac-

quainted with the general structure of the animals we investi-

gate, before studying their generic and specific relations.

In connection with the subject of the relations of this sums,

it may be i

lisbed in 1861," gives ;

I,j , I<u in {!' ' ;' l. stati i tl at tl - ••
. tit- in this species

are "ident; d in the paper in the

Proceedings of the Academy of Natural Sciences of Philadelphia

above cited, he gives a detailed account of his reasons for refer-

ring the species to the neighborhood of Melania, basing them
chiefly upon the similarity in the movements of the animal, and

in '• the expansions and contractions of the foot in progressing."

Dr. L. was here probably misled by the resemblance of certain

sinuses in the sides of the foot of Pomatiopsis lapidaria, to that

seen in the females of the Melanians. But the sinuses in the

Pomatiopsis are of an entirely different character, having no re-

lation to the sexual system, and being the result of a peculiar

arrangement of the muscles, by which the "looping" method of

progression on dry land, characteristic of that animal, is effected;

and they occur on both sides of the body, and exist, of course,

in both sexes.

We now come to the paper of Mr. Theodore Gill.

in the Proceedings of the Philadelphia Academy of Natural

Sciences for 1863. This writer (1. c, p. 34) alludes only inci-

dentally to the Melanians, following his predecessors in consider-

ing them to form a distinct family, which he has, however, re-

stricted in a far more natural manner than had been previously

done, as he excludes several incongruous forms formerly referred

to it. He has also for the first time separated the American
from the Old-World Melanians; saying, "The Ann;
niidse form a peculiar sub-family, Ceriphasiinae," and (note under

' proctec-n.t
'

:

-t.. viii, 255.
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Amnicolida?) " The American Melaniida?, so far as I know, have
not a fringed mantle, and consequently belong to
group."

Finally, we have the recent paper of Professor Haldeman,
"On Strepomatidas as a name for

usually confounded with Melania." " Prof. II. here says that
he had formerly "proposed, in accordance with the position as-

uarok to his family Melaniens, to restrict the name
1 the American group," and that "it must not be for-

gotten that Lamarck's family of Melaniens includes the three
i Pirena; and that from its posi-

tion in his system, and the structure of the European Mdmof*
sides [opides], he would not have included the species (like the

Melania amarula, or the African Pirena aurita,) with a
festooned mantle, which have gradually become the represent-
atives of 'Melania' from the accidental circumstance that the
Mollusc was first described from them. The fact that Lamarck
commences his series with the large oriental species, is of little

value, as he commences the genus Planorbis with cornuarietis, a
discoid AmpuUaria:' But I have searched in vain through Prof.
Haldeman's previous papers for a proposition to separate the
American from the o; tod I must confess my-
self entirely at a loss to understand his allusion to Lamarck's
views. That author says nothing about the character of the
mantle-margin, either in Ins - Xyw-v-j-."' or in his •• Animaux sans
Vertebres;" nor does he base his classification, either in the higher
or the lower divisions, upon such a character, which could not
therefore ba _ nment of the family to a position,

even if it had been known to him. The preceding family in
the " Animm and some of the succeeding fam-
ilies, have son •-;;„ s a iVinired mantle and sometimes a simple
one. And Lamarck does not commence his series with the large
oriental species, but with two American species." Also, La-
marck's reference of cornuarittis to Planorbis has no bearing
upon this subject, since the genus was not founded by him, but
was used long previous for the true air-breathing Planorbes by
0. F. Muller and other binomial writers.

Another quotation from Prof. Haldeman's paper :
" Europeans

are averse to giving up the name" for the oriental group; and
natter of little scientific importance, if t\\Q families are

ecognized, I now reluctantly yield it to the oriental

consequently withdraw the American species from
it." * With regard to this point, it may be remarked that the
restriction of the name to the old-world species is a matter not of

* Proceedings of the Acad. Nat. Sci. of Philadelphia, 1863, p. 273.
" M. atperutou

I
1822), 164.

properly
,

form, and
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opinion, but of necessity; since the type of Melania Lamarc,
and indeed the only species mentioned by that author when he

established the genus,
2S

is the Helix amarula of Linnaeus, an old-

world Melanian.

I trust that it is unnecessary to reiterate here that the char-

acter of the margin of the mantle, whether fimbriated or not

fimbriated, though made a family or a sab-family character by
Haldeman and Gill, respectively, is of the slightest possible im-

portance in comparison with others easily discoverable upon

patient observation. That the old-world Melanians are distinct

as a sub family from the American forms, I do not deny. But

the truly important distinction consists in this: the old-world

species are ovo-viviparous, like Paludina (Viviparus), while the

American species are oviparous. Woodward, 2
" H. and A. Adams,'"

and Carpenter,
31

all state that the species of the Melaniidse are

N sometimes viviparous," but do not attempt to establish a dis-

tinction on this account between the American and the old-world

or do they inform us in what geographical area their

has been observed. I am inclifted to consider the

old-world group as ovo-viviparous, from having found it to be

the case in all of the species of that group accessible to me,"

while all observations which have been made upon the Ameri-

can species lead to prove them to be oviparous.

Prof. Haldeman, in referring to the paper of Mr. Gill (above

quoted), remarks that Mr. G. "there includes the Melaniidse in

his ' Synopsis of the families of Pectinibranchiates represented in

the fresh-water streams of North America,' although he admits

(note under Amnicolidse) that they 'have not a fringed mantle,

and consequently belong to a different group' from the 'true

How, then, can they be Melaniidae? Of this group

he forms 'a peculiar swi-family, Ceraphasiincz? From his hetero-

geneous Melaniida3 he rejects certain forms, including Mekwopsis

and Pirena, (probably P. atra (Linn.) and P. fluminea (Gmel.,) )

ily Melanopidae (am Melanopina?),

to which his Cera (Ceri-?)phasiina3 should belong, as Melanopsis

seems to have a simple mantle." " But it is plain that Mr, wllj

in saving that the American Melanians belong to a different

group from the old-world species, did not mean that they belong

TO Mem. de la Soc. d'Hist. Nat. de Paris, Prairial an vii (1199), p. 15, and Systeme

des Annnaux -.• < verr. '--.( 1801 ), p. 91.
»• Manual of the Mollusca, p. 130.
*° Genera of Recent Moiiu-ca. i, 594.

** I have n raining any of the animals of this group
'

'
'

mals with four- to six-wborled shells about one eighth of an inch in length.
83 Loc. tupra eit., p. 214.
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to a different family, as he distinctly states that they i

:mlyonly;. and he was quite right in considering the
of the mantle as not of sufficient importance to form a
ifference. Indeed, it is doubtful whether this could be

considered as of sub-family importance, were it not &
with the far more important character of ovo-viviparity alluded
to above. The family Melaniidae of Mr. Gill is far from being
"heterogeneous;" it was indeed so well restricted, even upon the
meagre data then at hand, that subsequent investigations do not

its. Whether Mr. Gill's family
" Melanopidae " is sufficiently distinct in "the projecting foot of
the animal and the notch in the aperture of its shell," " remains
to be determined by future investigation. But, in any case, it

would be quite unscientific to approximate this group to the
American Melanians, on account of their simple pallial margin.

specimen of the

Art. VI—The original accounts of the displays in former times of
the Xovanbtr Star-Shower; together wit)h a determination of the

length of its cycle, its annual period, and the probable orbit of the

group of bodies around the sun; by H. A. Newton.

In the last volume of this Journal (pp. 377-389) were given
the accounts of displays of the November star-shower on thirteen

different years, from A. D. 902, to A. D. 1833. From them may
be obtained some important conclusions.

1. The length of the annual period,—The middle of the first

display may be considered as Oct. 13th, A. D. 902, at 5 o'clock,

A. M., Italian time. The same hour, New Haven time, may be
taken for the middle of the last shower, Nov. 13th, A. D. 1833,
or in old style, Nov. 1st. Between these two dates were 931
years, of which (in old style) 233 were leap years. There are 19
odd days, and six hours are to be added for the difference of
longitude. This interval contains 931 periods. Hence, one
period is 365 + (233 4-1 271 days.

2. The length of the cycle.—A glaijs«%at the dates shows that
there is a cycle of about one-third of a century, and that during
a period of two or three years at the end of each cycle we may
M

Gill, loc. cit., p. 34. The Clionella, as stated in a previous t

Paper, should be rejected from this group, being r '
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expect a shower. The two showers in A. D. 1832, and 1833,

indicate that the latter was toward the close of this short period.

In like manner, the two showers in A. D. 902 and 934, being

only 32 years apart, belong evidently, the former toward the

close of the period, and the latter toward its beginning. The
two years A. D. 902, and A. D. 1833, occupy then, approxi-

mately, corresponding places in the cycle. The interval, divided

by 28, gives 3325 years for the length of one cycle.

3. Various facts respecting these showers are shown bv the

following table. The first column contains the number of the

display as given in the earlier part of this article, the second the

year, and the third the day and hour of what I consider the his-

toric date of the shower. The hour is somewhat arbitrary. I

have assumed that the maxima of the displays recorded in the

European annals were 5 o'clock, a. m., Paris time, or 17 hours

from the preceding noon. This of course may involve an error

of some hours, which is to be borne in mind in considering the

remainders in another column. For the showers taken from the

Chinese records, seven hours are subtracted from the seventeen

to allow for the difference of longitude ; and for the two Ameri-
can showers, four and five hours are added. No. 8 was observed
both in Europe and China, and No. 6 at Baghdad. Hence, three

hours are taken from each date. The shower of 1832 was
mainly east of Paris, and one hour is therefore subtracted.

In the fourth column is the earth's longitude at each date,

computed by LeVerrier's tables {Annates de V Observatoire, iv,

102-206). These longitudes are approximately represented by
the formula a - nt, where a, is 51° 17''7, n is l'-711, and t is the

number of years from the time of the shower to Jan. 1st, A. D.

1850. These values of a — nt are given in the fifth column.
Subtracting them from the corresponding longitudes in the fourth

column, gives the remainders in the sixth column.

We may suppose a cycle to begin midway between the dis-

plays of November, 1832, and November, 1833. If the begin-

ning of a year be reckoned from the day of the shower, the

beginning of the cycle may be written 1832-50. Subtracting

now from this date multiples of 33-25 years, we have the num-
bers in the seventh column for the dates of the beginning of the

cycles. Subtracting now these from the years given in the sec-

ond column, and we have the remainders in the eighth c

Each remainder represents evidently the number of years from

"he beginning of the cycle to the time of the shower.
The last column contains the sum of the perturbations of the

earth's distance from the sun, caused by the moon and planets,

computed by the tables of Le Verrier. The unit is the seventh
decimal of the sun's mean distance, and represents about 9*5

miles.
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^ AD. Day and hour. Longilude. I,,,-,- End of eye. Dirt-. .Wb

1 902 Oct. 12 17 24 16-6 24 18 1 - |'-B 901-50 + -60 _o. S

1
931

13 17 -

26 44-8 27 92
IS 93475

+ -75

+ 497

I

llnl

18 11 :!,:J 82 6l'-4 -25-'.» 12« '0-7;. +622

I lis 24 14

:;7 Iv-y

42 17-8 -Crt-1

1367-00 -|-M,

-48
+ 3-0 l

;..••.. 7;. -381
Nov. 8 17

12 IS
11 21 60 16

50 49-0 50 49-4 : o'l : ^ l
1

^
_

13
_

1S33 12 22 50 495 50 511 - 1-6 1>;';3 r,.j + -50 + 316

4. Tta »n motion abng the ecliptic of the node of the orbit of
the group.—The mean longitudes of the node are approximately
represented by the numbers in the fifth column. Hence, the
coefficient l'-7ll, by which these numbers were obtained, repre-

sents the annual procession of the node along the ecliptic, longi-

tude being reckoned from the mean equinox. The remainders
in the sixth column represent the distances of the earth from
the mean positions of the node at the times represented in the
second and third columns. These may be changed into time by
allowing 2'*5 for each hour. Errors of the assumed historic

dates are of course included in these remainders.
5. The length of the part of a cycle during which showers may

be expected.—The remainders in the eighth column of the table
show that the display in A. D. 1366 was one year before the be-

ginning of the cycle, as above determined, while that of A. D.
I2u2 was a year and a quarter after it. Both were extraordinary
showers. Hence the length of that part of the cycle during

. occur, is at least 2-25 years.

The minor displays, Nos. 2, 9, and 10, indicate that unusual
numbers of shooting stars, sufficient to attract attention, may be
seen through a period of five or six years, at least.

6. Does a ring around the sun, of m :'•:: m -/ si'?/ through its

circuit, pr f lif- group?— I think not. It
is not absurd to suppose that the earth passes very near to a ring
of bodies, and that by the action of the planets and moon on
the earth and the ring, we are sometimes thrown into it, and
sometimes pass by without meeting it. Let us see whether this

is probable.
If the planetary and lunar perturbations of the earth's radius

vector were at the time of the showers always very large, and of
the same sign, it would suggest the existence of a ring passing
at the node, just outside, or just inside, of the earth's orbit. But
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the last column of the table shows no regularity. On the con-

trary, while the sum of the maxima of all the plus perturbations

of the radius vector is 884, and that of the minus perturbations

is 958, we have two remarkable showers occurring, one in A. D.

1202, when the increase was 622, and one in A. D. 1366, when
the decrease was 621. If then a uniform ring, crossing the

ecliptic just inside or just outside of the earth's orbit, be sup-

posed, the cause of the periodicity cannot be the perturbations

of the earth's radius vector. The greatest possible perturbation

in either direction being only about 9000 miles, it is highly im-

probable that the earthpasses sometimes inside and sometimes

outside of a thin ring.

We might however suppose that the ring sways back and

forth, and°thus produces the periodicity. The mean motion of

the bodies of the ring and its eccentricity are unknown, and

hence we cannot speak positively of its irregularities. But it is

probable that its radius vector would not suffer larger perturba-

tions than that of the earth. The lunar action is wanting, while

the earth ought to work the same effect each year. The motion

is retrograde, as will be shown, hence the action of the planets

ought to be less. On the other hand, there is needed a very

large action, sufficient to entirely mask the irregular perturba-

tions of the earth's radius vector.

A revolution of the apse of the ring in 33*25, or even in 66'5

years, could explain the periodicity, but this motion would be

enormously greater than those usual in the planetary system.

The supposition of a ring of uniform density through its circuit

seems then very improbable.

7. The appearance of meteors in rather more than usual num-
bers on the 13th and 14th of November of other years of the

cycle than the two or three near its beginning, suggests however

a ring of some kind as the true form of the group. The proba-

bility of this shape is strengthened by the analogy of the August

meteors, whose regular recurrence seems to imply that that

group is a ring.

We may indeed suppose a globular group, whose mean motion

is exactly that of the earth, and that perturbations in longitude

produce the periodicity. But what planets, acting on a body

whose periodic time is exactly one year, can cause a large equa-

tion of longitude, having a period of 33 25 years?

8. If the group is a ring, it has then, in all probability, very

unequal dens kit. We pierce through it every

year, and each time in a new place. It is only in those parts of

the ring that are at the node with us near the end of the cycle,

that we meet with very large numbers of shooting stars. The
most natural supposition is that there is a small section of the

ring where the bodies are numerous, a few stragglers being scat-
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tered along the rest of its circuit. In short, we are to conceive
the group as a cloud of small bodies, extending along the arc of
an ellipse whose focus is the sun, that arc being the base of a
sector equal to one-tenth, or one-fifteenth, of the ellipse. In this

limited portion, however, there may be great inequalities, or
even discontinuity.

9. If the motion of a body in an orbit inclined a few degrees
to the ecliptic is retrograde, the longitude will evidently increase

with the time. If the motion is direct, the longitude of the

nodes will decrease as time increases. The motion of the group of
bodies to which the November meteors belong, is therefore retrograde.

10. Let NABC represent the orbit of
the group, cutting the ecliptic in N.

"

Let the earth pass through the middle ^_ „

of the group on a certain year. One
year later, the centre of the group will

not be at N, but at some other point, as

A, or K, having perhaps meanwhile de* °f

scribed one or two revolutions. On .'
]

'

the distances NA, AB, BO, &c., being X^__^/
arcs of the orbit described in equal
times. The length of the group must be at least two and one-
fourth times the distance NA, since a shower may occur during
a period of at least two and one-fourth years;

Now it is evident that NA is
3 3I3 jth part of the whole orbit

For, after a complete cycle, the group must be near N when the
earth is there; and the series of points A, B, C, &c., cannot go
more than once around the orbit in one cycle without causing
more than one period in each 33"25 years.

11. The number of complete revolutions in a year cannot ex-

ceed two. For an orbit whose periodic time is •£ has a major

axis
2(-J)*, which is less than unity, or less than the distance from

the sun to the earth. In one year, then, the group must describe
either 2 ± ^jU-. or 1 ± TTS^, or ^^\j revolutions.

12. These
3

five velocil tally probable. Some
of the members of the group that visited us last November
gave us the means of locating approximately the central point
of the regie paths diverge. Mr. G. A. Nolen
has, by grai ecially devised for the purpose,
found its longitude to be 142°, and its latitude 8° 30'. This Ion-

gitude is very nearly that of the point in the ecliptic toward
which the earth is moving. Hence, the point from which the
absolute motion of the bodies is directed (being in a great circle

through the other two points), has the same longitude. The ab-
Am. Jocr. Scr.-SECOND Skrts*, Vol. XXXVIII, No. 112.-Jclt, 1804.
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solute motion of each meteor, then, is directed very nearly at

right angles to a line from it to the sun, the deviation being
probably not more than two or three degrees.

Now if in one year the group makes 2 ± ^^j revolutions,

there is only a small portion of the orbit near the aphelion which
fulfils the above condition. In like manner, if the periodic

time is 33 25 years, only a small portion of the orbit near the

perihelion fulfils it. On the other hand, if the annual motion is

ld=
3 3)3 s revolutions, the required condition is answered through

a large part of the orbit. Inasmuch as no reason appears why
the earth should meet a group near its apsides rather than else-

where, we must regard it as more probable that the group makes
in one year either 1 -f- jj'^, or 1— 33.V3- revolutions.

13. If either of these two mean motions are correct, the absolute

velocity of the meteors will be very nearly equal to that of the

earth. Hence, the inclination of the ring to the ecliptic will be

about twice the latitude of the radiant, or 17°, the motion being,

as before shown (9), retrograde.

14. Let AB be the earth's path near the node 2

N of the orbit of the group, and let CD be the
c

orbit of the group. Let the directions of the x^T^
motions be from A to B, and from C to D. It a jk^
is reasonable to suppose that the shape of a <^
section of the group made by a plane tangent

to the two orbits, will be an oval. Also, a curve in that section

representing parts of the group of equal density, will be an oval.

If now the group has not arrived at N when the earth is there,

the maximum display of meteors is to be expected later in the

year, that is, when the earth is at m. On the contrary, if the

group has passed the node before the earth reaches it, the maxi-
mum display is to be expected earlier in the year.

Now if the group makes 1 + y^yj revolutions in a year, its

positions on successive years will pass from C toward D. Hence,
, in the earlier part of the two or three years during

which a shower is to be expected, the display would be later in

the year than usual, and conversely.

On the other hand, if the group describes 1 — W.-gj revolu-

tions in a year, its position on successive 3'ears will pass from
D to C, and hence in the earlier part of the two or three years

the display is to be expected earlier than usual, and conversely.

By the former of these two suppositions, we ought evidently

to have the sign of each remainder in the sixth column unlike

that of the corresponding remainder in the eighth column. By
the second supposition the signs should be alike. It ought
rather to be . tendency to produce these effects,

.:h column contains unavoidable errors resulting from
the inexact historic dates. An examination of the two columns
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shows a decided tendency toward opposition of sign of the re-
mainders, and hence the first must be considered as the more
probable velocity. This opposition of signs and its significance
was pointed out to me by Mr. J. W. Gibbs, to whom I am in-
debted for other valuable suggestions.

15. If the annual motion of the group is 1 4-
F/¥j revolu-

tions, we may determine the orbit. Between the shower of
A. D. 902, and that of A. D. 1833, were 365 X 931+233+ 19-25,
that ,s 340067-25 days. During this time the group has made
vol +28 revolutions, excepting a small fraction of one revolu-
tion to be determined from the procession. The pr
26° 33', of which 12° 58' is due to the precession of the equinoxes.
The remainder is to be reduced to the plane of the orbit, and
regarded as described with a radius vector greater than the mean
distance. Hence it may be called ^th of a revolution. The
time of a sidereal revolution of the group around the sun is,

then, 340067-25 + 958 96, or 354-621 days.
16. The accuracy of this periodic time is worthy of notice.

-The principal uncertainty arises from the assumption' ri'j that the
shower of A. D. 902 occupies the same place in the eve!e us that
of A. D. 1833 ; in other words, that the earth passes through the
same part of the group in those two years. An examination of
the remainders in the eighth column of the table leads me to
believe that the probable error of this supposition would be less
than one year. Now if this error was one year, plus or minus,

the periodic time would be
34Q06

^^J^iil
;
or 354^21^-011

days. This error of the periodic
minutes. There is a similar acct
We periodic times.
The cause of this accuracy is evident. The periodic times of

the group and of the earth are like the two divisions of an im-
mense vernier, extendi lousand years, and we
measure from the twenty-ninth coincidence.

17. Each body of the group must have its own elliptic orbit
about the sun, thia orbit being, of course, slightly modified by
the action of the rest of the group. The major axes of all these

3e the bodies would soon scatter

s along the whole circuit of the ring, and there would
he a display every year. A very slight deviation from a common
velocity might be corrected by the attraction of the group.

18. The elements oj the mean of these orbits.—The semi-major

axis is evidently \ !£ll
6B I $ or 0-98049, the mean distance of

the earth being unity. The earth's radius vector, at the time of
a shower, represented below by r, is 98887. The velocities of
the earth, and of any member of the group, are represented
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(Laplace, Mec. Cel, i, 190) by the formula /* -
^f,

"s. These are, respectively,
"

velocity being unity. The
>y the formula (Mec. Cel, p.

o(l-**):a:r»8in?* |^1 L

the semi-major axis. These are, respectively, 1*0112 and 1-0013,

the earth's mean velocity being unity. The eccentricity of an
orbit is obtained by the formula (Mec. Cel, p. 191),

The value of <• is not well known, but its mean value does not

probably (12) differ more than two or three degrees from a right

angle. We may then consider sine as unity. The fraction

—:— is -00853. IJence, if we take the base of a triangle equal

to "00353, and the perpendicular equal to cos,e, the hypotenuse
will be equal to the mean value of the eccentricity. The ring

is then nearly circular. Its inclination is, as before stated, about
17° ; that is, twice the latitude of the radiant.

19. The velocity with which these bodies enter the atmos-
phere, is easily computed.. Allowing for the earth's attraction,

It is about 20-17 English miles per second, or 32-44 kilometers,
considering the earth's mean distance 95,000,000 miles.

20. The length of the group, as it is at least one.fifteenth of
the length of the orbit, must be more than 40,000,000 of miles.

If a shower lasts five hours, the thickness of the ring would be
the distance passed over by the earth in that time multiplied by
the sine of the inclination of the orbit, or more than 100,000
miles.

21. Since the periodic time is limited to five possible values,

each capable of an accurate det therefore

from the position of the radiant the indin ition of the orbit can
be found, it seems possible to compute the secular motion of the

node for each periodic time with considerable accuracy. Since

now the actual motion of the node is known, we have thus an
apparently simple method of deciding which of the five periods

is the correct one.

22. It may be well to indicate those parts of the earth in

which we have most reason to look for unusual numbers of me-
teors in coming vears. The annual period being 365-271 days,

the excess over even days is 0-271. This multiplied by 31 gives
8-401 days. The excess over eight days corresponds to about
144° of longitude. If, then, a shower occurs in A. D. 1864 (31
years after 1833), it seems most reasonable to look for its great-

est display (on the morning of Nov. 14th) 144° west of our At-
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Ian tic States, that is, in the western part of the Pacific Ocean and
in Australia. In 1865, it may be looked for as -entral l»7

3
farther

west, or in western Asia and eastern Europe; and in 1866, on
the western Atlantic.

The year in which we have most reason to expect a shower,
is 1866, since the cycle of 33-25 years is probably to be reck-
oned from some date between November in 1832, and in 1833,
These places and times are named with hesitation—rather to

guide observation, than as predictions. The causes alluded to
above (14), and the possible perturbations and irregularities of
structure of the group, may cause unexpected
and place.

Art. VII. -On Molecular Physics; by Prof. W. A. Norton.

_
It is proposed, in the present paper, to give a general exposi-

tion of a Physical Theory of Molecular phenomena, based upon
the highest generalizations, and the most reliable physical con-

ceptions to which the progress of science has hitherto conducted.'
A theory, so comprehensive in its scope, can be completely sub-

tg a thorough discussion of the
minute details of special phenomena in the several departments
of physical science, and subjecting it at all practicable points
to the rigid test of numerical calculation. But before any de*

tailed discussions can be entered upon, we must deduce from
the fundamental conceptions adopted the general principles of

molecular action, or the laws of the molecular forces, note the

characteristic features of the different provinces into which the

entire field of research is naturally divided, and trace out the

general relations which tliev bear to each other, or, in other

words, recognize the mutual dependence and essential correlation

of special physical forces.

The established truths and generally received ideas, which
form the basis of the theory, are as follows

:

1. All the phenomena of material nature result from the action

of force upon matter.
2. Ail the forces in operation in nature are traceable to two

primary force?, viz: attracti m and repulsion.

3. All bodies of matter consist of separate indivisible parts,

called atoms, each of which is conceived to be spherical in form.

4. Matter exists in three different forms, essentially different

from each other. These are : (1) ordinary, or gross matter, of

1 The principal features of the general theory here propounded, have, with few er-

:. advocated by the author before the Connecticut Academy of Arts and
Sciences, at various meetings of the Academy during the last six years.



62 W. A. Norton on Molecular Physics.

which all bodies of matter directly detected by our senses either

wholly, or chiefly consist. (2) A subtile fluid, or ether, associated

with ordinary matter, by the intervention of which all electrical

phenomena originate, or are produced. This t 'n ether, as it

may be termed, is attracted by ordinary matter, while its indi-

vidual atoms repel each other. (3) A still more subtile form of

ether, which pervades all space and the insterstices between

bodies. This is the medium by which light is propa-

gated, and is called the luminiferous ether, or the universal ether.

The atoms, or " atomettes," of this ether mutually repel each

other; and it is attracted by ordinary matter, and is conse-

quently more dense in the interior of bodies than in free space.

5. Heat, in all its recognized actions upon matter, manifests

itself as a force of repulsion.

The corner stone of a physical theory of molecular phenom-

ena must consist in the conception that is formed of the essential

>ii of a single molecule ; understanding by a molecule

an atom of ordinary matter indued with the properties and in-

vested with the arrangements which enable it to exert forces of

attraction and repulsion upon other molecules. In seeking for

this, the most philosophical course that can be pursued is to fol-

low out to their legitimate conclusions the general principles

already laid down. We have admitted the existence of a subtile

ether, attracted by all bodies, and pervading their interstices

;

now if bodies attract this ether, the atoms of which they are

composed must exert an attractive action upon it. Every atom

must, therefore, be surrounded with an ethereal atmosphere, con-

densed upon its surface, and extending indefinitely outward,

Again, it is conceded that the electric ether, or fluid, if it exists,

must be attracted by ordinary matter; but if this attraction

subsists, it must be exerted by the individual atoms, and there-

fore every atom must also be surrounded with an atmosphere of

electric ether—an electric atmosphere, as it may be termed. We
mu>t suppose that the interstices between the atoms of this elec-

phere will be pervaded by the more subtile ethereal

atmosphere. We are thus led to conceive of a molecule us con-

sisting of an atom surrounded with two atmospheres, ethereal

and electric—the former being the more attenuated, and perva-

ding the other. We may suppose either that these two etaera

exercise no direct action upon each other, or, what is more prob-

able, that the . !< tru- at. ins iftr; - th. « ttim.i ,
and are there-

fore surrounded, like the central atoms of the moke
ethereal atmospheres. To this supposed fact we may attribute

the mutual repulsion subsisting between the electric atoms; and

thus restrict the fundamental property of repulsion to the atoms

of the universal ether.

The conception here formed of a molecule involves the idea



of the operation of the two forces of attraction and repulsion
;

a force of attraction is exerted bj the atom upon each of the
two atmospheres surrounding it, and a force of mutual repulsion
between the atoms of each atmosphere. These we regard as the

;'>rces of nature, from which all known forces are de-
rived. They determine, primarily, the physical relations of the

that may result from their operation, there arc two dilf.-rent

routes that may be taken. "We may conceive that the atmos-
pheres surrounding each atom are, naturally, in a condition of
statical equilibrium, and that the primary lorees with which the
molecule is invested take effect at all distances, without the in-

tervention of any medium, and unobstructedly through all in-

tervening matter; or we may conceive the natural equilibrium
of the molecular atmospheres to be a dynamical one, and that,

as a necessary consequence, recurring impulses, both attractive
and repulsive, are propagated outward by the surrounding ether,
from each molecule, and take effect upon other molecules. Here,
as before, we shall follow the indications of existing science,
which, as will be generally conceded, point to a dynai
gin of the molecular forces. The ideas we have thus been led
to form with regard to the real nature and mode of action of
these forces, are as follows

:

The molecular forces consist of—
1. A repulsive action of the electric atmosphere of a molecule

exerted, primarily, upon the electric ether immediately exterior
to it. This force of repulsion is made up of recurring impulses,
which are propagated in waves through the circumambient elec-

tric ether. These impulses fall upon the electric atmospheres of
contiguous molecules, are thence propagated down to the surfaces
of the central atoms, and take effect upon these as a force of re-

pulsion.

2. An attractive action exerted by the central atom of the
molecule upon the electric ether surrounding it : originating a
series of successive contractions of this atmosphere, and thus of
inward acting impulses, which are propagated outward and form
a set of attractive waves. These are received, like the repulsive

impulses, upon the surfaces of contiguous electric atmospheres,
and propagated to the central atoms, upon which they take ef-

fect as an attractive force. The recurring contractions of the
• atmosphere, here supposed, do not necessarily imply that the
force which produces them acts by impulses, for every such con-
traction must develope a resistance, which will occasion a sub-
sequent expansion ; and, at the same time, recurring expansions
should result from the similar impulses propagated from sur-
rounding molecules. The electric atmospheres that envelop the
atoms of bodies may accordingly be in a perpetual dynamical
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condition of alternating contractions and expansions, or of alter-

nating inward and outward movements of their atoms, although
the primary forces acting upon these atoms should be continuous
in their action.

But if we confine our attention to the action of a single atom
upon its electric atmosphere, it will be seen that the expansions,

which of necessity follow the contractions, must be of less extent

than the contractions ; for a part of the contractile force is ex-

pended in impelling a portion of the universal ether compressed
upon the surface of the central atom normally outward from
this surface. To the extent that this effect takes place will the

contraction of the atmosphere exceed the expansion which im-

mediately follows it, and an effective attractive force be propa-

gated through the surrounding electric ether. We are thus led

to recognize the existence of a third molecular force, viz < a

force of repulsion originating in the attractive action exerted bj
the atom of the molecule upon its electric atmosphere.

3. A third molecular force, then, consists of a series of repul-

sive, or outward acting impulses, imparted to the nniversw
ether at the surface of the atom of a molecule by the contractile

force exerted by the atom upon its electric atmosphere. This
repulsion is equal, at its origin, to the attraction which developes
it. It is propagated in waves which, unlike the waves convey-
ing the other molecular forces, proceed through the universal

ether. These waves, if each contraction of the atmosphere were
not followed by a partial expansion, would be of the character
of "waves of translation," and would convey only outward act-

ing impulses ; they are, in fact, oscillatory waves, in which the
outward predominate over the inward acting impulses.

The force thus originating may be regarded as the primary
force of heat, and may be termed heat-repulsion. The other two
molecular forces may be designated as the forces of electric attrac-

tion and electric repulsion. But they should not be confounded
with the special electric forces that come into play whenever
the natural quantity of electric ether associated with atoms, or

present on different sides of atoms, experiences any material in-

crease or diminution—which will be considered in another con-

nection.

The molecular forces that have now been specified might be
otherwise characterized as follows: (1.) A repulsion of the on©
electric atmosphere for the other, operating through the inter-1

vention of the electric ether posited between the two. (2/) An
attraction of the gross atom of the one molecule for the electric

atmosphere of the other, also taking effect by means of the in-

tervening electric ether. (3.) A repulsion exerted by the atom
of the one molecule upon that of the other, through the inter-

vening universal ether, and originating in the attraction just
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gated in waves through the ethereal media, which take i

ultimately as attractive, or repulsive, impulses, i

atoms of' molecules. The law of diminution of
forces is that of the inverse squares.

If the ethereal, as well as the electric, atmospheres of particles,

be conceived to be in a state of dynamical < juilibrium, their

alternate contractions and expansions should originate oscilla-

tory waves that would be proj.ngnt'd indefinitely onward
through the ether of space. If we admit, with Professor Challis,

that such purely oscillatory waves, when they fall upon parti-

cles, will give rise to an attraction, or a repulsion, according to

the breadth of the waves, in comparison with the diameter of
the particles, and that the force of gravitation may be conveyed
by such waves, we have in the supposed dynamical condition of
ethereal atmospheres of particles a possible origin of waves of

n, which cannot be found, primarily, in any supposed
motion of gross atoms in an isolated condition. It should be
observed, too, that the dynamical condition of atmospheres,

really a necessary consequence of the first

rce of attraction of atoms upon f
ing ether, if the elasticity of the ether be perfect.

operation of the force of attraction of atoms upon the surround-

A different view of the possible nature and origin of the mo-
lecular forces from that which has been given, may be obtained
by changing our stand point.

We may conceive the same three forces, viz: one of attrac-

tion, and two of repulsion, to be in operation, but we may re-

place the forces of electric attraction and re]

forces propagated through the universal ether. This may be
realized as a physical conception by n-jarding the atoms of the

molecules and those of the surrounding electric ether, each en-

compassed by its ethereal atmosphere, as being, or rather their

atmosphere.;. >ndition of alternate contraction

and expansion, and thus as being centres from which proceed

oscillatory waves : and that as the result, in accordance with the

general theory so ably advocated by Professor Challis, the elec-

tric atoms of two atmospheres may repel each other, and the cen-

tral atoms which they surround may also repel each other; the

general result being that similar atoms repel, and dissimilar at-

tract. Upon this vfew the forces we have deduced from the dy-

namical state of the el Iiich must still be in

operation, must be overshadowed by those now considered.

Upon the former idea it is the forces now derived from the dy-
namical state of the ethereal atmospheres that must be overshad-
owed by the others. A discussion of phenomena can alone de-
cide which of these two general views should be adopted. In
the present memoir we shall chiefly occupy the ground first taken.
Am. Jour. Sci.-Se x o Ski XXXVIII. No. 1 12 -Jlxt, 1864.
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om the ether of space, and attempts have been made
by Cballis, Tyndall, and others, to frame a consistent dynamical
theory of molecular forces and phenomena, based upon the sup-

posed existence of only two forms of matter, viz : gross matter,

and the ether of space. The fundamental position taken by
these distinguished physicists is that the molecular forces, in-

ate particles of

Against this idea, however plausible

however admirable may be the ingenuity and skill with which
it has been sustained, many serious objections may be urged.

One or two of these may be briefly stated.

1. No possible mode of explaining the phenomena of elec-

tricity and magnetism has yet been indicated by 1"

supply its

i is that vibratory motions of gross

atoms are supposed to originate the forces by which such atoms
are primarily aggregated into masses, whereas it is essential to

the possibility of such vibrations that contiguous atoms should
exercise a mutual action upon one another,.that is, be previously
aggregated. We must suppose, then, the existence originally of
other forces, to bring isolated atoms together and make the sup-
posed forces due to vibratory motions of the atoms, possible;
that is, these latter forces become possible o

longer any farther occasion for them. We have seen that an-

other possible origin may be ascribed to such oscillatory waves
that does not involve the physical impossibility just referred to,

from which those who seek for the key to all molecular phenom-
ena in the motions of gross atoms, caii hardly escape.

3. The notion advocated by Tyndall in his admirable work
on "Heat considered as a mode of Motion," that heat and ligfet

originate in a vibratory motion of ordinary atoms, involves "the

supposition that these atoms are capable of vibrating at the
astonishing rate of six hundred trillion vibrations in a second,
-while the most rapid vibration of atoms, or of a collection of
atoms, known to take place in the production of sound, does
not exceed 24,000 per second. It may be conjectured that this

immense chasm may be spanned by the idea that the ultimate
particles of bodies are immeasurably smaller than any collec-

tion of atoms which may be simultaneously vibrating when bod-
ies emit sound ; and that since a musical string vibrates more
rapidly in proportion as it is shorter, a single particle may vi-

brate at an inconceivably rapid rate by reason of its exceeding
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ttnnuteness. But the analogy here supposed does not exist, as
" I'll -! "d 1 t, and no such inference can be drawn from it; for
the rate of vibration of the string depends upon the distance
between its two fixed points, but in no proper sense can it be
said that two particles between which another is situated, are
fixed, so as to be incapable of taking on the motion imparted to
the intermediate one. So far from this being the case, the dis-
placed particle can only vibrate by reason of the reaction of the
contiguous particles to the action which it exercises upon than :

and in receiving this action the motion must be transmitted. If'

to remove the difficulty, we conceive the particle to oscillate ft*
it it were wholly isolated, in union with an oseiilatorv wave
falling upon it, we then fall upon the second objection stated
above, and seek in vain through the universe for the vibratory
motion of atoms of ordinary matter in which this wave convey-
ing such wonderfully rapid vibrations can have originated. We,
at the same time, remove the necessary foundation for the ex-

t of a variety of special facts and phenomena, which
the assumption of special rates of vibration, proper to
cles of different bodies; as the different colors of bod-

ies, &c.

Again, if the rates of vibration of ultimate particles depend
upon the mu laced parti-
cle and those adjacent to it, the vibrations in which the heat-

aid be propagated from particle

, just as any mechanical force is; in other words, heal
should be conducted after the same manner, essentially, and at
the same rate that sound is conducted by the same medium.
By ascending to the reservoir of primary force, from which

H 1 'he different streams of force flow, as has been attempted
m this communication, we may avoid some of the difficulties

•
. rej< ction of the idea of the existence of an elec-

tric ether; and in many portions of the field of physical sci-

ence the part played by the electric ether is so similar to that
which we may suppose would be performed by the universal
ether under similar the suspicion at times

- now attributed to the former will event-
ually be found to be discharged by the latter. If so, the pro-
cesses of operation will not of necessity be changed, but only
tae agent or medium.

Admitting that the molecular forces consist of two forces of
repulsion and one of attraction, as characterized on p. 64, let us
proceed to inquire into the variations that may occur in the
effective action of two similar molecules, separated by various
intervals of distance. Let x= the distance between two molecu-
]ar atmospheres; r— the radius of either atmosphere; m= the
constant of electric repulsion, that is, the force of electric repul-
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srhen x= 1 ; and n= the constant

will also be the constant of the

equal force of repulsion propagated from the surface of the

atom through the uniyersal ether. Also let u= the force of

electric repulsion, and u= the excess of the attractive force over
the ethereal repulsion developed by the attraction ; all the forces

being considered as taking effect upon the central atom. The
effective action exerted by either molecule upon the other will

be the difference between the values of u and v. Denote it by
/{ then /=*;—«. When the calculated value of /is

bof
be repulsive. We have for the fc

expression r^y—r2- ; for the ethereal repulsi

and for the electric repulsion — . '
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itirely different origin, we have no reason to £

-m
; nor have we any means of ascertaining,



W. A. Norton on Molecular Physics. 69

grounds, their comparative values. But we can assume that
u=v, for some supposed value of x, determine the ratio of n to
m on this supposition, and calculate the values of /for various
values of x, both greater and less than that for which we have
taken /=0.
The preceding table contains the results of numerous calcula-

tions made after this manner: in which k stands for —

.

F|pm these results it appears that for values of — greater than

4-938, or thereabouts, there are two alternations of the effective

. /orce / as the distance between tht era increases

y from zero. The first is from a repulsion to an attrac-

tion
; the second is from an attraction to a repulsion. The re-

pulsion which becomes effective beyond the limit of the attraction,

at first increases, and then decreases, extending to an indefinite

distance. If the ratio, -, be less than about 4-938, the effective

action of the two molecules upon each other will be repulsive at
all distances. It will be observed also that the range of distance
within which an attractive force takes effect is greater in propor-

tion as the value of — is greater, and that this becomes reduced

nearly to zero, when this ratio is equal to 4-938; also, that in
all cases in which an effective at' :.-elf at any
distance whatever between the molecules, that is in the case of
every known solid and liquid, the effective repulsion within the
limit of thi at less distances between the
electric atmospheres of the molecules than about 3r, that is,

than once and a half the diameter of either atmosphere.
For the more accurate determination of the least value of the

ratio —, we have the following results of computation

:

For/=0, when x=3r, —=4-93827; for/=0
;
when x=2'9r,

£=4 93449; for/=0, when x=2Sr, £-=4-934409; for/=0,

when x=2-7r, —=4-93847. If then the ratio — be greater than

4*9344, the two alternations of effective molecular force above
Mentioned

\ the ratio be less than 4-9344, the
effective action of the one molecule upon the other will be re-

pulsive at all distances.
It is assumed in the foregoing calculations, that the surface of

each molecular atmosphere which receives the impulses, whether
attractive or repulsive, propagated from the other through the
intervening electric ether, may be regarded as the same as that
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from which the electric repulsion proceeds outward, but it will

be rea lily seen that they may be supposed to differ within cer-

tain limits, without vitiating the result that for certain values of

— two alternations of the effective force will subsist. The forces

nay also experience losses, to a certain extent, in their propaga-

from each other, as in the case of a particle of c

repelled by the sun, we must suppose the intervening spfce to

be occupied by the universal ether only. In such a case, theft,

both the attractive action and the electric repulsion will be want-
.

ing; and the only force remaining will be the ethereal or heat-

repulsion ; which should operate at indefinite distances, accord-

ing to the law of inverse squares. A discussion of the phenom-

ena of evolution of cometary envelopes, and of the outstreaming

of jets of nebulous matt r from particular parts of the surface

of the nucleus, must be had before we can decide how far the

electric repulsion may be in operation in the processes of ejec-

tion of cometic matter from the nucleus.
3

The general law of the variations of the force of effective

molecular action is graphically represented by the curve r, a, to,

c, n, in fig. 1. The abscissas represent the comparative distances

between the electric atmospheres of the two molecules, and the

- the intensities of the effective force corresponding to

these distances. When the ordinate lies above the axis of ab-

be force is attractive ; when it lies below, the force is re-

pulsive. The two axes are asymptotes to the curve. The curve

has been constructed from the calculated results obtained on the

supposition that/=0, when cc=5r.

There are four points, marked a, 6, c, d, to be especially noted.

a and c, where /=0, represent positions of equilibrium; a being

a position of stable, and c of unstable equilibrium. When the

atmospheres are separated by the distance Ob the attra

its maximum value, bm; and when they are at the distance OJ,

the repulsion, beyond the outer limit of the attraction, has its

maximum value, dn. In order that two particles may unite,

when influenced by their own proper forces only, the distance

given off by the body into free space, and vary in intensity, oi
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between their atmospheres must be less than Oc. But if they
are subject to an external pressure urging them toward ..

; „.'i,

other, it suffices that this pressure should exceed the
repulsion dn, at the greater d'

'

cles the force in operation
molecular

If heat be imparted to the two particles under consideration,
it will obviously tend to depress the entire curve of molecular
action, and diminish the range, ac, of the attractive force. If
the amount be continually increased, the distances between the
two positions of equilibrium, a and c, will eventually be reduced
t0 zero, and the curve thrown entirely below the axis of ab-

the effective force become a mutual repulsion at all

of distance between the particles. This would be the
tendency of the introduction of new repulsive im-

pulses into the system, even if the original forces continued in
lull operation as before; but, heat, by expanding the molecular
atmospheres, should also tend to diminish the ratio of n to m,
ana therefore to modify in a similar manner the natural curve
ot molecular action.

resent the mu

/So p\7jwhen\ body » niptned by"a

... ' ....:.. . .
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when a chemical union is formed between two different sub-
stances. But in this case a force of electric attraction not yet
considered may come into play.

The general" principle of two alternations of the effective ac-

tion of molecules, to which we have been theoretically conducted,
is distinctly recognized as a physical fact in the three different

states of aggregation of matter;—in the molecular attraction

and repulsion manifest in solids and liquids, and in the mutual
repulsion subsisting between the same particles when widely

in the vaporous condition- It will be seen hereafter

that the law of molecular action, as portrayed in the curve
shown in fig. 1, furnishes, in the probable variations of the ratio,

— , an adequate general cause for the varied results of this ac-

tion exhibited in the different properties of substances; and at

the same time reveals the probable explanation of many physical

and chemical phenomena, occurring at surfaces of contact, and
of the dependence of these phenomena upon temperature and

"

i oxydation, combustion, &c.

From the stand-point now taken
all sides. The more conspicuous of these we will proceed to

sketch, in general outline, under the several heads of the Molecu-
lar Constitution and M Heat, Light

f

i. The intimate rela-

tions subsisting between the phenomena occurring in these differ-

ent departments of Nature, and between the special agents by
which they are produced, or the "correlation of the physical
forces," will be seen to be deducible from the fundamental con-
ceptions adopted. It will be observed that all these varied phe-
nomena are but different results of the action of the primary
forces, which consists in an attraction of atoms for their atmos'
pheres, and in a mutual repulsion between the atoms of these

atmospheres ;—that they are, primarily, movements or disturb-

ances, produced in these subtile atmospheres, from which ethereal

Waves of impulses, and motions of molecules and masses, may

Molecular Constitution, and Mechanical Properties of Bodies,

Every body of matter consists of separate particles, or molecules,

in a state of equilibrium under the action of the forces proper'

to the particles, or of these in connection with extraneous forces

taking effect upon the particles. The interstices between the

molecules we conceive to be pervaded by both the e

the universal ether; having, probably, different densities in dif-

ferent substances. The state of equilibrium in which each par-

ticle of the mass subsists, implies that the effective forces acting
~i it, from opposite sides, are equal and directly opposed, or

that the effective forces of each side are equal to zero. Thea:
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different mechanical properties of different substances may be
ascribed, primarily, to differences in the value of the ratio of the

constants of electric attraction and repulsion^, in Table I);

and to a certain extent also to differences in the size of the mo-
lecular atmospheres, upon which the value of k in Table I. partly
depends. In consequence of these supposed differences in the

.value of the ratio, — , each substance should have its own special

curve of molecular action. It is natural to suppose that the
constant, n, of the force of attraction exerted by the atom upon

phere would in general increase with the mass of the
atom, and so that the force of cohesion would be greatest in
those substances whose atomic weights are the greatest. But as
we cannot affirm that the weight of an atom must necessarily
be proportional to the force of attraction exerted by it upon
its electric atmosphere, and as the constant, m, may also be
subject to variations, substances of nearly equal atomic weights
(ei g., gold, platinum, bismuth, and lead) may have different

properties.

The molecules of a substance in the solid state may be aggre-
gated together as a homogeneous mass, or in groups more or less

complex. The mechanical properties of the mass vary with the
mode of aggregation. The form of aggregation assumed, in the
process of solidification, depends upon the circumstances, with
respect to cooling, pressure, &c, under which the solidification
occurs. The effect of the same circumstances should vary with
different substances, with their properties in relation to heat; but
these properties are primarily dependent upon the general fea-

tures in the constitution and condition of the molecules, upon
which the laws of effective molecular action, as shown by the
proper curve, depend.

Contemplating, from our present point of view, the varying
mechanical states and conditions which the same substance may
assume under different circumstances, we are led to recognize, as
an essential physical feature, upon which such changes either
"Wholly or partially depend, the fact that the mechanical condi-
tion of the individual molecules is not fixed and unchangeable,
tut liable to material variations. We perceive their atmos-
pheres expanding under the influence of heat, and contracting
from the effect of external pressure, and that certain phenomena
and permanent changes of property result from these atmospheric
changes

;
(e. g., changes of property in passing from the solid

to the liquid form, or vice versa; permanent displacement of
Particles produced by the temporary action of forces of a cer-
tain intensity, upon bodies).
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States of Aggregation of Matter.—These are three essentially

ta of equilibrium. In the solid form, the particles

immediately contiguous to each other are in a condition of equi-

librium under the action of their own molecular forces; if more
distant particles exercise any effective action, ir id attractive, and

v a similar action on the other side of the particle.

To be more definite, each molecule of the mass is surrounded
by others at various orders of distance from it; and each pair

of molecules at the first order of distance from each other are in

condition of equilibrium by themselves, which is equivalent

Theres are separated b
order of dis

> saying that their electric atmospheres are separated by the

should then be attractive, but it may very well be that when a

permanent equilibrium of the mass has been reached, the at-

mospheres of two particles at this order of distance will be so

expanded by their attractive action, on the line of their centres,

that, for the diminished value of - thus resulting, the distance

between the atmospheres on this line will be the increased dis-

tance Oa for the curve corresponding to this diminished value of

-. Upon this supposition, each particle would be separately iu

equilibrium with every particle contiguous to it, both at the first

id order of distance. We shall have occasion to note

e of things is probably more or less perfectly

realized under different circumstan es of solid i ition. As to

the action of more distant molecules, it is first to be observed
that if two molecules are in equilibrium, under their mutual
actions, the attractive and repulsive impulses exerted by each

upon the central atom of the other, must be equal, and therefore

that no effective action, either attractive or repulsive, can be

1 to other more distant particles on the same line.

Under these circumstances, one molecule, in receiving the action

of another, intercepts the action that would otherwise take effect

upon other more distant molecules. This being admitted, it

may be perceived, on examining Table I, that the attractive ac-

tions of particles which lie beyond the second order of distance

from a given particle, will be in a great measure intercepted by
intervening particles. In what has now been stated wit

to the solid condition, we have had in mind a homogeneous mass
of molecules only. We cannot here enter upon the considera-

tion of the case in which the molecules are aggregated into

groups.

In the liquid state, the contiguous particles repel each other;

and particles more distant exert no sensible action, or a feeble

attractive one. Here, as in the case of a solid, the sensible

action is confined chiefly to particles that lie at the first and sec-
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ond orders of distance. These remarks apply to the general
mass of the liquid. The molecular atn <-t<! < :< - are in an ex-

ndition from the effect of the heat of fluidity, ond it

- fact that the peculiar properties of the liquid state

result. As we draw near the surface of the liquid, the atmos-
pheres are in a condition of greater and greater expansion as
t! «- oecessary result of the process of liquefaction, and therefore
their proper attractive actions are less and less. From this

cause it happens that each particle near the surface is more ef-

attracted by those below it, beyond the first order of
distance, than by those above it, and thus each layer of parti-

cles is compressed upon that immediately below it; also to a
certain depth more particles will ei I rom below
than from above. As a consequence, the density must increase

from the surface to a certain small depth below it, and a force of

compression be exerted throughout the whole liquid mass. This
ii, a mutual repulsion

between the
] nicies of th liquid. From the essentia! i ature

of a liquid, as we shall soon see, this increasing molecular repul-

sion, from the - irfa -e downward, operates if. all directions from
each molecule, and so tends to n< ive actions

between molecules separated by the second order of distance
;

as the final result, therefore, at' the depth at which the density
ceases to increase, and action between two
such molecules should be either feebly attractive, or altogether

evanescent.*

The views which have now been presented enable us to form
a definite conception of the probable arrangement of the mole-
cules of a liquicl. If the state of equilibrium be such as we have
represented, we must conclude that i

j
ei syi metrical ar-

rangement u. - that which subsists in crystals,

We com. in between a solid and
:i liq i !. from the n echanieal point of view, to be that the ex-

• !; uj.ou the molecule of a solid, are prop-

: win 1I\ orchieilv. iirectiou;

molecule of a liquid are radi-

ated in every direction from it. The physical cause of this dif-

ference in the mode of force appears to be the

simple fact -
: liquefaction the molecular at-

I by the heat of fluidity to a decidedly

the atoms which they surround; thus,

leaving below them a much larger volume of universal ether, to

ated by Professor Henry, by many ingenious experiments.
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receive the impulses propagated down to it. If this difference

between the mode of propagation of impulses by the molecules

of a solid and liquid be admitted, it is not difficult to see that

we have a sufficient cause for the different mechanical properties

attendant upon tL.se two states of aggregation, without having

recourse to the prevalent idea of a permanent polarity of simple

atoms. So far as any polarization of molecules comes into ope-

,
we shall have or asion to remark in discussing briefly

i induced, and for

molecular :

pheres, developed in the act of solidificati

In the aeriform state the particles are so widely separated that

each is repelled by all those which sr.rmu d it within the limit

of effective action, and the equilibrium is determined by external

. (3) (p.

Be value of x that obtains when a vapor formed

tempera

the topic of crystallization, that it is simply an i

the most part a temporary condition of the n

pressure. The properties of gases and vapors, and the law
" ;ir expansion and contraction, are deducible from equ.

"*'

). The value of x that obtains when a vapor formed i

the mi

varies for different temperatures because the ratio, — , decreases

as the temperature rises. (See different yalues of maximum re-

pulsion answering to different values of the ratio -, given in

Table I.)
m

The process of transition from the solid to the liquid state oc-

curs at the surface of the mass. As the heat is absorbed, the

molecules near the surface recede from each other ; and when
this expansion has reached a certain point, the attractive forces

of the particles at the different orders of distance come success-

ively into action, being less intercepted by intervening pai ticks.

At the same time, the individual molecular atmospheres expand,

or recede from their central atoms, under the action of the heat

pulses that penetrate to these atoms ; and so the energy of the

attractive force of each of these molecules declines. The sur-

face particles will thus continue to recede at the same time

that they are restrained by the attractions of those below them.

This effect will extend from the surface downward ; and as a

final result, a certain number of layers are brought into the

liquid condition, in which, as we have seen (p. 75), the particles

mutually repel each other, in consequence of the exertion of a

compressing force at the surface. In the case of a liquid that

emits vapor at the temperature of liquefaction, we must conclude

that the particles at the very surface become ultimately subject

to an effective repulsion from the united action of those below

it, which is in equilibrium with the tension of the vapor resting

on the surface; and that this effective repulsion extends to all

points above the surface.
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The heat of fluidity is consumed in forcing up the molecu,
lar atmospheres. As a final I iion, these
atmospheres remain in an expanded condition. The effect of
this expansion is to diminish the values of v given bv equ. (1)
(see p. 68), and increase the distance Oa, fig. 1. The actual

distance between two contiguous atmospheres is less than the

increased distance Oa, bv reason of the compressing force that
takes eil'vct t iro igho it th ; 1 quid mass. But the ultimate com-
pression imparted to the individual atmospheres will depend
in a great degree upon the final value of the attractive action,

v, between the molecules, and may therefore still be less than
that which obtained in the solid state. In this diminished value
of v we have, at the same time, the explanation of the dimin-
ished force of cohesion attendant upon the liquid state. The
comparative densities of the liquid and solid also depend upon
v. For we have just seen that the distance between the con-

tiguous atmospheres of two particles of the liquid is less than

ased value of Oa, but this distance may, according to

the intensity of the attractive force, v, be either greater or less

than the original value of Qa ; which was the distance between
the atmospheres of the .-niu- p-rta-h-s in the solid condition,

e either more or less dense than
the solid from which it is derived.

The passage from the liquid to the solid state is, essentially.

the inverse at th it v, inch lias just been under consideration, and
in the general survey we are now taking need not be considered
in detail. The mass of molecules and their individual atmos-

pheres now contract instead of expanding, and in the final act

of solidification the contiguous .. •
•• positions

due to their own special forces. While all this is being ac-

complished, the molecular atmospheres contract, and heat is

given out.

The explanation of the process of evaporation will be readily

inferred froi been stated with regard to the

condition of the surface of a liquid (p. 76). The nice equipoise

of the surface particles may be disturbed either by a slight ele-

vation of temperature, or a diminutiou of the tension of the

vapor resting upon them. The cooling effect of the evaporation
is to be attributed to the expansion which the electric atmos-

pheres experience, on being freed from the compressing forces

previously existing.
6

* It » apparently not aeo
'

??
n done on page 7 6, that

'...:.: •
...::. •

.•
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In the process of ebullition, the expansive action of the heat
absorbed by the lower layers of t 'liquid . reuses until the
superincumbent pressure, the cohesive attraction of the vessel
for the liquid, and the effective attractions subsisting U tween
the molecules of the liquid (represented by the ordinates be-
tween a and b, fig. 1), are overcome. When this point is reached
at any part of the liquid stratum, the separated particles will

expand rapidly into bubbles of vapor, in opposition
'

ure of tl denoted by the
decreasing ordinates between b and c, fig. 1. The expansion
should continue until the distance between the atmospheres of
two particles increases to the limit Od, at which the repulsion
attains to its maximum value; or rather to a limiting distance
somewhat greater than Od, at which the repulsion due to the
heat pulses present in the molecules, plus the molecular repul-

sion at that distance, is equal to the external pressure.

It cannot proceed farther than this without a direct expendi-
ture of heat-force, which will raise the t miperature of the vapor.
The heat which becomes latent, as the phrase is, is expended in

the act of expansion, and in forcing up the molecular atmos-
pheres in opposition to the attractive action of the atoms and all

compressing forces. The amount of work thus taken up by the
atmospheres manifests itself also as work of expansion, since it
-'

! so much work of the atomic attraction and of the

forces neutralized. When the heat pulses are not wholly ex-
pended in this manner, a portion of them pass into the molecu-
lar atmospheres and elevate the temperature of the liquid. If
the pressure upon the free surface of the liquid exceeds the
pressure of the atmosphere, the molecular atmospheres are more

compressed, the value of m becomes greater, and the ratio, —,

s in consequence; from this cause the limit of the re-

cess of the particles, Od, fig'. 1, diminishes, and the maxim urn

repulsion, da, increases (see Table I). The resulting vapor has,

therefore, at the same time, a higher tension and a greater

_
According to the theoretical views now advanced, the "inte-

rior work" which Tyndall maintains is expended in the act of

liquefaction, and also in that of vaporization, in "moving the

atoms into new positions," or in conferring "potential energy"
upon them, is consumed in each instance in pressing up the

electric atmospheres that surround the atoms of the b

and heat disappears in the process in proportion to the effect

thus produced.
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?
II"~~°'i the Improvement of the Elements of a Comet's

Orbit: Brdnnow's method; communicated by C. Abbe.

The following method of conducting the computation of the
elements of a paraboli v Dr. Briinnow in lec-
tures at the University of Michigan in 1858 ; it is her
reproduced from my notes taken at that time, and whatever of
merit it possesses is of course due to my instructor. The form-
ulas are thrown into the natural order of computation, and they
will thus be readily available to the computer. The present is
quite a general method: it presumes a previous approximate
Knowledge of the orbit, and is suited to normal places or very
exact observations, and is not limited to the use of three places.

w ntervals t
"~

t' and t
'~

t are not restricted -

We use at least three complete observations, i. e., the times
*» £ *"; the geocentric longitudes l, l>, i", and the geocentric lati-
tudes

ft p>, <*/. We shall also need the sun's geocentric longi-
tudes o, q/^ «

}
and tne logarithms of the sun's geoe-

tances R, R'
?
R". Frora our previous knowledge of the orbit

have been able to correct our observations for velocity
of "ght, aberration and parallax; they should be referred by
proper corrections for nutation and precession to the same
equinox.

We first may prepare the angles

G"-0, i-0, *"-©,
the number R, and the logarithm of t'-L
Compute the number g and angle G from

R''cos(0<'_o)-R = ^os(G-0)
R« sin (©«-©) =<7sia(G-0)

9 and G are the distance and longitude of the first place of the
earth as seen from the third.

Compute the numbers c and c" and logarithms C and C" from
cos cos (A- O) - cos H> cos /?« cos (i»-©«) = cos f

R cos H> = c R" cos V> = c"

R sin y = C R" sin f" = C"
V and y" are the angles at the earth between the sun and comet
at the first and third observations.

-rrom our previous knowledge of the orbit we now assume
two values a and A, of the distance between the comet and
earth at the time t. It will be a little more convenient and ele-
gant to assume logA and logA-K The following computation
*? to be made for each assumption. Compute log D and anglesd and L from

A cos j? cos (A- G) + g = D cos B cos (L-G)
A cos £ si„ (i-G) = D cos B sin (L-G)
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D, B, L, are the distance, latitude and longitude of first c

place as seen from third earth.

Compute the number a and logarithm A from

co.^co9 (X"-L)==»co8 m

Compute the number r from

r =+v/(A-^) 2-P^ =*_ if we put tan * =—

•

r is the heliocentric distance of comet at the first observation.

We now desire to find r", which must be accomplished bj a

tentative process.

Assume a value, a", of the distance of third comet from third

earth. Compute the number r" from

compute logarithm jc from

log n is tabulated with argument n. (See Davis's GaiLsa Theoria.)

* =2 *,« {r»+r)

If this value of H does not agree with that found from

x =±4-/V/(A"~a)^Aa =2 —— if \ve put tan x = r^^

•We must then assume another value of a" and renew the com-

putation of a. A few trials will give the required value of a".

* is the chord between the first and third places of the comet.

We are now able to find the heliocentric distances r and r",

latitudes b and b", and longitudes I and I", of the first and third

positions of the comet, from the following formulae

:

Acos?coS (A-0)-R = rcos&co8(Z-0)
A cos sin (1-0) = r cos b sin (l-O)
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A" cos §" cos ()." - Q") - R' = r" cos b" cos (l"-Q")
A" cos p> sin (A.-/-Q//) = r» cos 6" sin (/"- ©")
A"smp" =r"smb"

Tb
t
v^ ues of r and ?'" found from these formulae must agree

with those found previously.
Having now the heliocentric coordinates of the comet for the

times t and t'\ we are able by well known formulas to find the
elements of the orbit, and from these elements we compute the
latitude and longitude for the time t'. A comparison of these
results with the observed ft' and *' will show that

the assumption of log A gives i-'-j-a and @'-\-b

but

" " logA+i « l>+a> - ?+#
" "

log A-\-x must give *' " (?'

therefore neglecting second differences we must have
a'-a

x __ b'-b _

Jp rom as many such equations as we choose to employ we may
determine x, and a new computation assuming logA+a: as the
logarithm of the distance between first comet and first earth,
will lead to our desired improved elements.

Art. IX.—Notes on the Platinum Metals, and their Separation
from each other; by M. Carev Lea, Philadelphia.—Part I.

Few branches of inorganic chemistry present difficulties com-
parable with those involved in the study and separation of the
platinum metals. Their close analogy with each other, and the
remarkable manner in which the relations of each to chemical
reagents are controlled by the presence of the others, give rise
to difficulties in their detection and separation which are only by
degrees being surmounted. Much time and unwearied labor
°n the part of the chemist are required to reach results which
when obtained appear insignificant in proportion to the effort
w*iich they - .A that the platinum
metals cor-- themselves, governed by special

to be studied bv special methods. Each step in the
Amplification of the processes by which the separations are
effected, each decisive reaction by which the presence or ab-
sence of a member of the group may be certainly inferred, is so
much gained toward conquering a complete knowledge of thess
rare and interesting bodies.
A«- Jocr. Sci.—Second Series, Vol - r, 1864.
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For much the better half of all we know upon this subject, we
are indebted to Dr. Claus, whose method of separation I have

i}) to a certain point, and then have diverged from it,

with I think some advantage. I propose to introduce the use of

\ as an agent in effecting the separation, in the manner

which I shall presently describe.

From my friends, Prof. Booth, of the U. S. Mint, and Mr.

Garrett, I received the material upon which I ha

This was Calil i. which 1

a preliminary fusion with nitre and caustic potash.

This material was next boiled with aqua regia to extract all

the soluble portions, the residue was then ignited with nitre and

caustic soda,
1

the fused mass was heated with water. From the

resulting solution small portions of osmite of potash crystallize*!

out. The metallic oxyds were next precipitated, and this pre-

c: il i;. to, together with the portions insoluble in water, was

boiled again w ith a pia rcuia, ignited again, &c. These ignition?,

in addition to that which it had undergone before coming into

my hands, still left a small portion of unattacked residue.

The boiling with aqua regia was continued for a very long

time in order to get rid as thoroughly as possible of the osmic

acid : in all, this treatment was extended over two hundred hour?.

Even this however still left osmium in the solution, in easily

recognizable but in comparatively small quantity. The greatest

advantage was found throughout the whole of this part of the

operati >n from the use of the bl . hich I de-

scribed in a former number of this th the aid of

which all inconvenience from the fumes of osmic acid was

avoided. The apparatus was constantly swept clear by a power-

ful air-current, and the osmic acid was removed as fast as it vol-

atilized. The treatment which the ore had undergone before it

was placed in my hands, had removed the greater part of the

osmium; a portion of what remained had separated out as os-

mite of potash, and it was not deemed worth while to attempt

to save the little that remained. It would be easy, however, in

operating upon fresh o il of this blowing ap-

paratus, to conduct the osmic fumes through an appropriate re-

: nt, and at the same time to sweep out t.

iped reduction. As the ignition of the ore with alka-

line nitrate and caustic scarcely drives off any osmium, and as

almost all inconvenience in manipulating the resulting solutions

can be avoided by throwing down the metals with alcohol from
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the hot alkaline solution, in place of using acid, it is clear that
the difficulties arising from the noxious effects of osmic acid can
be almost wholly removed from each of the various stages of
the process.

A very prolonged treatment with aqua regia was found to
have the great advantage of converting nearly the whole of the
ruthenium into bichlorid. The separation of "ruthenium in this

i the other metals is so easy in comparison with the

;
aration of the sesquichlorid, that

this advantage cannot be looked upon as other than a very mate-

_
Salammoniac was next added to the mixed solution in quan-

tity sufficient to saturate it. The sandy crystalline precipitate

(A) was thoroughly washed out, first with saturated, and then
with dilute salammoniac solution. The saturated solution of
arim ium salt.carried thn igh with it nearly the whole of the

ruthenium as bichlorid (B), the dilute solution was found to

contain smal ;m, rhodium, and ruthenium (C).

Over (A), water acid b vdric acid was placed,

and allowed to stand for some days. This was treated with am-
monia and boiled. The precipitate was inconsiderable, and,

when treated with chlorhydric acid, furnished green chlorid of
osmium, with traces of ruthenium.

In these preliminary steps I have used Claus' process, which
undoubted;- 3 over any other, and best brings
the a t; - ,t(» a en lvci h nt state for separation, varying it only
by prolong: 2 a, and converting the

ruthenium principally into bichlorid instead t,t — ;'. ulorid.

We have now three portions of material, (A) consisting of iri-

dium salammoniac, containing also ruthenium, osmium, rho-

dium, and
j

titi< s (The ore which I ex-

amined contained no palladium, which metal, if present, has
always its ov 1 pocul it mode of separation, and does not en-

hance the di ration.) (B) containing bichlorid

of ruthenium, together with iron in quantity, copper, audi other

base metals which may be present. Finally, (C) containing

lorid of ruthenium, mixed with small quantities of
iridium and rhodium.
The next step in the process is to introd

v to twenty-five times

its weight of wat. r, and applv heat until th. sol ition is brought
to the boilm. t he f th< salammoniac
should be brought into solution in order that the reduction to

°e operated may not occupy too long a time, as otherwise the

Platinum and ruthenium salt, if any be present, might likewise
oe attacked. acid are thrown in as soon as

the solution actually boils, whereupon a lively effervescence
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takes place, and the iridium salt is rapidly reduced. As fast as

the effervescence subsides, more oxalic acid is added until further

additions cease to produce any effect. When this is the case,

the liquid is allowed to boil for two or three minutes longer, not

more ; the heat is to be removed, and the flask plunged into cold

By this treatment any platinum present is unaffected. Sal-

ammoniac in crystals is added, about half enough to saturate

the quantity of water present. The salammoniac may be added
immediately before the flask is removed from the fire. After
cooling, the solution should be left for a few days in a shallow
basin, whereby the platinum salammoniac will separate out as a

yellow, a reddish, or even (especially if the quantity of water

used was insufficient) as a black crystalline powder, according
to the quantity of bichlorid of iridium which it may contain.

The mother water is to be again placed in a flask and boiled

with aqua regia. On cooling, the platinum salammoniac crystal-

lizes out, and any traces of rhodium and ruthenium which may
be present remain in solution. The iridium salt is to be washed
with a mixture of two parts saturated solution of salammoniac
and three parts of water, and may then be regarded as pure.

The treatment by oxalic acid, which is now proposed for the

first time, affords iridium free from all traces of ruthenium.
The detection of very small quantities of ruthenium in pres-

ence of much iridium has been hitherto an impossibility, or

could only be effected by Claus' method of allowing a small

quantity of water acidulated by chlorhydric acid to remain in

contact with the irid for some days. The
ruthenium salt, by its superior solubility, tended to dissolfi

first, hence the acidulated water ;iK r st;m \:\ <_r contained ruthe-

nium in larger relative proportion than the original crystals—

the ruthenium reactions were more marked, and if it was pres-

ent and in sufficient quantity, it could be detected by sulpho-

cyanid of potassium, or better, to an experiem « •! e\ e. by no tate

of lead. The objections to this method are sufficiently obvious.

I shall presently describe a reaction which will detect r

in the presence of any quantity of iridium, and, scrutinized by
in the manner which I have just

described, is free from ruthenium, as well as from the other more

easily separable coon ate metals.

The treatment of solutions (B) and (C) presents no difficulty.

With (B) the best plan is to place the solution aside in a beaker

covered with filter paper for some time. Treated in this way
the bichlorid gradually crystallizes out, and by recrystalliza-

tions may be obtained in a state of perfect purity.

Solution (C) is to be evaporated to dryness and reduced to an

impalpable powder. It is then to be thrown upon a filter and
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thoroughly washed with a perfectly saturated solution of sal-

ammoniac. The bichlorid of ruthenium is thus carried through,
with perhaps a trace of sesquicblorid of rhodium, from which,
however, it is easily freed by crystallization. From the residue,
the sesquichlorid of rhodium and ammonium, 3NH

4
CI, Rh 3 Cl 3

-f3HO, is removed by a dilute solution of salammouiac, per-
fectly free from the iridium, which is left behind.

In connection with this separation I may make a remark,
v.l.i :h, though of special reference to this particular case, is also

to all those cases in which the double chlorids of the

platinum metals are to be separated by their various solubilities

in solution of salammoniac. This most valuable process, in

which we are indebted as for so much else, to Claus, whose un-
tiring labors have made him the father of this department of

to be applied with some attention to minutiae.

alline matter must be reduced to the finest powder, and
after being thrown upon the filter, it must be washed continu-

1 the separation is effected. Any interruption of the

washing is followed by more or I ( salammo-
niac through the material which precludes an effectual separation.

The same material which in a state of coarse powder will hardly
yield up enough RuCl 2 to color the salammoniac solution, will,

"when thoroughly pulverized, give an almost opaque blood-red
filtrate.

Solution (C) may be subjected to a different treatment from

salic acid mav be used to effect the separa-

tion. The solution is to be brought to the boiling point and
oxalic acid added as long as effervescence is produced. The bi-

chlorid of iridium is thereby reduced, the bichlorid of ruthe-

nium and |
re not affected. Sal-

ammoniac is then to be dissolved in the solution to thorough

saturation. By standing and repose the double chlorid of rho-

•utn, 3NH 4
Cl.Rh

2
Cl

3
+3HQ, separates out.

The solution is then re-oxydized i regia; by
standing for some days in a cool place the iridium-salammoniac

s out, and' the supernatant solution contains double

chlorid of ammonium and bichlorid of ruthenium which may
he rendered pure by several recrystallizations.

For purifying the double chlorid of iridium and ammonium,
^H

4 CI, IrCl
3 , I give a decided preference to the method which

I have described, with < .x: 1 ac d. It is simple and less trouble,

and there is itage that the platinum is left in

the condition of doul: nen tne usual method
netted hydrogen is used, the pla-

tinum is apt to be converted partly into sulphid, together with any
traces of rhodium and ruthenium which may be present. When
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oxalic acid is used, the platinum remains behind as a reddish

powder, containing some iridium, from which it may be freed

in the ordinary manner, if it is present in quantity sufficient to

be worth working.

For treating a mixture such as that which I have here desig-

nated as (C) containing no platinum and ruthenium only as

NH
4
C1, RuCl 2 , it is unnecessary to apply reducing agents, and

the first method which I have described is the best. But if it

be proposed to effect the separation by the reduction of the

iridium compound, the method which I describe in this paper,

is preferable to that based on the use of sulphuretted hydrogen,

The action of oxnlic acid on the platinum metals is interest-

ing. Its reducing effect upon bichloi id ot indium at the boiling

point is immediate. On bichlorid of ruthenium it seems to have

no effect whatever, may be boiled with it for a length of time

without sensible result. In atrial made with sr^uk-hh.rid <>f

ruthenium and ammonium the oxalic acid was boiled with the

salt for a considerable time without any apparent effect

becoming visible, but by long-continued boiling a gradual ;r-

cipitation took place. When platinum salammoniac, NH
4
C1,

PtCl„, was boiled with oxalic acid, no effect was produced lor a

considerable time, but gradually the platinum salt diminished in

ired a stronger yellow color, per-

haps owing to formation of soluble platinic oxalate. I was at

first in hopes that the treatment with oxalic aeid would have

furnished a most easy and convenient method of purifying com-
Bnt the

reduction of very small quantities of double bichlorid of iridium

and ammonium in the presence of a large proportion of the cor-

'i cult and slow, and the platinum
-' rvidently attacked. It is for this reason -

beginning of this paper I recommended in purifying iridium-

salammoniac to use a sufficient quantity of water to hold all the

iridium salt in solution at the boding point, and to stop the ope-

oon as the cessation of effervescence indicated that the

action upon the iridium was terminated. The difference between

the time of action of the oxalic acid on the two bichlorids is so

very wide as to make it perfectly easy with proper care to elfec-

tually reduce the one without acting upon the other, except

where the platinum is present in very large excess.

The reactions of the alkalies on the chlorids of iridii

altogether peculiar. Upon the bichlorid they exert a re

effect, converting it into sesquichlorid. An excess of alk*
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not precipitate the sesquioxyd, but seems to hold it in solution.
On the application of heat the sesquioxyd gradually oxydizes
itself at the expense of the atmosp i . .1 . 1 is i < ti precipitated
as deutoxyd of iridium. If to the cold solution containing ex-
cess of alkali, an acid be added, in small quantity, an impure
sesquioxyd is precipitated in consequence of the neutr
of the alkali which held it in solution. But the » -

Lted always contains a considerable

ili used. It is very un• t. It is very unstable, and by the action of the air is

'itL-1 into blu. oxvd. Tliis is nearly all that we
know of the sesquioxyd of iridium.

Under these circumstances it appeared to me desirable to in-

the action of some of the alkaline earths upon iridium
solutions which it seemed possible, might throw a clearer light

upon the relations of the sesquioxyd.

When a solution « f caustic baryta is poured over iridium-sal-

ammoniac, the iridium salt rapidly dissolves with a slight effer-

vescence, the solution presently becomes comparatively decolor-

ized, and a dark olh fodl& This reaction, it

Will be observed, is completely different from that caused by
potash.

The filtrate from this precipitate, which precipitate is but small
" ntity, still contains a large quantity of iridium. If it be
exposed to heat, as soon as nn, its dark olh
color changes almost suddenly to an Isabella color, it bee
cloudy, and an tate falls, which in differen

> from pale grayish-yellow to yellowish-brown.
as was intended to submit both of these precipitates to a rig-

orous analysis. But the first was obtained in too small quantity,
a few centigrams only. The second substance was much more
abundant in quantity. A portion of it was prepared with great

care, and with thorough exclusion of air, to prevent any admix-
ture of carbonate of baryta. But upon careful examination, it

was not sufficiently homogeneous in its composition to enable
one to draw positive cone usions from :

• analysis, and the in-

tention was therefore abandoned. The following were the prop-
erties observed.
The olive green precipitate seemed to be permanent in the air,

iryta, or, at most, only traces. It dissolved

ever a trace of black powder behind, and
gave an olive colored solution, indicating that the iridium was
in the condition of sesquioxyd.

.
The Isabella colored precipitate contained a considerable quan-

tity of baryta. It dissolvi l in acids, and gave, when freshly

also olive colored solutions. When dried at 212°, it

nverted into an indigo colored mass, which
\ acids to an intense blue solution. When allowed to

ompletely
ved in acid
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dry at ordinary temperatures, even by exposure to the air, it was

only oxydized in small part.

To observe the action of potash on this compound, a portion

of the Isabella colored precipitate was placed in a wal

and a little < on was poured over it. In a few

minutes a blue tintwas observable along the borders of the solu-

tion, and by exposure for a few hours the whole precipitate be-

came intensely blue. We thus see that v/hile potash is capable

vith production of bioxyd. An ion to take

place, it is not necessary that the sesquioxyd should be in that

anomalous state of solution in alkali, in which it seems to exist

in solutions of bichlorid decolorized with excess of alkali ; but

that the barytic compound here described, which is compara-

tively permanent by itself, commences immediately to oxydize

rapidly when placed in contact with potash.

Other reactions of platinum metals with baryta are as follows:

Sesquichlorid of ruthenium- and ammonium is immediately and
completely precipitated by baryta in the cold.

Bichlorid ammonium gives no precipitate to

the cold. Heated, it turns yellowish brown and becomes trou-

bled. This troubling is completely removed by the addition of

a large excess of the precipitant. If the baryta have been added
to large excess at first, no troubling is occasioned by the appli-

cation of heat.

Protochlorid of palladium is precipitated immediately in the

cold by Ba. The brownish yellow precipitate does not redis-

solve in excess of the precipitant. In this the reaction of baryta

differs from that of potash.

Bichlorid of platinum is scarcely affected by baryta water in

the cold. Heat immediately produces a dirty white precipitate,

the supernatant liquid remaining of a yellow color.

Seiquichhi id of rhodium gives an immediate light colored pre-

cipitate with baryta, which completely redissolves in a very large

excess of the precipitant, even in the cold.

It will be seen from the reactions of baryta

with the platinum metals differ widely from those produced by
potash, and are highly characteristic.

Two of these solutions which much resemble each other,

those of bichlorid of ruthenium and sesquichlorid of rhodium,

are very well distinguished from each other by baryta, the former

- for some time clear, the latter being instantly precip-

itated. The production of a well marked precipitate is generally

a better test than a mere change of color, as produced by potash,

which has hitherto been considered the best reagent to distin-

guish between these two substances.
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The relations to color of the double sesquichlorid of iridium
and ammonium, 3NHC1, Ir

9 Cl, + 3HO, are curious, and have
not been exactly described. It is generally said that i

:
-

•green by reflected, and reddish by transmit]
The following is a more correct description.
A dilute solution of the salt is always olive-green, whether

seen by reflected or transmitted light. If it appears red by trans-

lien very dilute, this can only arise from the presence
of bichlorid of ruthenium, or sesquichlorid of rhodium.
As its concentration increases, it gradually acquires a red

color, visible by both reflected and transmitted light, but more
conspicuous by the latter. A very strong solution is almost
opaque to transmitted rays; by dilution, passes to a deep wine
i d This wine-red solution is b; reilected light olive-green, but
with a distinct tinge of red. Nor has it before been remarked,
I believe, that the cr\> ts the same dichroism.
The crystals are deep green by reflected light, almost black.

laced so that light can strike through a dihedral angle,
its color is ruby red.

m

Strong and weak solutions of this salt differ so much in color

.
) that at first one has a difficulty

m believing that they contain one and the same substance.

New Ruthenium Reaction.—A series of experiments on the re-

actions of the platinum metals are as yet unfinished, but I take
the present opportunity to mention a new and very beautiful re-

action of the theniura.
When a solution of hyposulphite of soda is mixed with am-

monia, and a few drops of solution of Ru 9
Cl 3

are added, and
the whole boiled, a magnificent red-purple liquid is produced,
which, unless the solutions are very dilute, is black by transmit-
ted light. The coloration is permanent, and the liquid may be
exposed to the air without alteration.

"his reaction is obtained with great ease and certainty, and
will, I believe, be found far superior to any known test for ru-

in order to

agent, experi:
eut strengths. A portion of perfectly pure Ru,Cl 3

was weighed
°«t in a delicate balance, and the 'following indications were
obtained:

With «** Ru,CL, bright rose purple.

S ith nln and £fa7&™ rose-color.

Ji !th
5o*o<r, paler, but still perfectly distinct,

with
ToVjj-oo, the color, though very pale, was still unmis-

takably present.

Am. Joub. Scr.—Second Series, Vol. XXXVIII, No. 112.—Jclt, 1864.
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Where the solutions are so very dilute as these last, the boil-

ing must be continued for some minutes.
5

Although the sulphocyanid test is very delicate, it is not equal

to this, as was determined by a comparative trial.' It is also lia-

ble to the objection that when employed to examine
the presence of iron i . For although the re-

action of ferric salts with sulphocyanid gives a different shade of

red, yet it is to be observed that the two colors approach each

other considerably when much diluted. Moreover, in using the

sulphocyanid test, I find it best to acidulate the liquid strongly

with chlorhydric acid, and to obtain chlorhydric acid absolutely

free from iron, so that it does not give the slightest coloration

with the sulphocyanid
; it is generally necessary (in this country,

at least,) to prepare it for oneself.

The delicacy of this test does not however constitute its great-

est value and superiority. The reactions of ruthenium are re-

uifected by the presence of iridium ; and in proportion

as this last named metal is pr. - nt in .u_< r <j rity, the i nida-

tions afforded by all the tests hitherto known grow' less and less

decided, and some lose all efficacy. The test here proposed is

the first known reagent that is capable of detecting ruthenium
in the presence of any excess of iridium. No precaution are

necessary, and the reaction is always obtained \\ itli the gr< at. st

facility. The iridium solution is to be rendered alka
ammonia, a crystal of hyposulphite of soda is dropped into it,

and the whole is boiled for two or three minutes. If no indi-

cation of a red-purple tint appears, (or, in case of small quanti-

ties of ruthenium, a rose color,) the iridium solution may be pro-

nounced free from ruthenium. 3

It would appear that there must exist very beautiful purple

and green compounds of ruthenium, with which we are at present

unacquainted. The purple compound appears to be produced in

several reactions, and notably in that just described and in the

sulphocyanid. There can be little doubt that sulphur enters

into its composition. The green compound is produced when 1

solution of Ru
2
Cl

3
is boiled with ferrocyanid of po

Claus remarks, in reference to this coloration, that he is unable

to explain its cause. It is, however, unquestionably due to a

compound of ruthenium, and not to the production of any

hyposulphite of soda, and other reagents, upon the various metals of the platinum



blue or green compound; for I find that the green
reaction can be obtained in presence of a large excess ot free

together with which, it is hardly necessary to remark,

I propose to

ABT. X.— Contributions to Litliology ; by T. Stepry Hunt,
M.A,, F.K.S. ; of the Geol, Survey of Canada.

Part III.—On Some Eruptive Rocks.

In this Journal for March, 1860, ( [2], xxix, 282) there is a
short note, pointing out the existence, iu the vicinity of Montreal,
of several interesting classes of eruptive rocks, including quartz-
iferous porphyries, trachytes, phonolite, dolerites, and diorites.

It is proposed in present paper to describe

ults of son;. lineralogical

i rocks, and to give, by way of preface, a descriptic

geographical distribution and geological relations. They may
be considered geographically as belonging to two groups, of
'which the first and most important for the number and variety
of its rocks may be conveniently described as the Montreal
group. It consists of a succession of intrusive masses along a
belt running nearly transverse to the undulations of the Notre
Dame mounta -. \vh . h are the prolongation of the Appalachi-
ans into eastern Canada. Commencing at Sheffbrd mountain,
an isolated trachvtic mass not far removed from the western
base of the Notre'Dame range, we find, going westward, the de-

j Ik,ii 1) rville, Mount Hoval or Montreal, and Ki-
gaud mountains; th • at ninety miles from
Sheffbrd. B ies a large area to the
south of Si. i in two miles of it. In like

manner, a I

;

i of Beloeil is another intrusive

mt Johnson orMonnoir; making in all nine

: belonging to the Montreal group. Beside
these, nU!I . ;ve masses in the form of dikes

- From Mount Royal
! of about thirty miles, a gentle

rved, which increases to the west-
ward of Rigaud, and finally gives place to a considerable fault.
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This disturbance has been traced to the Laurentide hills on the

Lac des Chats, 140 miles west of Montreal ; but to the eastward
the strata exhibit no evidence of this transverse undulation, unless

the appearance of the intrusive rocks already mentioned be sup-

posed to indicate the prolongation of a fracture without sensible

dislocation.

The whole of these eruptive rocks rise through unaltered pa-

leozoic strata, which, however, in the immediate vicinity of the

intrusive rocks, exhibit a local metamorphism. The hills of

Shefford, Brome, and Yamaska break through the strata of the

Quebec group, and lie a little to the east of the great line of dis-

location which, in this region, brings up the lower members of

the paleozoic series against the superior portion of the Lower
and divides into two districts the great paleozoic basin.

{Geology of Canada, pp. 234, 597). The other hills all belong

to the western division of this basin, and break through various

members of the Lower Silurian series from the Potsdam to the

Hudson River formation. Among the numerous dikes which
traverse not only the sedimentary strata, but the intrusive masses,

there are some which intersect the conglomerates of St. Helen's

island
; these are of uncertain age, but repose unconformable

on the Lower Silurian series, and enclose pebbles and masses of

Upper Silurian limestone characterized by fossils of the Lower
Helderberg period. (Ibid., p. 356.)

This group of intrusive rocks offers very great varieties in

composition; thus Shefford and Brome consist of what we shall

describe as a granitoid trachyte, while the succeeding mountain,
iTai mska. at d tV» m >st we.-: i . R - id. l.oih < >n*M in p rt of

a kind of trachyte, and in part of diorite. Monnoir and Beloeil

also consist of diorites, which however differ from the last two,

and from each other ; while Rougemont, Montarville, and Mount
Royal consist in great part of «h ,-ver many

. composition, and son proxenit*

The dolerites of Rougemont and Mount Royal are cut by dikes

of trachyte. Similar dikes also traverse the diorite of Ya-

maska. and may perhaps be connected with the trachytio por-

tion of this mountain. It is probable, judging from Borne speci-

mens from Rougemont, that the dolerite is there intersected by
veins of diorite, some of which resemble that of Beloeil, and

others that of Monnoir. Dikes both of trachyte, phonolite, arid

dolerite are also found traversing the Lower Silurian strata in

v of the great eruptive masses; and the con_
- mentioned al >\ is :m. rsed by dik -..Mi- -rite,

which in their turn are cut by others of trachyte.

A second and smaller group of intrusive rocks occurs to the

of Montreal, chiefly in the county of Grenville,

where they traverse the gneiss and limestones of the Laurentian
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system. The principal undulations of these rocks have, like
those of the Appalachians, a north and south direction; but
there is apparent also a second series of undulations, affecting
in a less degree the geographical distribution of the strata, and

:e the Montreal and Eigaud undulation, an east and
tion. Coincident with the latter system of folds is a

series of doleritic dikes, which no where attain a great breadth,
but have in some cases been traced more than fifty miles in a
nearly east and west direction. These dikes are interrupted by
a great mass ofreddish \ me parts into granite,
and occupying an area of about thirty-six square miles in the

- of Grenville, Chatham and Wentworth. Dikes of
te extend from the central mass, and traverse the sur-

rounding gneiss and limestone. Numerous dikes of quartzife-
rous porphyry intersect both this syenite and the surrounding

I are seen in one case to proceed from a considerable
nucleus of porphyry, which rises into a small mountain ; render-
ing it probable that numerous other porphyry dikes of the re-

te in like manner from other nuclei of the same rock.
Some parts of tins porphyry enclose fragments of syenite, dole-
rite, and gneiss, \\\w h varv in size from -n i 1 grains to several

iaraeter, and often give to the rock the character of a
breccia. In one instance a bed of gneiss, upwards of a hundred
yards in length, is completely surrounded by the porphyry.

Obthophyre and Syenite.

. compact-petn
intimate mixture of orthoclase and quartz, rendered porphyritic
by the presence of grains or crystals of orthoclase, of quartz, or
of both of these minerals together. The occurrence of this rock
at Grenville, where it forms dikes in the syenite of that region,

»to just been noticed. The fine-grained petrosiliceous base of
this rock varies in color from dark green to various shades of
red, purple, and black, these differences probably depending
upon the degree of oxydation of the contained iron. Through-
out this paste are disseminated w. a rose-red
or flesh-red feldspar, apparently orthoclase, sometimes very

lartz. An analysis was mad A a i

variety of I
a greenish-black, jas-

. and feebly translucent on the

so in v, h it w ix\ 1 istre TI e h; rdn. ss was nearly
equal to th ; .

- specific gravity 2 62. A tew
distinct crystals of red orthoclase, and some grains of quartz,
were present. The base, freed as much as possible from these,
gave as follows

:
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nd alumina is 2"02 :
5*8

of silicarly 1:3. The alumina requires 43-80 p;

form with the alkalies 65*48 parts of a feldspar having the

> of orthoelase and albite. Thertfhich are those <

then remain 284 parti rith the c

nt which is probably united with the oxyd of iron

and lime, may be regarded as uncombined. The pen

this region receive a high polish, and are sometimes very beau-

Syenite—The syenite of this region consists of orthoelase,

usually flesh-red in color, and grayish vitreous quartz, with I

ion of blackish-green hornblende, which is sometimes

almost or altogether wanting, and is occasionally ;,

mica. The orthoelase is often nearly compact, but

more general! v distinctly crystalline and cleavable, and, so far

as observed, is not associated with any triclinic feldspar. The

hornblende ect to decomposition, becoming

soft, earthy, and ferruginous in its aspect, v

lliancy. The partial analysis of such a s]

the syenite gave only 0-56 of lime, and traces of magnesia, wi«*

3-75 per cent of peroxyd of iron, and of alkalies, i .
\.-i. 143,

soda 4-35. This large proportion of soda is also to be remarked

in the orthophyre just described, and in the red orthocl

of this region, a portion of which gave 3'86 per cent of potash

and 3 70 of soda; while the red orthoelase from the rocks of

this Laurentian series, named perthite by Dr. Thompson, gives

in like manner 6"37 of potash to 5"56 of soda. A no

potash-orthoclase, generally white in color, is however found m
some of the stratified Laurentian rocks. (Geology of Canada,

p. 474.)

This svenite of Grenville has in some portions undergone

becaliar decomposition, which has reduced it to a soft greenii

matter having the aspect of serpentine, or rather of
|

markable veins of chert which are here found cutting the sye

nite, and as described by Sir W. E. Logan, is more o

plete for a distance of two hundred vards on each si<

In specimens of this altered rock, the quartz remains unchanged

while the feldspar, still preserving its cleavages, has a hardnes:
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no greater than carbonate of lime. It is somewhat unctuous to
the touch, with a feeble waxy lustre, and its color is ooc

but more often of a pale green. Such a specimen was
selected for analysis, and gave of sil i-a N»u>. alumina 12*60,
lime 0-60, soda and a little potash 2"U5, volatile 2-10, magnesia
and oxyd of iron, traces = 9860. From this result it appears
that the feldspar of the syenite has lost nearly two-thirds of its

alkali; the iron and other bases having also for the ]

disappeared. This removal of the protoxyd bases \

pear, from the character of the resulting mineral, to be
from that wh i <

-> _ i ' ,i > rion of feldspar.

The nature of the process requires forth* r investigation, but it

was not improbably connected with the deposition ofthe
chert or hoi .: b » Sir W; E. Logan,
forms two large vein,- \ and have
a breadth of from four to seven feet. It is generally arranged
in bands or layers parallel to tin-

in color from white to yellowish ami !lesh-red. The mineral has
the chemical characters of flint or buhrstone, and like the latter

} 's nis numerous irregular cells, the walls of which are some-
times incrusted with crystals of quartz, and in other cases bear
the impression of smal crystals of fluorspar,

"\v,\: m ha f these sin-

gular veins of silex show that it cannot be of sedimentary ori-

gin, and it can scarcely be doubted that it is an aqueous deposit,

and results from a similar process to that which on a lesser scale

gives rise to agate and chalcedony in various rocks. {Geology

of Canada, p. 41.)

Trachytes.

Under this head we shall describe a class of rocks which are

very abundant in Eastern Canada, and present a great variety

of aspects. There are many dikes i;i th • \ i- uy < ! M >ritr.ja!

which resemble some of the typical trachytic rocks of Auvergne
and of the Ehine; while the' rocks of the mountains of Brome
and Shefford consist almost entirely of distinctly crystalline

&] l-spar Thes - u ill be described as granitoid trachytes, under
which head may also be included a somewhat similar rock from

Yamaska mountain.
Brome and Shefford Mountains.—-The trachytes of Brome and

Shefford occupy two considerable areas near to each other, and,

as already stated, are the easternmost of the eruptive masses
now under description. The larger area covers about twenty
square miles in Brome and the western part of the township of

Shefford. It consists of several rounded hills, of which the

principal are named Brome and Shefford mountains, and rise

b°ldly about 1,000 feet above the surrounding plain. The rock
shows divisional planes, giving it an aspect of stratification, and



ts into rectangular blocks. The second

ine square miles in the township of Shef-

ford, to the northwest of the last, and at the nearest point is

only about two miles removed from it. This is known as Shef-

ford mountain.
The rocks of these two mountainous areas present but very-

slight differences, being, so far as examined, everywhere made
up in great part of a c I

portions of

brownish-black mica, or of black hornblende, which are some-

times associated. The proportion of these two minerals is never

above a few hundredths, and is often less than one hundredth.
The other mineral species are small brilliant crystals of yellow-

ish sphene, and others of magnetic iron, amounting together

probably to one thousandth of the mass. In some finer-grained

varieties a few rare crystals of s< 'ine are met
with. But for the uniform absence of quartz, these rocks might

be taken for varieties of granite and syenite. They are very

friable, and subject to disintegration, so that the soil for some
distance around these mountains is almost entirely made up of

the separated crystals of feldspar, which however show but little

tendency to decomposition, and retain their lustre. The rock is

sometimes rather finely granular in its texture, but is often com-
posed of cleavable masses of orthoclase, which are from one-fifth

to one-half of an inch in breadth, and sometimes nearly an inch

length. The lustre is vitreous, and in the opaque varieties,

but the crystals never exhibit the eminently glassy lustre

: fissured appearance that ehara frizes the feldspars of

many European trachytes which are similar to them in compo-
tion. The color of the *• klspar of tin se rooks is white, passing

into reddish on the one hand, and into pearl-gray or lavender-

gray on the other.

Specimens of the rock of Brome mountain were taken from

the side near to the village of West Shefford. It was coarsely

,
lavender-gray in color, and contained a little brown

mica, sphene, and magnetic iron, but no hornblende. The den-

sity of fragments of the rock was found to be 2-632-2-638. Se-

lected grains of the feldspar had a specific gravity of 2-575, and

gave by analysis the result II. The analysis of a second speci-

men from another portion of the hill, is given under in.

The rock from the south side of Shefford mountain was next

examined. In one part it consisted of a coarse grained grayish-

white feldspar with a little black mica, and closely resembled
the rock just described from the adjacent mountain. A little

lower down the hill, however, was a variety which, though com-
pletely crystalline, was more coherent and finer grained than

that of Brome, the feldspar rarely exhibiting cleavage-planes

more than a fourth of an inch in length. Brilliant crystalline
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grains of black hornblende, about the size of grains of rice, were
sparingly disseminated through the mass, together with very
small portions of magnetite and yellowish sphene. F
of the rock had a density of 2-607-2-657. The feldspar was

inte and sub-translucent, with a somewhat pearly
lustre. By crushing and washing the mass, the grains of feld-
spar were separated from the heavier minerals, and found to
have a specific gravity of 2-561. The results of its analysis,
which scarcely differs from that of Brome, is given under TV.

Tamaska mountain.—About twelve miles to the north of west
from Shefford mountain rises the hill of intrusive rock known
as Yamaska mountain, which has an area of about four square
miles, and breaks through the strata of the Quebec group near
the line of the great dislocation which brings these up against
the limestones of the Trenton group. The southeastern part of
this hill consists of a granitoid diorite hereafter to be noticed;
but the greater portion of the mass may be described as a gran-
itoid trachyte, differing in aspect from that of Brome and Shef-
ford, in being somewhat more micaceous and more fissile. The
mica, which is dark brown, is in elongated flakes, and there is

"either hornblende nor quartz in the specimens collected, which
however hold small portions of magnetite, and minute crystals
of amber-yellow sphene. These seem to be contained in veins
of segregation, which are of a lighter color than the mass. The
cleavable feldspar grains, which make up by far the greater part
of the rock, are brilliant, with a vitreous lustre, and are often
yellowish or reddish-gray in color. A portion of this feldspar
separated by washing from the crushed mass of the rock, had a
specific gravity of 2*563, and gave by analysis the result v.

Another portion of selected grains of the feldspar gave vi.
Both specimens were however somewhat impure.

Peroxyd of iron, 2 90

Magnesia," .".*."-"-
- -79

Potash, 354
Soda, 5-93

Volatile, -40

9841

ocr. Sci.-Second Series, Vol. XXXVIII, No. 112—Jul:
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Besides these great trachytic hills, numerous smaller masses

of different varieties of trachyte, in the form of dikes and beds,

are found along the line of country between Kigaud and Ya-
maska mountains. The diorite of the latter is cut into dikes of

a white or brownish-gray trachyte, which is often porphyrinic,

and may be connected with the great mass just described.

Ghambly.—At Chambly a mass of porphyritic trachyte is in-

truded in the form of a bed among the strata of the Hudson
Kiver formation ; and about midway on the Chambly canal a

trachyte is met with, which contains in drusy cavities

crystals of quartz, calcite, analcime, and chabazite. The base of

this rock is of a pale fawn color, and appears at the first sight to

be micaceous; but on closer examination it is seen to be almost

entirely feldspathic. Minute portions of pyrites, and grains of

magnetic iron are rarely met with, and small scales of a" dark

green micaceous mineral are very sparsely disseminated. The
< rWaK -•: ".tm .a-e, which are very abundant, are sometimes
an inch in length, and one-fourth of an inch in thickness; they

are more or less modified, and terminated at both ends. They
are easily detached from the rock, and are yellowish and opaque
on the exterior, but the inner portions of the large crystals arc

transparent and vitreous. The composition of the crystals is

given under VII. The paste of this porphyry, when carefully

freed from crystals, lost by ignition 21 per cent. When pulver-
'

s acid, it effervesced slightly,
" ing in part

5 dissolved .

equalled carbonate of lime 1'76, carbonate of magnesia -

98,

peroxyd of iron with a trace of alumina 212 per cent. The
residue dried at 300° F. gave the result vm.

The paste of this trachyte thus differs but little from the crys-

tals in composition. It contains only a si. _

and seems to be made up of lamel singled with

small portions of carbonates of lime and magnesia. A part of

the iron also is probably present as carbonate, which, by its de-

composition, gives rise to the rusty red color of the weathered
surface of the trachyte.

Montreal—The island of Montreal offers a great variety of
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finely granular, occasionally crumbling to sand, and frequently

ary structure, and they are often the presence
ar or hornblende. One variety exhibit* 1; rge u ldspar

tr\M;us in a compnct purplish or lavender-gray base, with a
waxy lustre. This effervesces with acids from an admixture of
earthy carbonates, and closely resembles in its aspect certain tra-

chytes from the Siebengebirge on the Ehine. Other varieties

ely be distinguished from the so-called domite, the tra-

chyte of the Puy.de Dome, and exhibit small drusy cavities.
The presence of carbonates in trachytic rocks has generally been

:ed ; Deville however found seven per cent of carbonate
of lime in a trachytic rock from Hm irai \. and it < c irs dissem-
^^d iu some oj the trachytes •. Some of
the trachytes about to be described contain moreover carbonates
of magnesia and protoxyd of iron, and weather to some depth
$ a r< ddish-brown color from the peroxidation of the latter,

trachyte from Chambly just noticed. Acids remove
from many of these rocks, in addition to the carbonates, portions

lies. These are derived from a soluble sili-

i in the trachytes of Brome appears only as rare crys-
tals of nepheline, and In - me and chabazite. In
some of the compact and earthy varieties about Montreal, how-
ever, this soluble silicate exists to a large extent, and has the
composition of natrolite. By this admixture of a zeolite the

::
.

The first of these tra - noticed forms a dike

, apparently zeolitic. Small
.-

disseminated through the mass. The rock has the hardness of

of from 2-617 to 2 632. Its color
is white, pa-- I grayish-white ; it has a feebly

tustre, and is slightly translucent on the edges, with a
compact or finely ire, and an uneven sub-conchoidal
fracture. Before "the blowpipe it fuses with intumescence into
a white enamel. The rock in powder is attacked even by acetic

h removes 08 per cent of carbonate of lime, besides
I'5 Per cent of alumina and oxyd of iron ; the latter apparently
derived from a carbonate. Nitric acid dissolves a little more

:

fcwes, a considerable portion of manganese. This apparently

the form of sulphuret, since, while it is soluble

ite portions of the rock afford no trace of
Manganese before the blowpipe; although minute dark colored
grams, associated with the pyrites, were found to give an intense



manganese reaction. From the residue after the action of the

nitric acid, a solution of carbonate of soda removed a portion of

I the remainder, dried at 300° F., was free from iron

and from manganese. Its analysis is given under IX, while that

of the matter dissolved by nitric acid and carbonate of soda

from 100 parts of the rock will be found under ix a.

A dike of trachyte near to the last, and very similar to it in

appearance, was submitted to the action of nitric acid, but the

insoluble residue was not treated by carbonate of soda. Its

analysis is given under x, while that of the soluble matters is to

be found under x a. A white trachyte from a dike at Lachine
resembled the preceding, but was somewhat earthy in its aspect,

and effervesced with nitric acid, which removed a portion of lime

equal to 740 per cent of carbonate. On boiling the pulverized

rock with nitrate of ammonia, an amount of lime equal to 5*33

per cent of carbonate was dissolved. An accident prevented the

complete determination of the alkalies in the feldspathic residue

of this trachyte ; and the soluble silica was not removed pre-

vious to the analysis, whose result is given under XI. The pro-

portion of the potash to the soda was however found to be, by
weight, nearly as two to three. The matters dissolved by nitric

acid will be found under xia.
Another dike of trachyte from Lachine was concretionary,

and stained by infiltration ; the interior of the concretions was
white and earthy. The substances removed from 100 parts of

the rock by nitric acid and carbonate of soda, are given under
B. A partial analysis of the insoluble residue showed it to be a ,

feldspar allied to those of thepiv .
>

, i. tir.es

of potash and soda were however nearly in the ratio of four to

three.

A large dike of trachyte in the limestone quarries al

End, near Montreal, is remarkable for the amount of carbonates

which it contains. It is grayish-white, with dark gray spots,

granular, sub-vitreous in lustre, and holds a few crystals of boni-

blende. By ignition it loses ll'O per cent of its weight. In

powder it effervesces freely with nitric acid, disengaging carbonic

acid, and, when heat is applied, red fumes from the peroxyda-

tion of the iron. One hundred parts of the rock yie!

way the soluble matters given under xna. The composition of

the residue, from which the soluble silica was not removed, is

given under xii.
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A second determination of the alkalies in a portion of the
trachyte, ix, which had not previously been treated bv acid,
gave potash 540, and soda 649. A second analysis of x. gave
potash 2-28, and soda 7'95.

Of the matters soluble in nitric acid in the last- described tra-
chyte, xn, the lime in the form of carbonate would equal not
less than 11-60 per cent, the magnesia 3-58, and the iron 3"82
per cent of carbonate, in which condition by far the greater part
of these bases are probably present.

Phonolite.

Associated with the numerous trachytic dikes at Lachine is

one of the phonolite already referred to. It is brittle and some-
istose, breaking into angular fragments, and appears to

consist of a reddish fawn-colored base, in which are disseminated
greenish-white rounded masses, often grouped, and apparently
concretionary in - ieir stru ture. These greenish portions are
sometimes half an inch or more in diameter, and cover from one-
third to one-half of the surfaces. They are not very distinctly
seen unless the rock is moistened. The hardness of the different

portions does not greatly vary, and is nearly that of apatite.
The specific gravity is very low, being only 2414. The mass
contains small cavities filled with carbonate of lime, which is

^rely stained purple : it is also found in small films in the joints.
The rock is granular in its fracture, without lustre, and is feebly
translucent at the edges. When pulverized, and treated with
n'tric acid of specific gravity T25, a slight effervescence ensues,
With abundant red fumes. The mass grows warm and gelatini-
zes; and on washing out the acid solution, and treating the in-

soluble portion with a solution of caustic soda, a white granular
residue remains. These reactions are obtained both with the
fawn-colored and the greenish portions, but the amount of insol-
uble matter is greater from the last. The rock is but slightly

hygroscopic: a portion of it in powder lost only 02 per cent by
a prolonged exposure to 212° F., but 710 per cent at a red heat.

For the quantitative analysis, the method already indicated
was followed. It was found that while a dilute solution of caus-
tic soda removed all of the gelafci '- ed by the
^d, it took up only a trace of alumina; leaving a feldspathic
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residue which was no longer attacked by nitric acid. The
silica was separated from the alkaline liquid, and the acid

solution was found to contain, beside alumina and soda, a little

potash, some lime, magnesia, and iron, and traces of manganese.

The greater part of the lime is evidently present as carbonate;

for when a portion of the pulverized phonolite, which gave to

nitric acid lime equal to 4 -36 per cent of carbonate, was boiled

with a solution of nitrate of ammonia, there were dissolved 3"87

per cent of carbonate of lime, beside which there was a separa-

tion of a considerable amount of oxyd from the decomposed
carbonate of iron. From this reaction, and from the entire ab-

sence of sulphur, which was carefully sought for, it is probable

that the whole of the iron, except the small portion of peroxyd

which colors the rock, exists in the state of carbonate. In the

following analyses, therefore, the lime and the iron, as well as a

little magnesia, are calculated as carbonates. xm. is the result

obtained with four grams of the reddish portion of the phonolite,

as free as possible from the green ; and XIV. was obtained with

two and a half grams of a mixture of the two colors.

In order to fix the composition of the soluble silicate, the

larger amount of the insoluble residue and that of the separated

ving been carefully determined,

and the lime, magnesia, and oxyd of iron calculated as carbo-

nates, the water was estimated by the loss. In this way were

obtained the results given under xm a, and xiva; while the

analyses of the insoluble silicate, which is a potash feldspar, are

given under xm 6, and XIV b.

)litic mineral is intermediate between

analeime and natrolite; but the r

izes with acids leads to the conclusion that it belongs,

part at least, to natrolite. The theoretical composition of these

two zeolites is, for the sake of comparison, placed alongside of

the two analyses of the soluble portion of the phonolite.
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Volatile, 2 23 2 10

The feldspars of the above trachytes and phonolite offer some
variatio a in their composition, especially in the

proportions of the alkalies. In IX, the proportions of potash
and soda are nearly the same as in the trachytes of Brome, Shef-
i<)i I. and Charably, and the same is true of XII. These are
doubtless to be regarded as varieties of orthoclase with a large
amount of soda, while in the feldspar from the phonolite the
proportion of soda is very small. In x, on the contrary, the

dominance of soda indicates a composition approaching
ite. It is further apparent, from a comparison of the

a whose complete analyses are not
given, that the proportions of the alkalies are liable to consider-
able variation, "even in adjacent and apparently similar dikes.
All of the above feldspars are probably to be referred to ortho-
clase, or to albite ; but these, in th have under-
gone a commencement of decomposition, which consists in the
loss of a portion of si 1 the combination of
water, res u; >n of kaolin. An admixture of

increased amount of alumina, the
deficiency of silica, and the presence of water in the fel

the more earthy of these trachytes.

These trachytic dikes are not confined to the vicinity of Mon-
treal. To the southward, on the shores of Lake CL
there is found in and about Burlington, Vermont, a vast number of
dikes of intrusive rock ; some of which appear to intersect the
strata of the Quebec group, and others those of the Trenton
group. Some of these are described as being of greenstone

;

and others, as a white or yellow is rock, often

:rystate The base of
a yellowish-gray port .i ng a rough
fracture, an. ity of 2-60, gave to Prof. G. F.

Barker, si!

i

and peroxyd of iron 1910, lime
0"79, magi; i-74, soda 6 04, volatile 1'70 =
"'67. It contained a little intermingled quartz; and the mass
resulting from the fusion of the i

carbonate,

afforded traces of a sulphuret. ( Geology of Vermont, pp. 579-707.)

Somewhat to the south of Burlington, on the west side of
-^ake Champlain, and near to Essex, there is a great mass of in-

trusive rock, found in the slates of the Hudson River formation.
As described by Emmons, it is interstratified in an irregular

banner among the layers of the unaltered sedimentary rocks,



104 B. Silliman, Jr., on the " Barrel- Quartz" of Nova Scotia.

and has a fissile and schistose structure, which gives, at first

sight, the aspect of stratification to what is undoubtedly an in-

trusive rock. When exposed to the action of the waves on the

lake-shore, its structure appears to be columnar, and sometimes

concretionary. This rock is described as composed of a reddish

or pale leek-green compact feldspar, holding crystals of the same

mineral. {Geology of New York, vol. ii, p. 84.) These intrusive

: rocks on Lake Champlain resemble closely

chytes of Montreal and Chambly —with the latter of which, the

trachyte of Shelburne, the only one of them which has been

chemically examined, closely agrees in composition.

[To be continued.]

On Laidlaw's Hill, forming the eastern division of the Waver-

ley Gold District, has been found, in great abundance, a peculiar

variety of quartz-rock which has acquired a wide reputation

under the name of barrel-quartz.

Mr. Phillips, of London, has thus described it

:

" The most remarkable deposit of auriferous quartz hitherto

found in Nova Scotia is undoubtedly that at Laidlaw's Farm,

ngs are here situated near the summit of a

hill composed of hard, metamorphic shales, where openings have

been made, to the depth of four or five feet, upon a nearly hori-

zontal bed of corrugated quartz of from eight to ten inches in

t i cki i ss. Tl - auriferous deposit is entirely different from any-

1 before seen, and when laid open presents the appear-

ance of trees or logs of wood laid together side by side, after

the manner of an American corduroy road.
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an appearance not unlike a series of small casks laid together
side by side and end to end.

"The rock covering this remarkable horizontal vein is ex-

ceedingly hard; but beneath it, for some little distance, it is

softer and more fissile. The quartz is itself foliated parallel to

the lines of curvature, and exhibits a tendency to break in ac-

cordance with these stria?.

"The headings, and particularly the upper surfaces of the cor-

rugations, are generally covered by a thin bark-like coating of
brown oxyd of iron, which is seen frequently to enclose numer-
ous particles of coarse gold, and the quartz in the vicinity of
this oxyd of iron is itself often highly auriferous."

The accompanying section, (fig. 1) which I have prepared
from a sketch of the place as I saw it in December, will, together

with the following perspective view of the opening, convey a

clear idea of its peculiar structure.

Vol. XXXVIII, No. 112,-Jclt, 1864.
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Only the corrugations in the open part of the cut are visible;

the extension of the vein to the right and left, in fig. 1, is ideal,

the superincumbent mass covering it. I measured, however, the

quartzite above, dipping to the right and left at a small angle,

nk no geologist would doubt that the crest of an anticli-

•re comes to the surface and has escaped the denuda-

i lias removed the top of the crest in most places. The

corrugations, or folds, appear to be accounted for on the hypo-

thesis of a lateral thrust producing the undulations. The per-

spective view (fig. 2) of this interesting locality was taken from a

stereoscopic photograph, showing the appearance of the barrel-

ad been removed, and

before the miners had broken up the quartz layer for removal.

The value of the barrel-quartz has been not so much from its

large average yield of gold as from the comparative cheapness

jh it has been mined. Thus it appears from the <rn la-

ments in the Chief Gold Commissioner's Keport, dated Jan., 1863,

that each miner on Luidlaw's farm averaged for the last three

months of the previous year over nine tons per month, while in

other districts the average monthly product per man was from

two to three tons. The average yield of gold was small,—about

five pennyweights to the ton ; the maximum being three ounces,

not including remarkable discoveries, like that of the Chebucto

Company, of a mass of this quartz, yielding, as already men-

the Introduction, for a volume of not over two cubic

feet, over $4000 in value, of gold.

SCIENTIFIC INTELLIGENCE.

I. PHYSICS AND CHEMISTRY.

On th, const tution of the Sun.—Magnus has com municated a brief

li he endeavors to show that purely thermi

-
•:' i a non-lumi

1 th,

t. , v b, i. creased. The experiment was made

When a plate of platinum was introduced into the flame
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the non-luminous flame. Variations in the thickness of the plates of

th I at radiated, pro-

g ne-half m it i than that of the plate alone.

- _-

- la pla ed belon the plate in the flame and not itself

t to the pile. Under these circumstances the covered plate

ies as macfa heat as the flame alone. Salts of
and lithium behaved like salts of sodium. These experiments

s
<

,v- tl it ^;in his - I s radiate very n i.di less lieat than solids or
h'Vi'ds. an. -H-areelv he a-sunied, that the gas-

re of the sun ls the source of the sun's heat. They show
is a much higher radia-

ting p.nvt-i- than ignited platinum. Finally, they prove that soda vapors

body, for the radiation dth the"vapor

. .

aii >l the vapor alone. This h haiior oi ignited soda in the fluid and

g weona c toff on the constitution of
the sun in a very strikmi; manner.— Poqq. Ann., cxxi, 510. w. g.

2. On the Sp,, tram of Th<dli>un.— \\. A. Miller has found that
u! >-" pieces of' th illiuiu arc m ide to form the electrodes of an induction

han Tl«, a third

rp line in the blue. AH these lines could be observed

e of hydrogen, excepting the weakest, but they were ii

itense. The phol
\

trura exhibits)

tic group of tinea fcadmium am
-hat less that of lead.—Phil. Ma;/., xxvi, 223. w
'he photographic transparency of various bodies, and t

tic effects of metai Uained by means

photographic transpKSmpioyc

'e>s [.;,;
i
possess er

(3.) Color

ai ,. rpt ive effect i

er wii.li greater or less intei

ed subjects, from which w e t

• "s to the original m
es of rock crystal to

. It was found that

the chemical rays.

both when liquefie

o light, but which e

intensity both io

equally true as regards liquids, wheth.
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compound be dissolved in water or liquefied by heat. Water is perfectly

permeable to the chemical rays, an

terfere with the special action of tli e substance dissolve

dent rays. This fact makes it poss

mot be obtained in

plates. Of the substances examined by 1

surpass rock crystal in diactinic po iver. Water, ice and white 1luor spar

rival it, and pure rock salt approac lies it very closely. With respect to

fiuorids rank first in diactinic power;

then follow in order the chlorids, bromids, and iodids. The sulphates,

carbonates, and borates of the alki

the phosphates less so, and the anseniates still less. The sulp hires are

less diactinic than the sulphates, and the hyposulphites

phites. Nitric acid and the nitra S^.pMv

interrupting the spectrum abruptly at the same point it be the

base, provided that this be capabh3 of forming diactini Among
bases, potash, soda, ammonia, lim< and alu-

:ury and lead ap-

proach them in power; but colorecI bases, like the oxy<is of iron, nickel,

cobalt and copper are very inferior.
,
and when the salts

or yellow, they are nearly opaque. he high

- of glass

tending beyond one-fifth or one-six _ afforded by qiuartz. A
plate of glass less than T^th of ai

refrangible rays almost as com pi

cuts ...tt

etely as a plate of hs.ntv llimes the

in or.hr alcohol. Among gases, air.

water. Other gases and vapors exhibit a marked absorptive power, and

bromine and iodine absorb most powerfully the least refrangible rays,

which is an exception to the general rule; peroxyd of nitrogen and per-

oxy.l of chlorine in a stratum two t'oet in length wholly absorb the che-

ion bands. Aqueous vapor is highly diactinic, though not

diathermic.

The reflecting power of different polished surfaces for the chemical

rays was found to he v,-n di f-r-nt f..r diflvivnt MiUt-unv*. for the same

angle of reflection. Goli

i burnished lead. Th
:

-

sea!.-, while with other metals the reflected spectrum coven

electric spectra of differ-

m% m ,. r: , , m we advance toward the
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alloys usually exhibit the lines characteristic of eacl

spectrum of brass containing 0-23 per cent of iron

.
0*7 per cent of this metal. The exarni

-''; efi; ts of electric spectra produced by tr»

sea other than air, led

respond with those of Angstrom, Alter, ami riiicker.

(1.) Each gas tinges the spark of a characteristic color; but no judg-
>m this color of the kind of spectrum which the

(2.) In most cases, in addition to the lines peculiar to the metal used
as electrodes, new and special lines characteristic of the gas, if elementary,
or of its co!; ,], are produced. When compound
gases are employed, the special lines produced are not due to the cor-

rupted or broken into dots.—Journal of Chemical Society, [2], xi, 59.

4. On the spectrum of chloro-chromic acid.—Gottschalk and Drecit-
sel have observed that* the vapor of chloro-chromic acid. Cr0

2
CI, pro-

cllK'« a spectrum containing 17 cha-< uy violet,

8 green, J yellow, 3 orange, and 2 red. The most brilli tnt are the violet
and .me of the green. When the vapor is mixed with oxygen previously

.
-

can scarcely support; the violet rays appear with peculiar

_ :.

' ese, Neither i h oriM
I of chromium alone in the flame produce characteristic rays,

so that the observed rays are due exd I chromium.
—Bull, de la Soc. Chimique de Paris, Jan., 1864, p. 20. w. o.

•5. On the condensation of vapors upon the surface of solid bodies.—

ntact v. :i. m i-t air wh h lias the same temperature as
the pile, and becomes colder whey dry air of the same temperature passes
ov

";' it. This phenomenon may be explained by the assumption that the
surface of the p le ai sori s a

,
ico is vaj i no i the atmosphere, and thus

becomes warmer by the latent heat which becomes sensible; and that
the dry air again takes up the vapor from this surface, which becomes
colder by e\ .- good not only for surfaces covered

lid upon the face of the pile became
farmer or colder according over '*» an <*

the same w :i
- r metals. Finally, the results of a

-
•.. _• -- :.. - . ' -..-.;

ln which they are placed. It further appears from the experiments of
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Ma- u* that the most different vapors are condensed upon the surfaces

- t -in ,i a .]< or, (J th it ;i|
;

r< ia le . 1 mges <

result. Hence it follows that at all times a layer of cor...;

exists u | ."p. ;L- :-: r ;'...*-**' •

i *-. v h, hi, uiim>. ^le t^i oi h -s with the

C. On the t unts on diathermancy.—
MAGNUS, in a - criticism on his previous remarks

nation of moisture upon the thermo-

:. lintains without reservation the ;

held, namely, that air c -• «rf **y °?

heat with almost the same facility as dry air.—Pogg. Ann., cxxi, 186.

1. Mr. Scoutetten on the electricity of the blood.—At a recent meeiing

of the Paris Academy, Dr. Scoutetten returned to

of the electricity of the Mood, and •rave a historic! sketch of the obser-

vations wl • endeavor to prove, by an expen-

a porous vessel containing four hundi >hod
;
two

other small porous vases, of a capacity of sixty eul«ic centimetres, coti-

; these two vases were placed at the

in the two sorts of blood. The zinc electrodes were placed in

• blood. As soon as the

which were previously attached to the galvanometer by brass wires, were

inserted in the liquid, the current was established Th

were made on the 29th of October in presence of dn mists,
j
hy.-it ists,

and other distinguished men of science. The blood was taken from a

very old hois. .
in the course

of the d iv. The arterial blood came from the right carotid at the same

(lie venous blood was taken from the left jugular vein ;
the

p )IO us vessel containing the arterial blood was then placed in the venous

blood, and the whole apparatus surrounded by water at a t

of 40° C, in order to prevent coagulation. The small porous vessels

of zinc were sunk up to two-thirds of

I the two sorts of blood. The ama .

,,',.-....
.

'
:

bv the deviation of the needle; it indicated, as in

of Mr. Sc utetten, that the positive

the venous blood across the galvanometer. After having

--
.

:

10,000 turns. To measure the electromotive force of blood, Mr. n-ou-

tetten has had recourse, in this second series of experiments, to the

-:
;

by Mr. Jules Liegnauld. ( m placing the coupling wire of t:

porous vases in opposition to a normal wire at

saw at first that the current became reversed ; and hence he concluded

that the force produced by the reaction of the two sorts of blood is com-
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prised between zero and 4-50. Proceeding thence to mor
he arrived at last at the conclus on u at the elf, tro motiv
was 1-82; that of Daniel's battel, «*«
tro-motive power of pure zinc—Reader, May 7, 1804

8. Note on Binocular Vision.—Th,- application of I, no,-

scope has been considered jusiiv as the nreatest
since the introduction of the achromatic ol.j

'

prism seemed to leave little further to be „
being theoretical !v as perfect as could be devi^

-non. Mr. Tolks, ofCanistota. X ".

by the great excellence of his objectives for the microscope and telescope,

ifl it appears to me, in the only right
ion. I have lately received from him

a binocular eye-piece, which is. as far as I can at present judge, every
way superior to Mr. WVnham's ing.-nioii, arrangement.

tit- Mr. W'c ;iII)
'.

j hV ..mi. ..so fieely made public, an<l ui,

the best hitherto devised. The only instrument ot this f, mi I have Lad
• of examining was a first class one bv Smith, Beck k

B k, v, I ii was ...

m the ->ts in., tin re wa> a m-trk. d difference in
•

by reflected and direct vision ; how far this was accidental I am unable
to say, as I had no oppoi I ism. The slanting tube,

me awkward, and the reflected ray had

tube for roici .. as no longer length of

of the eyes ot ob-envi-. J'etlnps this i s not a \ iv—i

n of the pencil is effected so far from the objective that the
interference with dvtin ii n i> a m r, m mi. I can . ...ily see the fine
lines of Hyalodiscus subtilis and Grummatophora subtilissima with the

: ngs of the wedge-shaped markings
011 °od lira are n< tt \ >hown \s,

:

. he !

.. ai 1 h j; ei t. wers. The tubes
are symmetrical and parallel, and ire adjusted for different eyes by a

-

hollow bar, and are always parallel
n'

11 ' 1 "'• Ii oth.
i and the main tube.

-ope, however, about four inches,

.
'

''"' •'<';>;•. with its present arrangement, is a first class erecting one,

nil and clear fields beau-

•
' - .. '

.

• powers, as is the case u th Mr. Wenham's arrangement.

required to bring out the full effect,

oth fields. I have found that the ordinary achro-

ing out the central rays and using the plain side
of the reflector, or better a reflecting prism, and the bull's-eye condenser,
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igement have had fine views of

. objectives. Some facts as to the

\w\ solidity which gives a more
forms as Aulacodiscus Petersii,

by monocular vision. These ef-

careful manipulation, and there

riding to this. An experienced

bringing out very satisfactory

iployed.

i forthe first time with binocular

vision, fbe ti tfl (German) sold by Smith, Beck &
Beck are e\. Upon some of these I compared the

that the finest effect is produced, without any sped
"When both eyes are employed there is greater depth of vision, or capa-

bility in the eyes—the top and bottom of tolerably thick preparations

being seen together, or. a) no when one eye alone is

employed. At the same time, the stereoscopic effect is wonderful : the

field of view appears suddenly enlarged and comprehensive, and the mag-
nifying power increased, and the relief to the eyes is very great.

The living Diatomaceae and Desmidiae are shown with great effect with

a good TVhs or $h objective. They appear floating at different depths

. as also those of the monads and

larger animalcules, which appear like monsters in a vast deep.

Tolles has been enabled to divide the pencil s

is theoretically, as well as practically, correct, and it appears a little

strange that so obvious a principle did not at once occur to those emi-

nent European opticians who have devoted so much time and skill to the

perfection of binocular arrangements for the microscope. That the pres-

ent form is the ultimatum, neither Mr. Tolles nor myself anticipates, al-

though it is at present quite perfect and gives me great satisfaction.

The power of the eye-piece is variable in the same manner as with

Wenham's binocular. No alteration is required for polarization experi-

ments, but the prism is inserted in precisely the same place and manner as

with the single eye-piece. In fact, the old arrangements of the microscope

are left untouched, the whole effect of hinocular vision being produced in

The use of the binocular eye-piece at once tests the quality of the ob-

rr- extreme portions, none but objectives of large angle

lew vwion, the central

the object illuminated by oblique light,

at work upon will, I hope, render the

opped out, a
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use of the binocular comparatively as easy, with the higher powers, in

agement of an experienced microscopist.

The eye-piece works very well when applied to the telescope, but the
i equal to that produced when applied to the mi-

|7
n
-'"I".

' of the object-glass. I have had wry
fine views of Saturn and the moon with it; there is some slight loss of

• hen looking at land objects, but noticeable upon
Hwfc feint obj« ea of Saturn.
The difficulties of illumination with the higher powers of the micro-

scope are only with n ; - there is no
ill no doubt remove this

the binocular eye-piece should become a part of every well

oicroscope. h. l. s.

9. On the ii of manganese.—G. Rosa
;,Miti >ii to the t-oiistitiitioi, of th-'tu . nnnerals Braunite

ne, and has shown that in order to explain their isomor-

phism it La SiOa is, in combination at least, iso-

morphous with Mn0
2 . Thus, we have

From this appears that all the five degrees of oxydation of manganese
are isomorphous with other and corresponding oxyds. Ro-
that the deutoxyd of manganese may be called manganous acid.—Fogg.

10. On a new cobalt compound.—Bbaun has observed that when a so-

nitrite of potash is added to one cobalto-cyan 1 of
;
otasMiim, a

is very concentrated, the solution appears intensely blood-red. The re-

action succeed - r,i cobalt, but not in the presence
'

; - ,,•'

'< > o. 'i.im 1, tu 1 pi ii - - a fu h '
;
<> -' .ration of the subject.—

.No. 2,1 864, p. 107. w. o.

11. Lidim*.—Ai a i i-ent se-ioii of the Freiberg " Miners' Union,"
Reich commiu ] ,r ,\ sum. furthei i suits n regard to this new metal,

;.',.:-..!

blende ore fr. M ae, on treatment with chlorhydric

•Wd, and subs B, gave about 43 pounds

bm of the new element were obtained.

: borax, and refusion with cyao I of

potassium; by fusing alone with th iuced, but
°nl/ to puis' ler. The density of two t

a density of 7-277 at 20-4° C. The
C°W of the metal is between tin and si , » h te . t h ex

and very duel tallic lustre when exposed to the air
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atter is brought to the boiling point. Hy-
i metallic powder, which cannot be fused in

the bulb tube. On charcoal, before the blowpii

y with the~blowpipe flame. The oxyd imparts no color to the fluxes;

with borax it gives a gray enamel, with salt of phosphorus and

Ids a gray pearl. The" metal is slowly dissolved by chlorhydric

ilphuric aciiis in the cold !
- _ n ;

heat in-

i the rapidity of the solution. Dissolves rapidly 'in nitric acid, even

cold and dilute. The hydrated oxyd is completely precipitated

he acid solutions \ - >.
':< of a while color, and

i to the sides of the vessel; the

The oxyd is white
' hydrogen

c

> completely precipitated as sulphid

nium is added to a tartan

what may be hydrated sulphid of i, I urn is tl own down; this, t tted

with acetic acid, as well as when dried and heated, becomes yellow.

Chlorid of indium, obtained by treatment of a mixture of the oxyd with

carbon in a stream of . a!..-s, is very

,.: ,. x . ;

•'
. ...;... \

.
,

with difficulty in in lUinet scales. Carbonate of soda throws down from

Solutions of : with ferrocyanid of potas-

sium a white
|

kyanid no precipitate.

The most - the new metal, and the one which led

' spectroscopic

.

etal,as well as by all the com pot

res the most brilli

Berg. u. Iluttenmannische Zeituny, :

12. Note on the formation of Aldekyds ; by M.
nunicated for this •a as new a mode

-muted i

le of formation is, however, not new. In the pages of this

ave already indicated it. I have shown that when
d upon by chlorid of gold, the gold is reduced and aldehyd

Ch. Pure, 1863, p. 616, quoted from Journal fur praktische Chemie.
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II. MINERALOGY AND GEOLOGY.

1. Pollux. a iarge amount of CWMm.— Pisani

C4 " 7 !' ' " ' t >>t ,,.-.,,, uuli but ti i. .s , r • isl, ] ,.. -

Mi\L. S;«-iiiii!iii, of l'aris. One crystal of 20 gram, w.-ioht

i. The Mutates uf the crystal were rough, re-

z. Lustre vitreous on the fracture, but .lull nrul

e natural surface* of the crystals. Colorless. II. = 65,

J-.

rr 2 901. In the closed tube, becomes opaque, and gives off water.

. and subsequently mi -
I ks acid, give

: pulverulenl silica. Tb«
•:• of the platin-chlory

or ciesiurn when treated with bichlorid of platinum. Analysis gave:

171

. rid of caesium obtained in the analysis showed t

P*™1 u '*'
' ' »• It was red

\ the quantities < t chlorine, platint
caesium were a ;

. theory, thus s

it to be a pure caesium salt.— Comptes fiendus, Iviii.

[This mineral species was previously analyzed by Plattner, w

Si 51 Fe £ #a* fl

Pisani refers to this i as an incomplete analysis, and remarks that as

me when Platl

chlorid of

of the alkalies are thu he result. Calculating
the amount of chlorid um correspond
have 26-13 KCI; ancle the 10-47 soda into chlorid, we obtain

>rids. Now, if we convert the 261

3

KCl into platin-chlorid of potassiiim, it amounts to 85-65 KCI+PtCI 2 ,

and considering this tx> be a c<e fid of a potassium salt,

"would be equal to 45:-65 C>< 'I. l the analysis was prob-
ahly calculated by aw between the supposed

is materially lessened w ffoundl^^es/lssub-
tfacted from the total amount of c "giving but 3-22 NaCl,
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or 1-72 per cent of soda, while we have 35-69 per cent of csesia in the

mineral. Plattner's analysis would then read :

Si Si #e Cs *Ta
f _ 103 .18

corresponding in all, except the soda, very closely with the results ob-

tained by Pisani. The excess in both Pisani's and Plattner's Mialysfc

would seem to indicate that a portion of the alkalies in the mil

lithia and potaa the absence of anything

more than traces of potash in the caesium salt obtained in 1

Plattner proved by experiment that neither chlorine nor fluorine was

2. Composition of Tourmaline, Mica, Hornblende and Staurotide.—
A. Mitscherlich has found that when a gram of fin. ;-

pulveriz. i l<.ur-

i for six hours with a mixture of

;, and (i c.c. of water in a closed tube of Bobetni.

a temperature of 220o-240° C, it is completely decomposed. In tins

protoxyd of iron contained in tourmaline and other minerals. Six speci-

mens of tourmaline, the same as analyzed by Rammelsberg, were found to

contain no sesquioxyd of iron, although at the time when Rammels-

berg's investigations were made, the methods for the determination of

the state of the oxydation of iron in silicates were bo imp

chemist found from 4*63 to 933 per cent of sesquioxyd of iron in them.

It was also demonstrated

of manganese in tourmalii ion a portion

of sesquioxyd of iron would have been formed. II

method used admitted of the detection of the minuter traee of this sub-

sta .. II rmamfs sup}*)sUion that carbonic acid is one of the.

Mitsi-h. rlh ,i a so de« >mp.>sed -- v. i d s|» -i-

mens of mica and hornblende by this method, and obtained results, m
the relative proportion of the ins: very ma-

those oUained L>y earlier analysts. < >ther int.

me manner prove that the slaurotides of St. Gott-

hardt, Airolo and Brittany contain no sesquioxyd of iron, although

Ramraelsberg's recent results gave from 2-40 to 5*2 1 per cent.—Jour.

peak'. Chem^ lxxxvi, 1. G,J
/
B
'*

3. Contributions to the chemical knowledge of several minerals; by

C. F. Rammelsberg.—I. KuUtuU - lla> mm d- ouuis

si< was made by decomposing the mineral with chlorine. It

sible to get the mineral entirely free from the associated arsenical and

copper pyrites. Composition

:

S Bi Sb As Pb Fe Ca Co

1822 18 60 9-46 256 44-25 381 127 0-68= 98"85

Sulphur combined, 430 379 164 6 85 218 032 0-36=19 44

Especial care was taken to ascertain the absolute purity of the bismuth
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and lead given in the analysis, as considerably more of lead and less of

"

" -:• I: - •-- " " •

-^
•

.
•

the remainder averaged up, gives for the composition of pure kobellite

:

Sulphur combined, 4-73 418 7o5 0-88 =1734

Rammelsberg writes the formula, (PbS)s BiS3-f-(PbS)3SbS3-S 16-82,
Bi 18-23, Sb 10-54, Pb 54-41 = 100.

bo- ailed sieg nite ( Kobaltniekel-
. .

1

-• I is is due to the fact that at the time they were made no sufficiently

method was known for the separation of cobalt and nick-!. The
of these metals was effected by means of nitrite of cobalt.

Ani, v-i- , ,t th i\ -•
1 -. -,-!.- -.m m>

j
i .1- ;.-..!.. n<im .1— ... \,r.d chal-

£ave: S 42-76, Co 39-35, Ni 1409, Cu 1-67, Fe 1-06 = 98-93.
» the iron as combined with 1*21 sulphur and 1-20 copper,

ting these from the analysis, the com-
position of the pure mineral is as follows

:

a former analv I and 11*00 per

formula KS+R 2
!

._ ....s 2209 and 11-00 r „. „
rice is due chiefly to the imperfect

in the separation of the nickel and c

• -.
that cobaltine contained I

hr-Prolirkunst, p. 318.

HI. Vivianite.—An analysis of the vivianite from Allentown, Mon-
mouth, Co., New Jersey, gave

:

The ,,
itric radiated crystals of a light b

green color.

^ • Analyses of Tremolite and Diopside from Gulsjo.—In confirma-
tion of Mun ,<J to the composition of those varie-
ties of pyroxene and hornblende which are free from alumina, he now

- er analyses, one of tremolite and another of diopside, from
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Tremolite (G.= 3-003), 5162 2612 14-90 0-84=99-48

Diopside (G. = 3-249), 55-11 18-39 2563 0-54= 99'67

Both analyses give aim '
I i-— :•- m!i< ,i <>{"

1 : 2.

V. Skolopxite.— nih mineral, described by v. Kobell, occurs at K.ii.ct-

stuSil 'in i, .m^, -• .rrm\ with a Uikgi. i
,

\i. v ie.

I

a gray, greenish or reddish color. Gelatinizes with chlorhydH

giving otf a trace of sulphuretted hydrogen, and r
^

botiic acid from adhering ealeite; this solution ©
'..

be detected by nitrate of silver.

The results"of the analyses, after deducting the associated augite, were

:

CI S Si 51 Pe Ca &g Na K fl

1. 1-36 4 62 35-41 2139 224 1550 2-31 12-17 2 87 3-29

The chlorine replaces 0-31 oxygen, and the s

0-88 oxygen to form a sulphate of a protoxyd base; this an

-j-0-88), subtracted from the oxygen of the protoxyds, leaves 7 75, which

Bumber added to 10-64, the oxygen of the Besq

almost exactly the same as the oxygen of the silica: giving the ratio of

1 : 1 between acid and bases, and o'f 2 : 3 between the protow ds «w
sesquioxyds. Rammelsberg writes the formula, 2R 2Si + fi 3Si 3

would be a ratio of 2 : 2 : 5, instead of 2 : 3 : 5. He considers it an;

gous to Sodalite, Nosean, etc.

gives the following formula for the mineral, 2RC1+ 3 (2R 3Si+ fi
2 Si 3

3[2RS + 3(2R 3 Si+S 2S\)].

VI. Pyroxene.—Analysis <of the dark-green augite associated witu

skolopsite

:

Si SI 6a te tig Mn
>5 34 13 57 9-74 1-28 = 100 62

—Jour, prakt. Chem., Ixxxvi, 340. G. J. B

4. On a Volcanic Idxad ,n the Caspian; by Count Marschali

Vienna.—The existence of th is island was first made known by Capt

Koumani, of the Russian schooner Jourkmen, on the 7th of May, It

a is in 39° 34' Ub"N., and 47° 15' 20" E. :

the time of its discovery it w .. :

outline, and in surface a pla evated at centre. About
he

highest point, which was between 18 and 19 feet above the level ot

sea, there were small depress iy waters from wb
Mr.

On
gases were escaping; the temperature of the wat.-i-, a.-eordm'.: to

the 20th of June, 1861, its el
'

•

•

below the level of the s
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The region of which the Caspia
' U'clieron, presents al

its n;i| itha spring, mineral and iraseous waters, and occasional muddy
' sometimes ilsu is li-turbed t.\ igi is eruptions ;u i h"v

80, 1831, and June 11, 1859.

—

Les
Mondes, v, 106, from the Jnstilut Imp. Geol. 1863.

5. Notes on the Geolo \ Province of
bj \V M . K. Sl-luvav. i'ii lOl.li I.A.. Prof. CI*

I mv. of Ireland, <fcc., and Joseph P. O'Reilly, ( E. 1'";
j
p Svn \\ th

I seeti ns L >n lor m. h n- \\ II mis >V N. r^ate.

iv.—Santaader n one of I

f Spain, lying on the Bay of Biscay. This work treats „f the
• Province, an 1 its general geolugy, and par-

1 i-*"
Jt. 1 by a number of deta led maps. The subject of the ores is

and chemically, and aUo with' reference to their

I of siiecessioi i. curdii _' to wh eh the ditf'er-
f' n ' kinds were formed. A chapter contai i!_r H\« pi it. s is devoted to
the deposit of sulphate of soda in ti a near Aran-

of Madrid; and another to observations on the mammil-
"*W*i ;

"'''•
i I la minerals.

6. Notes on a Cave and Coal Pit near Peking; by S. Wells Wil-

tne pits, and the caves near them, have attracted

iles of each other on the
s the beginning of the as-

5 Table Land ot *'«n: d A- i, and - o-i-s a,- nortl)ern side of

lGreat Plain of Eastern China, a few miles west of the capital.
The road thither leaves the southwestern gate of Peking on the great

Vf that was laid by the Emperor Kanghi, and goes on to
«*-*««-*«»«, about eight miles, where it ends.
From this spot the road to the mines leads through the district city of

•Awi, a town situated in the midst of well cultivated fields,

it. walls and gates, »1 >wiog the poverty of
the people and neglect of the officers. Seven miles farther on is the dis-

Fanpshan, much better built and cared for, as its compara-
•

between these two towns, and also nearer the base of the hills, are sev-

i cry large boulders and much water-worn shingle
prove the gra •:' the torrents that occasionally flow
rom the m< a most parts of the year a brooklet

The village at the base of the hills in which the

animals laden with the harvest, which the peasantry were

In the morning, we started with a guide for the principal cave, called

• un-skwiu-funa, or Cloud-water cave, situated about 1,500 feet above
*e valley. The rock throughout this region is metamorphic limestone,
Wile wherever it is covered with soil ; the hillsides are hidden with veg-
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etation, so that the winding path led up through a succession of pretty

-:-' _ :

time, adorned by myriads of autumnal flowers in full bloom. The mouth

of the cave i.- protected by a shrine and temple—three or four ancient

and lilapidated . lings under the charge of a superanmm

whose vacuity, senility and dirt comported with the du-ty ami fa-hd

gods committed to his keeping. He was a painful object, but did his

best to entertain us, assisted by a laic who is the guide into the cave.

t'ert in extent, ami rising here and there 50 feet high, with an uneven

floor, on which stalagmites had formed a thick crust. The walls were

black with -m. >!<<. am. id -; J 1 tites of any size were in this room. A
gradual descent led to a -

\ gullet opening into other

was full of stalagmites. This long fissure in the rocks pre-

sented a more pleasing variety of grotesque rocks, which have been

.

out by the talkative guide. Some pretty pieces ol

from one of them. Another turn carried us off nearly at rig

and further progress was soon stopped by water—a pool lying across the

path. We were told that the end had never been reached in coo**1

i

:.. ••:':.,- '-:'';. ;

'

.. :.- -
:

- -:'
the search are told to inquiring travellers. The entire ili*-

tance through . and the end of the cave is

but it is not improbable that some might be discovered uuder the floor of

the cave, for its Position are very similar to the fossil

caves of < rail 1 reuth in Germany.

The path back to the Tsieh-ta'i Gan led over the ridge into the upper

other of the stream. Du . 1 the 1 iff, an 1 a -' I

the edge of precipices, scenes of great beauty were continual

One ben 1 iove on the O]
|
•-:;

able by a toilsome ascent of nearly 2,000

down. The hills are known as the Fan an, or Square Peaks, but

each monastery has its own name, and i- d *.•
1 I 1 some I

or legend. The valley is too narrow to be cultivated, but small plats,

near the houses, furnish a few vegetables and flowers. Nearly at the

bottom is a" sheer descent of about 300 feet, over which the water occa-

sionally pours in quantity with no small foam and noise. The temple

placed at the top of this cascade is most romanl

the priests, who have chosen tin:

down, the priests received us cou
but those liviug
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lis spot we e interested than the other;t. The st
are chiseled OUt nf the sides of the rock, and

«ugfiT
ng,r i, i making the toilsome ascei

vegetation
-kilns ; ire conspicuous from their

the grout 1.1 for :» good distance around ; the lime is €

the kilns were not in operation at th
ied with coal, but

ugh and stony in the extreme. There are about fifteen shafts
open, each of their entrances being enlarged into a room where the col-
liers sleep and eat at times, though more comfortable dwellings have been

We engaged a miner to show us down the largest shaft, which meas-
ured on the average only 4$ feet high by 5 wide ; it is cased with willow
s icks in a secure manner, and the roof is particularly well guarded. The

. dd and down which the
miners travel in their daily labor. This shaft is about 150 feet deep, and

long the narrow and slippery steps, by a strap passing over his

i
each load weighing 80 catties. One workman 1

s day's work. The sides of this shaft showed the «

t The whole was very dry, owing probably

;
but some shafts had been abandoned from wet and bad air, and

ouths closed. The laborers are hired out by contractors, who sell

>al to the dealers coming from Peking and elsewhere ; it is all

away on the backs of camels or mules, and it was a painful sight
he unwieldy cam

It is delivered in Peking at about tin

- -~.
.
•.«„ unwieldy camels coming down the rocky, uneven road, onng-

}

ng their loads of coal. It is delivered in Peking at about three piculs

^d, but s

. The coal i

ot a stump or leaf to compare with the fossils of other coal regions ; more

J?

r

J
ul rwear ing to light some indications of this

a\,
enab''ng scientific men to compare the numerous deposits of soft

Si .

d coal in tn is Part of China with the European coal-measures.—
th^ Mail, JVov. 26, 1863.

'• On the probable identity of the Oneida Conglomerate of Central New
fork with the Medina fi

< urator of the State Col-
'ections at Albany, N. Y., in a letter to one of the editors, states that he
"as tound the Fucoides

, . I

J

08*'!, in the I Bar Utica, Oneida Co., N.Y.. and con-
udes on the ground oAhis discovery, and also, as he observes, for strati-

8 apnical reasons, that the Oneida conglomerate is in fact only a northern
Portion of |i- « »• - —

°

• «•
-

F»coid is at
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having been obtained from the rock near Utica by the author more than

thirty years since, which was in all probability of the same species,

although, as the specimen was afterwards lost, the fact is given in the

Manual with a query as to the species. j. d. d.

8. Coal in the Alps of Ml. Cenis.—Ur. Dickinson exhibited to the

Geological Society of London, at its meeting on Feb. 23d, a number of

taken from the rocks now being tunneled through the Savoy
side of Mont Cenis. They are principally from metamorphic rocks, and
as yet no granite has been touched upon. The most interesting mineral

of all is the coal, which is fouud associated with these mel
rocks. It has been cut through in dirl rei •

i
•- in the tunnel. Be-

tween San Michel and Modan similar c • .. - s - >ik I to supply the

district. It is anthracite coal, very similar to the Welsh aiiilmieite.

There is no regular dip in any of these rocks. In one part they are seen

standing up like a cone, the coal sometimes vertical, and dipping in a

variety of directions.

—

Reader, April 16.

9. New Ft Wales; by J. W. Salter,

Esq.—Since the author's paper at the last session of the <
ciety on the di the researches of MR
;:

:..-'
two new genei a new genus of sponge, and to com-

plete the desci iked that the

fauna of the I tion in some of its genera

to Lower Siluriau forms, and some—the .-hells and a Cystidean—are of

.

era; and their evidence quite outwe
j

ited from the Caradoc and

Llandeilo beds by the whole of the Tremadoc group, at least 2000 feet

thick.

—

Proc. Geol. Soc, May 23, in Reader, Ap. 9."

III. BOTANY AND ZOOLOGY.

1. Heath (Calluna vulgaris) in North America.—The earliest pub-

lished announcement that we have been able to find of Callan
as an American plant, is that by Sir Wm. Hooker, in the

Flora Boreali-Americana (2, p. 280), issued in 1840. Here it is stated

that : -This should have been inserted at p. :; t, as • in ia >it tnt of New-

foundland, on the authority of De la Pylaiu." Accordingly, in the 7th

volume of De Candolle's Prodromus, to the Eur
" Etiam in Islandia et in Terra Nova Americae Borealis." But it does not

appear that Mr. Bentham had ever seen an American specimen. He
also overlooked the fact (to which Dr. S.vmai n has re. • tl'\ . ill 1 atten-

tion) that Gisecke, in Brewster's En is a native of

Greenland. No mention of it is mad enumeration

of the known plants of Greenland, s|

1857, —from »rhi< h « f-

Newfoundland or even in Massachusetts!

In this Journal, for September, 1861, the present writer announced
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the unexpected discovery, by Mr. Jackson Dawson, of a patch of Heath
: " '• ';'--

- ir the remark, that : "It may have
>•!}- as it seems; or we may have to rank lliis

Mi Scolopendrium officinal-

»

, and Marsi-
lea quadrifolia, as species of the Old World so sparingly represented in
t

;'
1 " -N '•'•. that they are known only at single stati ns.— perhaps late-

•w-comers." And when, in a subsequent volume
of this Journal, Mr. Hand, after cm ve a detailed
account of the case, and of the probabilities that the plant might be
truly native, we added a note to say that the probability very much de-

i habitat. "As to that,

January, 1839, by the late David D>m,

!
'.

f that inland. Oar friend Mr. C. J. Sprague, however, after

1 ' ' ' was ,. x taiit iii I' s ii nium, oi eisew re that he could
f|

' nafui r k i -k< |
fi i view, ind in tb, 1'ioeeedings of the

1V'^"i Xatu i Hi-tur\ Sueiet\ for February and for May/l862, he
argued plausibly, from nV. r any native

I ever been found in Newfoundland or on the American con-
tinent. It is with much interest, therefore, that we read the announce-
ment by Dr. Hewett C. Watson (in the Natural Historv Review for

. that—
"Specimens of Calluna vulgaris from Newfoundland have very re-

... of that island. At the late sale
of the Linn;, a in London, in November, 1863,1

CMtsi !•. " A collection

-

and presented to Mr. David Don." .and greatly

they had been left in the rough, as

Jopply of paper, and alnioeJ d. Among
;
-

.; with the common heath of our
British moors. Fortu uy these two specimens,

• II .., ;".,r' St. MaiV- I —I "-' Bay, also very

tctsof it." The name

! Calluna itself. And,
rial inter,

ve!V ;;,, name ot the

It is believed by sir William Hooker that he was

the "Flora Boreali-Americana." This gentleman

. i, to which he made several voyages.



We should recollect that the Calluna advances to the extreme western

limits (or out-liers) of Europe, in Iceland, Ireland, and the Azores. The

step thence to Newfoundland and Massachusetts, though wide, is not an

incredible one."

"Without doubt these are the very specimens referred to by Mr. Don,

then curator of the Linnaean Society. And now that the stations where

they were collected are made known, we may expect that the plant will

soon be rediscovered, and its indigenous character ascertained.

We notice that an earlier announcement of Dr. Watson's discovery is

contained in Dr. Seemann's Journal of Botany for February last, wh«M
the record of Gisecke's discovery of Calluna in Greenland is referred to.

In view of this, and of its common occurrence in Ireland, Iceland, and

the Azores, Dr. Seemann opines that "its extension to Newfoundland and

the American not so much a paradox as a fact at

which we might almost have arrived by induction." It seems to us that

the induction was all the other way until the plant was actually diioww

ered on American soil. a. g.

2. Lessons in Elementary Botany : The part on Systematic Botany

based upon material left in manuscript by the late Professor Henslow ;

with numerous illustrations; by Daniel Oliver, F.R.S., F.L.S., Keeper

of the Herbarium and Library of the Royal Gardens, Kew, and Professor

of Botany in University College, London. London and (

Macmillan & Co., 1864. pp. 317, 24mo.—As a simple introduction to

Botany for beginners, this little volume, which has just reached our

hands," appears to be almost unrivalled. It is very simple, but truly sci-

entific, and written with a clearness which shows Professor Oliver to be a

master of exposition. The elements of Structural and Physiological

Botany are presented in eight chapters, occupying a little more than a

third part of the book, n< order, but in a series of

lessons upon familiar plants, beginning with a Buttercup. Three short

and easy lessons are devoted to the Buttercup, upon which all the organs

of a flowering plant and their functions are compendiously taught. The

.:.

viz: Wallflower, Pea, Bramble, Apple or Pear, Cow Parsnip or Carrot,

Daisy, Dead-Nettk , I bringing out clearly the

general morphology of th i'reat exoge-

'-.-.
Daffodil, Tu -hemonoco-

tyledonous class. The sixth introduces the use of "Flowei-

upon a plan devised and successfully employed by the late 1'n.tWor

and of tpoints in the structure of flowers, and of training young pupils

The seventh lesson sketches the development and morpho-

logy of the organs, from root to seed, in regular order. The eighth is

devoted to the anatomy, or "the minute structure and vita! pi

plants." The second part, on "The Classification of Plaoto

few well-chosen remarks on the plan and nature of classification and bi-

nomial nomei means of common types the natural

orders of Br ie properties and common uses. And

. plains how to dry plants, and, by a set of examples,
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how to describe them in botanical language. No one would have
thought that so much thoroughly correct botany could have been so ^im-
ply and happily taught in >o small a volume. "

A. G.

3. JRadicle-ism.—Tbat the stem or ascending axis in Fhs
and the higher Ciyptogamous plants is composed of a series of' similar

parts, viz : of nodes or leaf-bearing points separated by internodes, each
internode developed from the summit or node of its predecessor, is the
fundamental - any. That the embryo (with un-
developed plumale) is sii

;' the series; that its so-

. ju«1 (a the cotyledons
borne on its summit answer to leaves, are propositions which we suppose

nent of Europe, as they certainly are
by the botanists of this country. Simple, clear, and indubitable as this

is to us, our endeavors to impress it upon English botanists,

progress. Some of these

endeavors, or protests, are recorded in this Journal, V. C r.. in the nos. for

»OK, 1867, p. 435; in Nov., 1858, p. 416; in July, 1861, p. 126; in

J.-l; and finalh in N'«.v.. 18G3. p. "435. In the article

t^t ivfWivd to, we noted what we took for an admission decisive of the

led as an axis and not a

,.
.

" :. ••.
iewfor April last (p. 314), in an ,

Hooker also. Propounded by such authorities, the view is entitled to

:

Upon it we remark, fin - new element into the

t' the plant, the burden of proof rests upon the

I to be the accepted view, we have
the plant bui > repetition of homologous parts, of

- ,
"- - • r

the Mntwye is not root,

•"'

•e must be

:-... - -
.

: -
.

" " - '

^wal of our proposition, that the r.: .

r' ode of *he

• , ..
.

. . .. .
• - - :- - '

-
- '

therefore the

r*dicle cannot be an internode ! This is literally true. The series of

n°des and internodes—not being infinite, nor in a circle like the old
. ...
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r the other ; and in our

nicai term of merithallus or

adide is a tertium quid, is,

s below the i"<.r\

the axis abov. long, they Beera capal I

platiat ! i i th \ i t _u - 1 \ < it 3"

5f/. JVw., 3, 18, t. 16 and 17, and to '< 'li can s0

|«ace that the radicle, as to internal structure,

Upon this very ground

in length (• i often, aa in Cucurbitacea, m
Beans, &<;., t portion long after the

;

leveloped in others);

upon what it bears; and upon every i
tve yet been

/, but is "to be regarded as part of the stem or nscei

other intemodes of the plant may be «

If an opposite view is tenable, we crave an explicit statement of the

grounds upon which it is maintained. a. g.

4. Gothe's Essay on the Metamorphosis of Plants, translated into

. Emily M. Cox, is published in Dr. Seemann's Journal of

Botany, for November and December last. The translation is augmented

reader to a • orrect un •'\ >--:iy. It would be

well to trand -"• A - °-

.

5. Equixetnm.—ln the same ;-

• Dr. Blilde, On the Geographical Distribution

of the Eqiiixetacece. \\. - that—
.

At present only 26 pieces of Equisetum can be dieting

L, E. diffusum Don, £
LI. & Bonpl., E. palustre L., j£.

"
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E. Brasiliense Milde, E. Schaffneri Milde, E. giganteum L., E. myrio-
- iilecht. & Cham., E. debile Roxl.. E. Mex,iranum Milde, ^.

tlongatum Wil .. A'. >
',.*',.. A. Braun, E. Icevigatum A. Braun, jE

1

.

md ^ scirpoides Michx. It appears that Dr. Seemaun has an
additional species from the Feejee Islands.

# elongalum is the mos -. i iz : in Europe to
lat. 51°, N. Asia, North and South Africa, Mexico, and Chili.

Europe with thirteen species does not possess a single peculiar one,

hybrid, and E. Schleicheri and E.
trachyodon being regarded as only subspecies.

America contains the greatest number of species (21), and those of

irica are the most peculiar. E. xylochcetnm of Peru, and
E Brasiliense of Brazil, have the stem 10 feet high and an inch in

it still more

.

latter, i£ Braun'u Milde, and A. Braun's robustum and lasvigatum, the
former extending into Mexico. a. g.

6. A. Braun on Manilla and Pilularia—As a precursor to an ex-
tended monograph, Prof. Braun has brought out, in the Proceedings of
toe Berlin Academy, in 1863, a full list and arrangement of the species

nu». writes the name). He re-

'
-

rtion, 4 are found in Europe, Northern

ia, 12 in Central and Southern Africa

is common to b ,-h X,,ith Am t i .r I iZin <\
.—

~> m Au-tialia, and 4 in

•

follows, under their respective sections.

A. Fruits 8 to 20, placed on recurved peduncles in a single row far up
the petiole, from the outer edge of which they spring, globose,

without teeth.
M. polycarpa, Hook. & Grev. Mexico and southward.

B
- Fruits 2 to 6, mostly 2 (exceptionally 1), seated on a little above

the base of the petiole, more or less compressed, mostly oblong,

with two teeth. (Peduncdes erect, confluent for some distance,

sometimes more than half way up.)
•W. quad at, at only one known locality, where

it was discovered by Dr. T. F. Allen. (Temperate Europe and

Asia.)

M. macropus, Engelra. (non Hook.) Texas.

C
- Fruit solitary at the base of each petiole, more or less compressed,

with or H les erect or ascending.)

«. uncinata, A. Braun. Arkansas, Texas.
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Bran a. (if. vestita, Torr.)

M. vestita, Hook. & Grev. Oregon, New Mexico.

M. tenuifolia, Engelra. Texas.

Prof. Braun also enumerates four species of Pilularia. Under the

h peduncles erect, P. globulifera L., the original species, of

Europe and Northern Asi*. Under the other division, with peduncles

is P. minuta Durieu, from the Mediterranean re-

gion ; P. Nova? Hollandice A. Braun, of Australia; and, which is espe-

esting, P. Americana A. Braun, from Arkansas!

The above account is abstracted from the notice in Dr. Seemanns

Journal of Botany. a. g.

7. "A National American Herbarium.—Two years ago, Prof. Asa

Gray made the munificent offer to the University of <

'
mib i !- . M t-;i-

chusetts, of his and Library, upon condition that a

suitable fire-proof building should be erected for their reception, and a

fund invested lor their adequate maintenance. The subject has been in

abeyance until recently, when a banker of Boston liberally offered to de-

fray the cost of the required building, provided others raised a fund to

meet th invnt ev| n— >f tl .-ta - ..-lit. We rejoice to find that

this truly national collection, of the greatest importance to American

Botany, is in a fair way of being dia mce with Dr.

Gray's views. We and nam is likely

to prove a nucleus around which other collections of much importance

will probably accumulate.
.* We sincerely hope that, through the well-known liberality of Ameri-

iiium and Library may be put upon such a footing

that Prof. Gray may be so far relieved of its management as to be able

to devote hims ich we know to be very near

—the completion of a Flora of the North American Continent. For this

great work Professor Gray has accumulated a very large amount of mate-

rial ; and no ogbly qualified in every way to carry

out such an undertaking."

—

Nat If . 1 864, p. 313.

8. Annual Report of the Trustees of the Museum of Comparative

Zoology of ( rith the Report of the Director, 1863.

56 pp., 8vo. 1864.—The Museum of Comparative Zoology at *

under the direction of Prof. Agassiz, is making rapid progress in the en-

largement of its collections and the arrangement of the specimens. The

additions during the year 1863 are as follows :

Mammals, 117 206

Birds, 820 1676

Fishes"

8
'

183 1984

630 4537

Between 2000 and 3000 Nearly 170

Crustaceans, 273 3042

Mollusks, 1443 33,594

Echinoderms, 240 1912
Acalephs, 40 175

Polyps (and Corals) 125 1006

t is also doing much work in investigation, and in exchanges
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*Jnnn
A
J
USe

u
m h

?,.
a Srant from the Legislature of Massachusetts of

• 10,000 tor the publication of an illustrated catalogue, the first part of
which is already in the press. An i. •',, Museum is
""; '

.
' -

^ :

- -. •

-

(OH their form ,n alcohol, on which Prof. Agassiz remarks as follows:
*or many years past I have caused diagrams to be drawn to illustrate

more fully those specimens in the Museum, the characteristics of which
are not easily preserved in the usual mode of exhibiting ohje, t* „f natinal
history. Many animals are so very small that, unless they are :

- !

.

' i ' - .: -
:

-., .'

when preserved in alcohol, or lose their natural form and color to such an
extent, that they appear like shapeless masses in the jars in which they
fre put up; still others are so delicate in their structure that they can
nardly be preserved at all. It appea
these objects should be exhibited to the eye of the student as fully as the
largest animals which from their very nature may easily be preserved
either whole or in parts. The simplest way to attain this end was to
nave enlarged drawings made of all these objects, either from living spe-
cimens or copied from works not readily accessible to the students of nat-

-'
.

Many hundreds of these diagrams have already been made by my friend
adt, some of Which are now on exhibition in the Museum,

andin a few weeks every available space in our public rooms will be oc-
cupied by those which thus far have remained in portfolios. This will
greatly add to the interest of our collections and form a novel feature in
the Museum, which I have no doubt will soon be imitated by others."

9. Observations on the development of Raia Balis; by Jeffries
WniAN, M.D., Hersey Prof. Auat. in Harvard College. 14 pp. 4to,

Jul
a

\

plate
" (

From the Memoirs of the American Academy, vol. ix, pp.
1-44.)—These investigations by Dr. Wyman were made on a series of

eggs collected in the spring of 1851 and of the three subsequent years.

,

more important conclusions arrived at are stated as follows at the
close of the paper:

(1.) The yelk case is formed :

anu is begun previously to the
wi»ch is to occupy it

(2.) The embryo, before assuming its adult form, is at first eel-shaped,
n
j*
then shark-shaped.

^(3.) The embryo is for a short time connected with the yelk by means
a slender umbilical cord ; the cord afterward shortens, and the young

8*ate remains in contact with the yelk until the end of incubation.

V4 -) There are seven branchial fissures at first ; the foremost of these
8 converted into the spiracle, which is the homologue of the Eustachian
woe and the outer ear canal: ih <-i-ii:li i* wholly closed up, and no

T-
e

w!aius; the othe,s remain permanently open.
l«>0 There are no temp !

- or filaments on the first

*Jd seventh arches; ..» the others the fringes are developed from the
r and convex portion of the arch, and are not at first prolongations

0f̂ e internal gills.
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(«.) The nostrils, as in a 11 Vertebrates, consist at first of pits or inden-

in the integument ; secondly, a lob 5 is developed on the inner

of each ; and, finally, the two lobes t ecome connected, and thus

le homologue of th fron to-nasal protuberance. The transitional

tU ,rr.< of these correspond with the adult conditions of them in other

of Selachians.

' :^ The nasal grooves ire compared wit the nasal pass

ng animals, and the cartilages on eith r side of these to the max-

ll.-t-v

The foremost part jf the head is formed by the extension of the

isk forward ; while going on, the cerebral lobes

d n_f beneath the optic
„ „»!.« ««, nm-ll a rA <W

(9.) Two anal fins, one quite large and the other very small, are de-

nt both are afterward wholly absorbed.

(10.) The dorsals change position from the middle to the end of the

tail. At the time of hatching, however, there is still a slender terminal

portion of the tail, which is afterward either absorbed or covered up by

the enlarged dorsals, as they extend backward.

10. On the Embryology of Echinoderms ; by Alexander Agassiz.

30 pp. 4to, with 4 plates. (From the Memoirs of the American Acad-

emy, vol. ix, 1864.)—The author takes up in th -

ids, Ophiurans, and Holothurians, illustrates the development

1 descriptions and figures, and then

compares the results with what is already known of the development of

our common star-fish, in order to trace out the agreement of the mode of

formation of the young in these four subdivisions of Echinoderms. Ifc

Agassiz concludes that, in each, the
j

kge is in form

iral star. He says, respecting Miiller's observations, that it is

natural that his idea, that we have in the development of Echinodenns

from the bilateral to the radiated form, " should have made

such a strong impression as to prevent his noticing the radiated character

of the young embryo, hidden as it is by an external appearance of bi-

lateral symmetry. And had it not been for the clear idea we now have

of the character of the parts of radiated animals, (see L. Agassiz, Contrib.

Nat. Hist. U. S., iii, iv,) I doubt not that Miiller's view would have

gained general acceptance among investigators; and the wl

work of classification, based upon the idea that a plan pervades the dif-

ferent types of the animal kingdom, would have fallen to the ground, »

it could have been clearly proven that in Echinoderms we had a transi-

tion from one of these plans to another."

11. On Dimorphism in the Hymenopterous genus Cynips, with an ap-

pendix containing hints for a new classification of I

Cynipidae, including descriptions of several new species inhabiting the

Oak-galls of Illinois; by Benj. D. Walsh, M.A. 58 pp. 8vo. (From the

Proceedings of the Entomological Society of Philadelphia, March, 1864,

pp. 443-500.)—The Cynips studied b\ M . Vv t -U !,.<.-.• galls on a spe-

:"•. -
. v :-.-.-.-

;

:'-., .- .,-.••. -

:

: ;.; :

:;: -Li; -. \
;

in October and November, and also in .mother form
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of Cynips—the Cynips aciculata, hitherto regarded as a distinct species,

. Mr. Walsh appears to prove
'

the latter, although widely di I ictera, is only ano
form of the C. spongifica, and, thence, that thi

ftls produced in June live but 6 o

bj the aciculata! In reply, he
-in the analogy of Apis, Bombus, etc., that "the female

aciculata generates galls which produce by parthenogenesis male xpon-

tlDg in June,

the same month, in the young buds of the oak, eggs that re-

main dormant till the following spring, some of which then produce
:(' in the autumn or

•«
J JO

•

_vnerate male
spongifica to •• It may also

be the case that some few male spongifica are generated by female spon-

fijiee." The author next sustains this opinion by mentioning some of
the analogies that have been observed in other Hymenopterous Insects.

12. On >i • <v; by G. C.

Waluch. (Ann and Ma- Xat. Hm.. [3]. xiii, 7"2 )—Mr. Wahicli drains
ike view of Prof. Max S found some-
'i " - in slh - f Jih , are foreign to the Rhizopods, and a re-

sult of a sponge-growth within. He shows that the spicules of a sponge

layers of silica about a linear vaccuole as its axis, the layers being se-

creted at unequal rates on the inner and outer surfaces ; and that no
such mode of secretion is to be found in anv Rhizopod. In the forma-
tion of the shell of a Rhizopod, the first layer of shell is deposited from

•de-mass, and no further deposit takes

iition is made from without, and takes

place from a s le which is connected with the interior

sarcode thr.oug a imperforate genera "probably by a
reflexion of tl nam aperture of the last-

'--.; ' •'

sarcode, win-, ga and structure to the

•hell, he calls This same method of

" '•
'

; ,....,. :, :.
.

'

'

'•
-

• -T

or skeleton formed by additions derived from an

.
- -

, .. ."

;
"

•;

\ . -

• .";..:"

- ,
•

'

'
"
' "

-, frustrate of a free-floating pelagic

[fbe tendency to the -row th of sponge tissue with its siliceous spicules

ction with the formation of Glauconite (green ma-

id) in Rhizopod shells.]
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13. On the Law of the Production of the Sexes in Plants and Ani-

mals; by Prof. Thury, of Geneva. 1—Mr. Thury's memoir is di

three parts. In the first, entitled "Deduction of the Law of the Sexes."

the author indicates the course of ideas w hich I

The second, which is shorter, contains, under the title of - I.

complete exposition of the author's

prepared by Mr. Cornaz, in which this clever agriculturist *

,t"s which he has made, during two consecutive years, iui mc

verification of the author's theory, and by which this theory appears to

be completely confirmed.

The limits of this article do not allow of our t'.-:..\\ iiicr tin* author

ie whole series of reasonings by which he establishes his theory.

We sh ui only state that the study of plants, in which, by th

ment of the influence of external agents, the observer is enabled to insti-

gate the development of either one or the other sex, seems to prove that

the development of the male sex is always related to those gen

lace B more complete maturation of the juices and a more per-

fect development of the organs. This fundamental

to the animal kingdom. He refers, in the first place, to the fbi

identity of the two sexes—an identity which allows us to explain the

and amount of development. He then seeks the causes of these differ-

ences, by analogy with plants, in the conditions which, at a certain mo-

ment (v'-rj near" the first origin of the organism, since it is anterior to

the determination of the sex), produce a more complete development in

the case of a male, and a less advanced or less complete development in

that of a female.

It remained to fix the precise moment at which this primary determi-

nation of the sex takes place. This might be before fecundation, or

retarded. - anient of the

ovum, must generally induce the production of male individuals. Now,

in bees, according to the observations of Huber, if the

feeundati

posited are male eggs. According to Mr. Thury, the

the product; >re precede the act of fecundation.

It is true that in bees the interpretation of the facts is very complex,

partly on account of parthenogenesis, partly in consequence of some

:.- .'•;.
.- i - :: "- :...!. - ; ' .- .••-''-.. :

"'" '

poultry, the eggs last laid nearly always furnish tl

able that the last eggs which detach themselves

from the ovary of the fowl are those which have had the most time tor

ggs are fecundated, as all physiologists are aware,

i
.ugh the upper part of the oviduct. Therefore

here also, when the feeundation is retarded, males are the result.

J

Translated by W. S. Dallas, F.L.S., from the abstract by Prof. I

. I, 1863, p. 91, for the Ann. Mag. Nat. Hut.,
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It was easy to apply the preceding data to the uniparous Mammalia.

. and it may be fa inflated at any time during the whole
period that the female continues in heat, and consequently when its ma-
turation or development is more or less advanced. If the :'.

take place at the commencement of the period of heat, a female is the

at the end of this period, a male. This is the conclusion *h\. h
is fully justified by the experiments of Mr. Cornaz.

it is plain, according to the author, that the life of the unfecundated
i-ible into two periods. In the first of these it is in principle

a female ovum, in the second a male ovum. The turning moment (mo-

'»), according to the author, is the time (probably very short)

1 in which the natural course of de-

velopment induces some sudden change, the nature of which histology

t be life of the ovum may be modified under the influence of

J part of some
of the female, whence vvoi.

er to individuals of their c

influence of tl n of the fe-

male, would also produce similar results.

The author, in ,il h s d< In. ti< ns, appears to start from a general point
°f view, which he certainly indicates, but nowhere demonstrates i

positive manner, r<

sions of the same kingdom' This admits of i

(and this is the difficulty) we have yet to

1 tYom the infinitely l

tions by which tlm- -.an.- 1 1\\- a-.- realized in combination.

The secon.

:

:
i

. Tbuiy's memoir are here reproduced

| it be fecundated, produc
is passed, the ovm sees a male.

3 - When, at the rutting-season, a single ovum separates from the ovary
to descend slowly through the genital canal (as in uniparous animals), it

rutting-season to produce females, and at the end to produce males—the

at of the ovum occurring normally during its passage in the

genital canal.

.
4. When several ova separate successively from the ovary during a

"ngle generative period (muciparous and oviparous animals in general),

«e first ova are generally the least developed, and produce females; the

«»t are tnot , ai,s. But if it happens that a second

period succeeds the first one, or if the external or orgauic con-

,h may not Attain to the superior

degree of maturation, and may again furnish females.
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Ceteris paribus, the application of the

•

of the phenomena of heat h he proposes

to act, in order that he may know exactly the duration and the signs of

the rutting-season, which frequently vary in different individuals.

6. It is evident that no certain result can be expected when the signs

of heat are vague or equivocal. This km in animals

living in a state of freedom; but i i ids or in the

stable sometimes present this abnormal peculiarity. Such animals must

7. From the mode in which the law ruling the production of the sexes

has been deduced, it results that this law must be general and apply to

all organized beings,—that is to say, to plants, animals, and man.
It is necessary to distinguish carefully the law itself (1 and 2 of this

summary), which is absolute, from the applications of it which may be

made with more or less facility.

Third Part—Notice by Mr. George Cornaz.—I, the undersigned,

George Cornaz, administrator of the estate of my father, the late M. A.

Cornaz, President of the Agricultural Society of ""La Suisse Romande,"
at Moutet, in the Canton de Vaud, certify that I received from Mr. Thury,

Professor in the Academy of Geneva, under date of the 18th February,

1861, some confidential 'inst u<
f on> the < ject of which was an experi-

mental verification of the law which governs the production of sex in

I have applied to the management of my herd of cows the data fur-

nished to me by Mr. Thury, and obtained at once, without any uncer-

tainty, all the expected results.

In the first place, in twenty-two successive cases, I wished to obtain

heifers; my cows were of the Schwitz breed, and my bull a pure Durham

;

the heifers were in demand amongst breeders, and the bulls were only

Bold to the butchers. I obtained the desired result in all cases.

Having subsequently purchased a cow of pure Durham breed, I de-

sired to obtain from them a new bull, which might replace the one which

I had bought at great cost, without waiting for the chance of the birth

of a male. I operated in accordance with the directions of Prof. Thury,

and the success again confirmed the truth of the process which had been

communicated to me—a process the application of which is direct and

Besides my Durham bull, I obtained six other bulls, of a cross-breed

between the Durham and Schwitz, which I intended for work : by select-

ing cows of the same color and size, I obtained very well-matched pairs

My herd consists i of forty < 3 of all ages.

To sum up, I ha experiments according to

ie new process, and all hav< ;gi .ven the desired product, male c r female:



as real and perfectly certain, hoping that he will soon be able to profit all
breeders and agriculturists in general by a discovery which will regene-
rate the business of cattle-breeding. (Signed) G. Cornaz
Montet, Feb. 10, 1863.

14. Catalogue of North American Butterflies ; by J. Wm. Weide-
meyer. 42 pp., 8vo. From the Proceedings of the Entomological Society,
Philadelphia. Printed by the Society, 1864.—The species included in
this carefully prepared Catalogue are those of the Diurnal Lepidoptera,
and the names of all are embraced that are known, thus far, to inhabit
the continent of North America from Panama to the Arctic. References

synonymy.

IV. ASTKOKOMY.

of them are unreliable, and for all we may reasonably assume :

probable error. Yet taken together they have value in i

terrestrial physics, and they furnish a basis for important dedu
specting the shooting stars themselves. The observations in August and
November last will furnish considerable additions to the table.

In the second and third columns are the dates of observations in local
time. The apparent brightness of each shooting star is expressed by the
symbol or figure in the fourth column. This indicates the planet, or
the magnitude of the fixed star, that is equal in brilliancy to the shooting
star. Two numbers in the same line indicate that the observers differed
in their estimate. In the fifth column is the computed altitude above the

> first appearance. The unit is

he geographic mile, the sixtieth part of a degree.

s shooting s

' altitudes as the observers, or

others which for certain rea-

especially unreliable. ' To the former class belong Nos. 2, 9,

™. 20, 35, 39, 40, 48, 56, 65, 73, 83, 95, 96, 102, 103, 106, 107, 110,
!46, 176, 206, 219, 223, 228, and 292. There was a small parallax, or
a 'arge probable error, for Nos. 3, 50, 51, 60, 79, 88, 90, 91, 121, 123,
12 4, 154, 160, 196, 200, 217, and 218. The altitudes of Nos. 125, 128,
'"*» ia&, 136, and 167, are very iraproDaDie irom tneir magnitude.
Other large a i

s of the smaller ones, might perhaps
*

1 from the fifth and sixth, to the

Astr., Geogr. und Meteor., Svo, Leipzig.
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Table of altitudes of Shooting Stars.
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The altitudes Nos. 231-239 were computed from the observations.
A part of those from No. 25 to No. 87, are taken from Feldt's article,

!
' \ h., x\ ,'». V few mini 1- 1 rli sixth. unm lepresent the

height of the middle point of the path, as Nos. 281-284.
The altitudes Nos. 313-340 are taken from a diagram given by Her-

schel in the Proceedings of the British Meteorological Society. I have
not seen the printed results of Prof. Heis's observations. But as the

ry much more reliable than most of those in the table, I have
ventured to add it to the rest, although the numbers are liable to consid-

erable error in the two processes, of engraving, and of measuring from the
d'agram.

% loith Planetary Configurations ;
* Royal

, On Si

The author

Esq., Observatory, Kew. (Proceedings of Pvoyal

La Rue,

these begin

itendeace of M
: ascertaining if the beh;

-*"

y configuration. The following law

isc be full of spots at any tn

t comes up by means of the s

L De
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1 elliptical longitude, another will do the same. In fine, all spots

clearly proved that sun-spots behave in this way, the only possible expla-

nation is an influence from without. It was then shown that the influ-

ence of the planet Venus appears in this respect to be particularly pow-

erful, the law being that, as any portion of the sun's disc recedes from

the neighborhood of Venus, it acquires a tendency to break out into

spots, while, as it approaches Venus, these spots begin to heal up. The

author then referred to Mr. Carrington's observations on sun-spots, which

appeared to indicate that the period when Jupiter is farthest from the

sun is most favorable for the development of spots over all portions of the

sun's disc, more or less (the sun's diameter being here small compared to

the distance of the planet). Coupling this with the observation regard-

ing Venus, it may perhaps be inferred that the approach of a planet to

its primary is favorable to luminosity, while the secession of the planet is

favorable to spot production. Proceeding now to variable stars, the best

formal explanation of the phenomena there presented is given by that

hypothesis which supposes the star to be partly dark and partly bright,

and to rotate on its axis, presenting to us the dark and bright portions

alternately ; but this is physically improbable. If, however, we suppose a

large planet to revolve near the star, we shall have, if the above law holds

true, a bright part next the planet and a dark part farthest from it ; and

this a

equivalent to a body partly dark and partly bright. Again, if a large

planet have a very elliptical orbit, there will be a long space of time

during which the former is far removed from its primary, and a short

space during which it is very near ; and, if we assume the law stated

above, we should here have a long time of comparative darkness and a

short time of intense brightness. Such an alternative is presented to us

by temporary stars. On the whole, therefore, this law seems to explain

all that is yet known on this subject, and may, perhaps, be of use as a

temporary hypothesis.

—

Reader, April 23, 1864.

3. Observations on the Spots on the Sun from Nov. 9, 1853, to March

24, 1861, made at Redhill ; by R. C. Carrington, F.R.S. With 166

n a notice

-[A copy

-Eds.]

All our text-books tell us that the Sun turns on its axis, the period

of his axial rotation having been deduced from observations of his spots.

But, from the time of Galileo, who made the period of rotation about a

lunar month, down to our own, authorities have differed very considerably.

MttU Astronomy," gives a period of 27d

8h (he quotes no authority). Laugier found 25-34d , and later observers

have made it still less.

Mr. Carrington now comes to the rescue, and tells us that the spots travel

at different rates, depending upon their distance from the equator either

north or south, and that the different rates are bound together by a law, so
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that be is enabled to represent all the rates very nearly by the formula:
865-165' sin J lat.

Consequently the sidereal rotation of the equatorial photosphere is ac-

complished in 30-86 days, and of that at a latitude of 50° N. or S.—the
highest point at which spots have been observed—in 28*36 days.

We said of the photosphere ; the Sun itself—whether it be the glade-
bedeckt world imagined by Sir Wm. Herschel, or the incandescent globe
required by both the old and the new philosophies—has revealed none
of its secrets to Mr. Carrington. But it is clear that it must be content
with one only of these differing rates of motion; and the

q
which is it? Sir John Herschel, in an -nin-spots, in

the last number of the Quarterly Journal of Science, deals with this

question. Mr. Carrington considers that the views of Professor Thomson
"on the Mechanical Energies of the Solar System " are supported by his

discovery, supposing that the Sun itself travels more slowly than the

equatorial photosphere. He remarks;—"In the absence of an impressed

motion from some such external force, it would be expected that the cur-

rents of the b 1 resemble those of the Earth's ocean
and atmosphere, and be westerly and toward the poles in the tropical lati-

tudes, and easterly in the higher latitudes ; the direction of rotation in

such cases being the same, and the equatorial region in each the hottest."

Besides determining anew the elements of the Sun's equator—in other

words, the position of the Sun's pole-star—Mr. Carrington has put us in

possession of an important fact regarding the minimum period of sun-

spots. He detected " a great contraction of the limiting parallels be-

' '
"i spots were found previously

poch the apparent commencement of two fresh belts of spots

in high latitudes, north and south, which have in the subsequent years

shown a tendency to coalesce, and ultimately to contract, as before, to

extinction."

In Sir John Herschel's paper, to which we have before alluded, there

is a passage which showsV a very strong light

marks of Mr. Carrington. In attempting to account tor tne pnenomena
of sun-spots by the presence of a nebulous ring, he writes :—

"Let us suppose (and such a supposition has not been deemed inad-

missible in attempting to account for the periodical return of meteors)

the existence t porous, nebulous, or small planetary,

matter, with such a major semi-axis (4-979) as corresponds to a periodic

tune of each of its particles= 11-11 years; of such eccentr;

brmg its perihelion within the limits of the solar envelopes; and revolv-

mg either in the plane of the ecliptic or in some other plane at a more

considerable inclination of the sun's equator. Let it be further assumed

lalogy with assumptions not regarded as unreasonable in the

meleoriferous ring) that the distribution of the circulating matt

not uniform-that 'it has a maximum and minimum of density at nearly,

tat not quite, opposite points, and no great regularity of gradation be-

tween them. It is very conceivable that the matter of such a ring, in-

troducing itself with planetary velocity into the upper and rarer regions

f the sun's atmosphere at an incidence oblique to its regular and uni-

form equatorial drift, might create such disturbances as, either acting di-
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rectly on the photosphere, or intermediately through a series of vortices

or irregular movements propagated through the general atmosphere,

should break its continuity and give rise to spots, conforming in respect

of their abundance and magnitude to the required law of periodic re-

currence. If the change of density from the maximum to the minimum
were gradual, but from the minimum to the maximum more abrupt, so

ruptly—the fresh and violent impulse would be delivered first of all on a

region remote from the equator (by reason of the obliquity of the ring),

high latitudes.

If the section of such a ring as we have supposed at its aphelion were
nil, the period of 11 "11 years would I : the maxima

with perfect regularity, and the

»r me spots in the several phases of the same
sd ratio. But if not, the several parts of the

n precisely equal times—the period of 11-11

that ot some dominant medial line, or common axis of

in which a considerable majority of its matter was con-

of perfect coincidence of the other revolutions

confuse without obliterating: the law of

which, supposing the difference to be

might still stand prominently. Now,
copious

ty, and "that their diff

ire were two such medial lines, or more copiously sto.

ving a maximum or minimum of density, and that their difference <

riodic times should be such as to bring round a conjunctic

parallel of Dr. Wolf's long period

and his series of greater and lesser maxima."
We have given this extract to show the value of a single well-ascer-

tained fact ; and we congratulate our author upon the possession of that

sagacity which, by limiting his field, has enabled him to produce such

edal of t)

of the I 7 of April 18th last, the Keith medal was
presented to Prof. Wm. Thomson, with the following remarks by Sir

David Brewster, Vice-President of the Society and Chairman of the

meeting :—" Professor William Thomson, who was elected a Fellow of

the Society in 1847, has, during the last seventeen years, communicated
many valuable papers to the Society which have added greatly to the value

ofits transactions. These papers, and others elsewhere published, relate

principally to the theories of electricity, magnetism, and heat, and evince

a genius for the mathematical treatment of physical questions which has

not been surpassed, if equalled, by that of any living philosopher. In

• mathematical theory of electricity he has greatly extended
* u " geueral theorems demonstrated by our distinguished countryman,

'. Green, and was led to the principle of ' electrical images,' by which
was enabled to solve many problems respecting the distribution of

ctricity in conductors, which had been regarded as insolvable by the
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most eminent mathematicians in Europe. In his researches on thermo-
dynamics, Prut; .....

j i , m, ., !. „ 1 ....„ , ,„ ,,ly successful. In his paper
'On the Dynamical Theory of Heat,' published in our Transactions for
1851, he has applied the fundamental propositions of the theory to
bodies of all

, ,.. . in ,| Jmrxirtant re-

rding the specific heats of bodies, which have been
'

experiments of Mr. Joule No t< u
are Professor

| , rVi.i.ii k-
able paper « On the Mechanical Energy of the Solar System '—his re-

i the conservation of energy as applied to organic as well as
processes; and his fine theorv f 'he i. - i .; .n of energy, as

- paper 'On a Universal Tendency in Nature to the I>i">sipa-

chanical Energy.' To these we may add his complete theory

itive to the secular cool-

globe, and the influence of internal heat upon the temperature
e. The value of labors like these could not escape the no-

tice of the Conn, i] of this Society, and they would have entitled their

Keith Prise had they not been presented to the Society

Keith Medal has been
jpu-'l'-d u> !V,f...s(ir TIimihvmi, but for the very i

-

;. inson, I am proud to think, an.i I am

oas such a representative in the University of the west, while, in our
own, it has one of kindred genius and power."

—

Tioi ;
,-. April _':;, 1>(J4.

-; x
• R. I. Murchisoa.—The Wollaston Gold Medal was awarded

*'' » ' B. I. M m - .\ the G logical So< iety, it ta

• . '

all the rocks beneath the Old Red Sandstone that form the

-Reader, March 5.

3. Man formerly accompanied bij the Reindeer in Central France.—Wet and Christy have found "in eaves in central France (that of

ntaining bones of the Reiudeer and
'

V

a slabs of stone having

UHndo'i-, scwial veit^.i^ arc sometimes found united, and

_-ion] and the long bones are u-uaily

.7 " ' .
.:: -. ;-

^Qal dental plate of the old Elepba I met with.

- in what m Don Numerate Europe.—N<mv. Obs. de MM.
, Comptes Rend.. Iviii, Feb. 29, 1864.

Jot.-R.Sci.--. :;. No. lli.-JrLi
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4. Extracts from a paper on the Geography of British Columbia and

»a of the Cariboo Gold District ; by Lieut. H. S. Palmkk,

R.lv— Lieut. Palmer m - ry of gold in

- t'iv>U '

;
-it-* h I irra.l ill\ I • ii ti i 'lui

the, snd ** .1, of Cariboo

bad been rea 1. I 500 t'i m t in ntl f th u is

with Th.- t-i-iv nf a ,'-mi.J survey.

the colony, the se.itT, rod of vhieh extends 5<»c

Qgth by Vancouver and Queen Chariot!

This seaboard is indented in the most extraordinary manner by deep bays

and arms of the sea. piv- miner an extent of sheltered inland i

and an actual length of shore-line, such as are nowhere equalled on

any similar stretch of coast in the world.

the most mark 1 pin eal itu o the < ntrv. viev gi from the

100 miles in breadth. The coast-

tait* w known as the Cascade or Coast rang

wide, the western slopes of which are covered with the most m
forest. Its sea-front is everywhere bluff and abrupt and qn

the shore, except where the'Fraser falls into the San Juan Finn S,,mi,l,

when it recedes some 40 miles. The eastern side ot the

the trees more scattered, and the general profile less abrupt. The prm-

thifl ehain is about 5000 feet above the sea, a
|

aeteristie -""<•*' "f peak-. lie

east side are naturally longer and less impetuous than those oa

-an, and thread the moun-

sotn is. Above some of these, g
hem .ecu ;

but nothing authentic seems to be known on

ry of the table-land, which is well suited for pastoral pur-

pe.es, is <l,>erii , 1 in hi-Ii terms ; the rivers luu ing oc< asionally hollowed

out for themselves channels of immense depth, in which occoi

cascades, some of which are mere fissures ; in other cases runm

],n.;e! iM-rar.-d valleys, or in vales of gently undulating slopes covered

Kjaely dotted with yellow pines. Her.

. which, like the rivers, are well Ml]

numerous km Is of fresh-water fish. Above 3000 fee?, th- .

-.... _-:--
antle of dwarf fir. Here farming has proved

at an elevation of 2100 feet, but Lieut. Palmer doubts whether

.Me time must not elapse ere enough grain can be raised i

the more the --d valleys, to admit of its finding a

-

-

of the colony on this side. The only portion of this unexplored regioi

where white men are to be met, is Cariboo.

Cariboo lies in the elbow formed by the upp<

and is bounded on the south by th

» of the Fraser,
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e is the confused congeries of hills of considerable altitude, from
> 7000 feet high, thickly timbered, whence subordinate ranges ra-

centres. Each valley thus formed is the bed of a stream of
less proportions, from the tiniest, called 'gulches' by the miners,

jump* 1 over, to respectable sized rivers. All these have

!eposits of gold. A circle of three

which are the most notorious gold-beds
tain contains the headwa
lar area, the streams in

riewa from the summits of tbele mountains are described

A successi -its have been traced, following the

: t' the main chain of mountains extending from the south-

ern boundary of the colony to the Peace river, i. e., over 7°
1 if

H0° mid 122° W.
i he winter of ( 'ariboo appears to be much more severe and prolonged

!-':,, I. and will much retard the

if the mines, which are accordingly during tluit sea.-on

t0 ~3o° C. (31° b. w zer<> <>t 1- ihr.), when of course nothing but under-

an be wo.k .1. The thaw, which commences about April,

- •

pearance, evei g to the hills enclosing th

5 of excellent waggon-roads

The author, in a J <* &* FrM«»

g^ter; and tb &« annually.—Ft

#°!f. Georjr. Soc, March 14th, viii, «7.
5 - A newly discovered pass across the Andes.—Senor Cox, the soc

m ^glifcl, ;, :
. d a pass across 1

Andes, not over 2800 feet big •

I'
art- H« started

1862 from Port .'

:

v containing 15,C

Mutants, n. d by way of the t™ Llanquilhue and Todos
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6. Violet colors from iodine.—Prof. Hofmann has patented in England

the process of manufacturing a new color, obtained from iodine, which

used for dying, is made by mixing rosaline with the iodids of ethyl,

methyl or amy I.— Aihenaum, Ap. 2.

7. The Holy Land and Dead Sea.—An expedition from France con-

ducted and equipped by Due de Luynes, and having L. Lartet, as its

I now in the region of the Holy Land and Dead Sea, engaged

tion» bearing on unsolved problems connected with that part

of Wester . Asia. According to a brief report made by Daubree to the

V i] \r^ f Sei.<n<vs a th M in. Lin./ in M uch, cave deposits abound-

rere found soon after landing at, Bey-

rout. It is reported also that Mr. Vougoue has discovered flint knives in

a cave at Bethlehem, and also on Mt. Sinai ; and that the former locality

will no doubt be examined by the Due de Luynes's expedition.—Reader,

8. Bone-Cave in Borneo.—A bone-cave has been stated to occur in

Northwestern Borneo, containing numerous bones in the hardened guano

which constitutes its floor ; but none of the bones have yet been col-

lected or examined.
' 9. Heights in the Rocky Mountains.—Pike's Peak, according to ob-

« .
<'. Parrv.'in Julv. 1802, has an elevati. :. of 1 1.215 feet.

and Mt. Gray, on the upper waters of South Clear Creek, of 14,245 feet.

Mr. Parry remarks- that the observations in both these cases were made

under unusual l&nces, and are believed to

curate results.— C. C. Parry, in the Daily Rocky Mountain News, for

March 13, 1863, Denver, Colorado Ter.

10. Astronomy in France.—A proposition has emanated from Le Verrier

for the establishment of a comprehensive Astronomical and Meteorological

Association, the head office to be in the Imperial Observatory. The As-

sociation, the plan of which has been approved by the Emperor, will be

under the direction of Le Verrier.

—

Athenceum, May 28.

11. Law for the primary and secondary barometrical maxima and min-

ima in each half-month.—Mr. Pliny Earlk Ckasb, of Ph

Bounces in a letter dated June 4th, that on the 17th he will read before

lining his law for the primary ana

na three
J

' the averages, and that in the remaining

fifth, the greatest deviation is one day.

12. Chicago Observatory.—An asti

centlv commenced at Chicago, through the liberality of some of her citi-

zens," to be connected with the University of Chicago. A large equato-

rial telescope, now partly finished, has been ordered from A
of Boston, which is to be 23 feet in length, and 18| in aperture. It is

to cost, including transportation and mounting, $18,187, and to be fin-

ished in June, or some time before the tower is ready for its reception-

The tower is to be octagonal in shape, 35 feet in diameter and 100 feet

high to the hemispherical top. Another tower, also, is to be erected, for

. . 1864.
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gn*r.

.'
ow

' ao KtuuR-a at f.iian-en and VV iirtzburg, and afterwards at Paris;
in 1833 he became Professor of Zoology at Erlangen. and in 1840 of
Comparative Anatomy at Gottingen. In 1834 he

. .-.:
i

"
' "" ^

! J the results of

'"1845, 1846, and of other researches. He also contributed to the
Handworterbuch der Physiologie, of which he was editor, and to various

Journals.
Evan Pugh, Ph.D., President of the Agricultural College of Penn-

9th, 1864. [An obituary notice will appear in our
next number.—Eds.]

VI. MISCELLANEOUS BIBLIOGRAPHY.
1. Metallurgy : The art of extracting metal* from their ores, and

adapting them to various - ,• by John Pfhcv
>., Lecturer on Metallurgy at the Royal School of Mines!

Port II: Iron and Steel. 8vo, pp. 934. M irrav. "London. 1864.—This
volume forms the second division of Dr. Percy's great work on Metal-

. bii.-rU notic d in a former number of this Journal. 1

Al-
- -

: a from the press has been deferred for more than a year
am '

r r "as promised, this delay has been greatly to the advantage of

and Steel. It,, , Iriraott-i ;,,d b\ the - m^ th< >o >„_ ,.i,- -, L iih- and
;

I w, to seal . It alfi targe nam-
. u i n mp >tant bearing on many of

-
•

sol the work. The author has had
stion of some of the leading Io-mmi-:. r- and M. \m\\\w^-'^ in

in many matters regarding special

irnaces. Prof. J. P. Le> \ has funded information and
v. and ire are glad to notice two

:' the Thomas Anthracite Iron Furnaces at

lade under the direction of Samuel

-

°[ ^e work. 1 .. fi , t IM i^v, :„ . ted to the physical and
'

'-

;

.

,- .. - - - - ,-, ::.- .;<.. ,f
"'

. an I .Mauau .



Miscellaneous Bibliography.

m the ore, we

furnace; the character and composition of the pig-iron
\

>ro.h.i , etc.,

and hearths, and the puda

I of Regents of the

ngtoti, 1863.—Fort

' Light, pp. 107-2 ,n, of Toronto, on

hysical Ethnology, pp. 240-302. And in addition there are the follow-

g foreign and Am< '<•; n - !< -! ni.-inoirs, : A. Moklot's introductory

eanne Switzeii-Iand." Xov. 2!(, 1 •ic.i-

;

i in.-iiio ir by .1. Lt j{bock, Esq., on

North An, ri. FloI <: i-:ns'sH -

fimy of SciencWfl M-.noi, s of von Bucl

QuATREFAG-E. m.drof [.' Hilaire: a translation of a

.. Phi orce, or Stud

: views b
|P J. i

'.' Lesl ey on the (classification of

L.g.ie of I',izoQn - Societies. The

at of a

["< /V : 7%i>fl ,;, I'lhhl nrisnl

i„>.),ort.n,( >»*. JTifA 238 iWua trations. Phil-

adelphia: IM; mehaid & Lea, ISO t. pp. 8c sent edition of
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tell what to omit than to find new matter of interest. So far as

a new edition of an already popular work, which admirably nii

and valuable illustrations have been introduced in this edition, a

publishers' part has been well executed.

4. Verhandelingen der Koninklijke Akademie van Wetcnsc.

Amsterdam. Vierde deel, 4to, pp. xxxiii, and 572, Tables d'lm
iJ'Pi'Ws.

p
.u 1 1. 15i..uu- <!- liu'.u: and A.htstedtel, pp. xii, an

/'
,
,;•.., . < Fnrwlo dt Traiisfor

et des Methodes d>Evaluation des IuU„:>> s !> ft,.;,*, l.v the s

These two volumes a. h. . pi u it.., . r. a'tlmui: Me'ii-th,

; .-

was to be expected lethode, and an ex-

tension of many of them should follow. ihe evaluation of over two

thousand new integrals is but one of the results in this second volume.

Report, Historical and Statistical, on the collection in Geology, Zoology and

ktaoy, in th* MlM to the Board of Re-

Soutbera Labrador, in July and
rith 2 plates.—From the Cana-

s-1 rt of th!
tory, for the year

on the Elements of Compn:
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Histoire Naturelle des A ra . mow. 450 pp. 8vo. Paris, 1864.

La Kabylie et Jes Kabyles, Esquisse geologique et geographiques ; and Le Sahara,

Annals or.THK Lyceum' of Nat. Hisi :"f] ' Sob. 13-16,

Dec. 1861—Feb. 1862.— p. :

>

On the occurr., mdka; P. 9,

—

p. 234, On Solar .Np..f»: ». tUirkenbach.—-p. 271, On
Philadelph.a, Vol. IX, No. 1

at. Sci. of Philadelphia, No. 2, Marc

ferent colors at diffen

Trochocopu* Gthr. ;
7'. 6W.-p. 59. Noi

ly Eciien

A new Labroid genus i

Notes on the Birds of J;

view of the family Pn>ceLl :1 ri.l;e: Part ! „.
; ,., or Stormy

';•".-

'"
-

1. Lea.—p. 113, Five new species of Lvn -a—Two new

species of TJnionidse from South Africa; /. Lea—p. 114, Twenty-four new species

:

Proceharidae, Part II, embracing the Puffinea; ; E. Cones.

.

- '

ineral at Nahant; G. H. Emerson.—p. 7, Notes on the family Zyg*"

niflic ; .4. >. Packard.

-•

and special department of study o
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Abt. XII.— Barometric Indications of a Resisting Aether; 1 by
Pliny Earle Chase, M.A., S.P.A.S.

e American Philosophical
,tions in the hourly baro-

metric means, of disturbances which may, perhaps, be owing to
a resisting medium. As the proper interpretation of those dis-
turbances seems, in my opinion, to involve a consideration of
the principal laws that govern molecular force, I desire to pre-
sent some of the evidences on which my statement was based,
and to invite an investigation of the subject by mathematicians
and physicists.

Ihe contrast between the light, volatile atmosphere, and the
sluggish, ponderous mercurv, is so great, that few persons would
expect any slight variations of one to be accurately recorded
oj the other. But that such is the case, has been shown by my
barometric investigations; and so minute is the apparent corres-
pondence between the two fluids, that it does not seem unrea-
sonable to look even for traces of ethereal disturbance in the
Mercurial column.

I believe no attempt was ever made to represent the daily
ssrobaric tides by general algebraic expression, prior to the one

which I was led by an a priori consideration of the effects of
rotation.' The remarkable correspondence bcfween the theo-
retical formula and the results of observation, being, as it is, far

* *W An:. ,: for May. 1864, p. 410.
**• Joca. sCI._Second Sebies, Vol. XXXVIII, Nu. IIS.—Sept., 1S&L
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ion of the

j which has led to the prevalent belief that all the in-

fluence of rotation must be constantly uniform, and therefore

incapable of producing any tidal action.

Perhaps the error of that reasoning, as applied to the earth,

has arisen from considering the joint action of rotation and or-

bital revolution, and making undue allowance for the mutual

compensation of their mutual disturbances. That such compen-
sation must be effected at every instant, I have no reason to

doubt, but how is it modified by the stress of gravity and the

stretch of molecular elasticity? That stress, at the surface of

the earth, is nearly three hundred times as great as would be

necessary to retain the particles in orbits at the same mean dis-

tance from the earth's centre ; and since it probably follows a

different law from the countervai - ems to me
that each of the forces must be constantly accomplishing work.

The value of this work must form an important element in all

•flfl of the effects of the earth's rotation, and, if it were

properly ascertained, I have little doubt that it might be repre-

sented by a formula analogous to the one which I have deduced

from the relative motions of the air and the earth's centre.'

I am inclined to believe, as I have intimated elsewhere, that

a due consideration of these relative motions may help to ex-

plain other compensations, such as the variations in temperature

and the deposition of dew during the night, the fluctuations of

magnetic force, &c. I content myself, for the present, with a

rement of the belief, because its confirmation or refu-

1 depend principally upon the results of the investiga-

tion that I am now inviting.

The following table is constructed from data furnished by

Gen. Sabine's summary of three years' hourly observations at

St. Helena,—a work of great value, on account of the number

averages of the observed heights of the barometer
and 3° from each high and low serobaric tide; the fifth column,

(C), is the theoretical height, computed by the formula,

the other column
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ABLE OF r THEEMO METRIC *ND BAROl ETRIC MEANS.

1

11 ill Si
111

.
Ja V1 3 < 2

-

I ':,;!.

;

'"S -Sum
:
::>i-i' •0009

2r,355 -00145 -

-0001

I

•20 42

:"
h',:;

•267125 2672 -

-- :S
-0058

"•.';

it . 2777
•296125

•Si :';;;.;::
:'

-•0044
-000875

2072 -

•2.V12

•252:; •0027

•2..1I - -. Oi 39

19 M868
•2737 2672

•00835 :0077

2? •: •!:i'S •3077

25
•;1'i Ss6

75

222J
22

23 63-578 •3117 •3077 :,.<:•.< •004 •0038 1 -0002

The greatest theoretical error, (A-C,) is only 0084 in. at 21*,
or "000297 of the entire height, and -127 of the daily n
least error is at 5* and 15h

,
-000004 of the height, or -00151 of

the range; and the average error 0042 in., which is -000147 of
the height, or -063 of the range.
The greatest difference between the observed height and the

observed average (A i< is
'131 of tne daily

range; the leatt' difference is -0068 of the range, at 1"; the

average difference, -0639 of the range.
The greatest difference between the observed averages and

toe theoretical height, (B-C,) is at low tide, or at 4h and 16*,

*hen the difference is less than -02 (say -0169) of the daily range;
the least difference is at 2* from low tide, or at 2*, 6h ,

H* and

\8
h
, when it is but little more than -001 (-00113) of the range;

the average difference is only "00926 of the range.

Both A-B and A-C show that some cause is operating from

I
or 2* to 15*> inclusive, (say 2 p. m. to 3 a. m.,) to reduce the

barometric pressure, while for the rest of the day the normal
Pressure is increased. That this cause is not to be found in dif-

ferences of temperature, I think is evident, because the observa-
tions are already corrected for known effects of temperature, and
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because the average height of the thermometer from 2h to 15h

(61°'7) corresponds very closely with the average from 16h to

l* (61°-66).
•

The greatest unexplained reduction of barometric pressure is

at 9h
; the greatest increase, at 20h or 21 h

. All these facts ap-

pear to me to admit of a ready explanation, on the hypothesis

that the disturbances are caused by the resistance of an sether,

which is condensed, as Fresnel supposes, bv
and I can imagine no other hypothesis by which they could be

ily accounted for.*

Mr. Colb'urn's inquiry into the nature of heat suggests some
<ns concerning other effects of rotation than

those that can be measured by the barometer. Eecognizing the

lity that the sun should warm the whole solar system,

as a simple incandescent body,—the improbability that its heat

should result from continuous combustion, and the probable ap-

proximate uniformity of temperature in the upper regions of

summer and in winter, by day and by night

—Mr. Colburn looks for the principal sources of heat in the

earth itself. He supposes, 1, that the solar attraction tends to

draw into closer proximity the particles of air on the heated

side, and to separate them on the night side of the earth, thus

producing heat of compression, and cold of expansion: 2, that

ge of eastward velocity from 69,000 miles per hour at

midnight, to 67,000 miles at noon, (sic) necessarily produces a

conversion of motion into heat, and of heat into motion : and 3,

that if the earth is moving in a resisting medium, by which it is

so retarded that it approaches the sun at the rate of 1,000,000

miles in 3,000,000 years, its "lift" involves the annual abstrac-

tion of a heat-force equivalent to 752,665,108,390,000 horse-

power 1

The third hypothesis has been often broached ; the indications

of a resisting ether, which, as we have seen, are furnished by

the hourly barometric means, may, perhaps, yield the data for

its final verification or rejection. The supposed separating effect

of the sun's action in the most remote portions of the atmosphere,

is so problematical that it seems hardly deserving of any con-

sideration, and even if it existed, it is difficult to understand

how it could produce a difference of more than a fraction of a

degree in the range of the thermometer. The alternate accele-

ration and retardation of orbital velocity can produce no accu-

mulation of heat to supply any loss that may arise from radiation

into space, but it must modify the distribution of heat throughout

the day in a manner that may be readily calculated. The avail-

able data are not sufficient to" furnish us with complete results,

* The remainder of this article is taken froE
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but they give curious approximations that seem to open a wide
field for profitable investigation.

"Sir John Herschel finds the direct heating effect of a verti-

cal sun at the sea level to be competent to melt -00754 of an inch
of ice per minute, while according to M. Pouillet, the quantity
is -00703 of an inch."

6 Taking the mean of these two esti-

mates (1)072$ in ), multiplying by the Intent heat of water
(1426° F.), and dividing by the number of cubic inches in 1 lb.

of water (28), we obtain
*°°728 * 142 'g = '037076 units of heat

received per minute on each square inch of the earth's surface
that is exposed to a vertical sun. The weight of the aerial col-

umn being 15 lb., and its ratio of specific heat 25, the maximum
effect of the direct solar rays is sufficient to heat the whole at-

mosphere y?
37 *

per minute, or 7\L2° F. in 12 hours.

Now, in consequence of the earth's rotation, the difference of

atmospheric "lift" between noon and midnight, is 182,336 ft.

per minute. The average difference for the twelve hours is one-
half as gre i, without friction or resistance,

ratio of the half-daily velocity of rotation to that which would
be conferred by twelve hours' action of terrestrial gravity, is

'00109, which may be regarded as the modulus of heat-j

resistance. If we multiply the average difference of lift by the

height of the atmosphere "and by the effective resistance, divi-

ding the product by the ratio of specific atmosj aerie heat, and
the number of foot-pounds raised by a unit of heat, we obtain

jll^'00109 — 7.74 p. as the amount of heat c

cated to the air by rotation between midnight and noon, and ab-

stracted between noon and midnight.
The theoretical barometric lift is, as we have seen, -00219 of

{be entire weight of the atmosphere. Estimating the height of
tiie aerial column when reduced to uniform surface density, at

24,000 feet, the heat-producing disturbance that is indicated by
tiie barometer is represented by a lift of 15 lb. on eac

"ich to a height of -00219 X 24000 feet. The quarter-daily dis-

,
„ 24000 X 15 X -00219

turbance from this cause is, therefore, m x .26
—

4-1° F.

Dr. J. R
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conditions of the problem is better understood. I have thought
it proper to present them in their present crudity, in order to

show the true points of departure, and to prepare the way for

some further considerations.

Whatever other heat-disturbing causes there may be, there

can be little doubt that the three we have just been considering

are the most important. Dividing the astronomical day into

four quadrants, and r . r effect by S., rotation

by R, and barometric by B., it will be readily seen that the

several positive and negative influences must be distributed as

follows

:

From 0^ to 6h
,

4- — —

The tables of average temperature at any given place would
therefore furnish us with four equations for determining the

value of each of the disturbing elements, providing those that

are unknown were so insignificant as to be safely neglected.

The effects of these unknown disturbances are confined within

certain limits that can be pretty satisfactorily determined.
Our discussion of the barometric fluctuations demonstrated a

tendency of inertia to retard the effects of rotation, so that the

mean daily altitudes are found nearer to 1>\ 7\ V6 h
, and 19h

,

than to h
, 6h

, 12 h
, and 18 h

. A like tendency is discernible in

the thermometer.
There are three, and only three, quadrantal divisions of the

day, commencing respectively at h
, at l 1

', and at 2h , for which

we could obtain appn , ;dnes of S., R., and B.

The maximum solar effect is deduced from the first, and the

minimum from the third of these divisions; while the maximum
rotative and barometric effects are exhibited in the third, and

the minimum in the first division.

The nearest average temperatures are found in the third divi-

sion, as is shown below.

Average of temperature at 2h
, 8h

, 14h
, and 20h

, and of the en-

tire day.

i Tl
61-65 61-69

The following table presents all the coordinate positive values

of S., R., and B., that can be obtained from the Girard College

and St. Helena means.
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Dividing at

Station. 0, «, 12, I8k l, 7, 13, I9h. i 2, S, 14, 20h.

The percentages of the calculated values correspond very
nearly with the means of the earliest Girard College and St.

Helena values.

1

—

°t^d Percent^. Percentage. WU

It:-; 1°-74
376

42-H 40-S 63-2

It may be inferred from this comparison that the rotation ele-

ment of daily heat is least affected, and the solar element most
affected, by extraneous causes (of which moisture is probably

jion gives the best, and the third

rmometric
variation wh ifl between 4 and -5 of
the average total daily variation, and that the most difficult ele-

ment to determine satis "> is modified by many
local disturbing influences, such as the nature of the soil, amount
of vapor, clouds, altitude of the sun, &c.

Philadelphia, May, 1864.

Art. XIIT.~ On the Action of Oil- Wells ; by Prof. E. W. Evans,

Marietta College.

The phenomena exhibited by oil-wells suggest various prob-

lems, the discussion of which "may be of scientific as well as

interest The facts on which the following remarks
are based have been collected chiefly from the history of differ-

ent wells in the coal regions of Southern Ohio and West Virginia.

It seems certain that the principal supplies of petroleum are

not diffused between the planes of stratification, but are col-

lected in cavities more or less sunken in the strata, whence it is

less liable to be carried away by running water. Prof. E. B.

Andrews has shown, in an article published in this Journal,
J<%, 1861, that it is common to find large quantities in places

woere there are marks of distort «**»* of tne

rocks. The cavities have probably been caused sometimes by
uP'ifts and sometimes bv erosion and the dissolving action of
wjiter; but whatever may be their origin, they are not usually
of great horizontal extent. It is seldom that two neighboring
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wells strike oil at the same depth, whether the strata be hori-

zontal or dipping. It is one chance out of many to strike oil at

all, even in neighborhoods where it exists in abundance. The
drill, as it enters the cavity, sinks variously from four or five

inches to as many feet, sometimes sticking fast, as if between
the oblique sides of a narrow fissure. But there are facts con-

nected with the history of oil-wells, particularly their intermit-

tent action and their interference with one another, which serve

to show the existence, in many cases, of systems of these cavi-

ties connected together by channels of communication more or

less free, running sometimes along the strata and sometimes
across them. The productiveness of a well depends on its en-

tering either one of the main reservoirs or some of its important

connections.

Let us begin with the most simple case, that of a single or iso-

lated oil-cavity ; of which a cross section is represented by gw,

fig. 1. Every collection of oil is accompanied with varying

q uantities of gas and water, the gas occupying ofcourse the top of

the cavity and the water the bottom, according to the order of

their specific gravities. First suppose that a well is bored at A,

so as to enter the gas. Being in a high state of tension the gas

escapes, sometimes with explosive violence, carrying out with it

whatever water there may be collected in the boring. If water
enters the cavity freely, as is usually the case, the oil, floating on
its surface, is soon driven upward to the mouth (i. e., lower end)

of the tube; it may then be pumped out till the line of division

between it and the water rises to the mouth of the tube; after

which, mixed oil and water will be drawn. But it often hap-

pens that the water rises faster than it can be thus exhausted,

and the oil. driven into the top of the cavity, is lost, until the

chinery of greater work-
ing power. But as it can-

not be reduced below the

mouth, of the tube, un-

mixed oil cannot again
be obtained from the well.

In all wells from which
the gas has escaped, there

is ultimately a

work if the oil

t as rapidly as possible

r;ir of

before the

An-
of

, suppose
is at B

il. In this case, the oil rises in the tube to a

r on the tension of the gas above it ; a mode of

illustrated by the familiar apparatus called
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the fountain with condensed air. Sometimes it is thrown into
the air a distance of 30 or 40 feet, and large quantities wasted.
If the oil continues to be ejected till its surface in the cav-
ity descends to the mouth of the tube, the fact first becomes
known by a gurgling and spurting action, and the gas, or the
greater portion of it, escapes, after which the pump becomes ne-
cessary, and the same series of actions take place as in the first

case. But if the gas reaches its equilibrium with the hydrostatic
pressure before the oil is reduced so low, we may then pump
out the oil till the water rises to the mouth of the tube, after

which we shall obtain mixed oil and water as before, till the
whole supply of oil is exhausted, provided the pump is of suffi-

cient working power to prevent interruptions by the too rapid
rise of the water.

Next suppose that the boring is at C and enters the water.
If the gas has sufficient tension, water is raised until its surface

in the cavity descends to the mouth of the tube, then mixed oil

and water is obtained, then pure oil, after which the same cir-

cumstances exist as in the second case. It must not be inferred,

however, that when the water is not thrown to the surface there
is no oil. It may happen that the pressure of the gas will raise

a column of water only part of the way up the boring, and yet
the well be found productive. Hence no considerable quantity
of water should be passed without ascertaining by reducing it

"With the pump whether there is oil confined above it in some
side chamber. The Shattuck well on the Little Kanawha had
to be drained of water with a steam pump for two weeks before
oil was obtained ; but after that it yielded abundantly.

Some varieties of action are to be accounted for on the suppo-
sition that there are, in the same cavity, different collections of
gas separated by a partition descending from the top. Such i

cavity is represented by MN, *~

chamber M. The gas escapes ^

Mediately begins to flow in a conuuuuuo suc<»u «,*« ««, ~,¥ v»*

Ae boring, and is perhaps projected in the form of a jet to a

great height, by the pressure of the gas in another chamber N,
of the same cavity.

It is evident that if a second well be sunk so as to enter the

gas in the chamber N, the oil in M will immediately sink to the

fevel of that in N, and be lost to the first well; a mode of inter-

ference which sometimes occurs, when two wells are quite near

together.

Thus far I have considered only isolated oil-cavities, or those

which, when exhausted, are not replenished to any considerable

extent from other sources. In general these run their course in

a short time, and yet they sometimes yield very large quantities

Am. Jour. Sci.-Secosb Series, Vol. XXXVIII, No. 113.-Sept., 1864.
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There is a second class of wells, in general more productive,

which exhibit the same phenomena at first, but as often as they

are exhausted are replenished again, and repeat a certain series

of actions indefinitely, and with remarkable regularity of time.

This is to be explained by supposing that they are connected

with other reservoirs by slight channels of communication,
whose capacity for replenishing is less than that of the tube for

exhausting. Let C, fig. 2, be an oil cavity having connections

with two other cavities, B and D. Suppose that a well A enters

the oil in C. After this well has thrown out oil, and perhaps

afterward water, by force of the condensed gas, it comes to a

stop. Then owing to the diminished tension of the gas in the

enlarged space in C, the gas and oil in B and D force slight

passages, represented by the dotted lines, into C, until the gas in

this cavity again becomes sufficiently compressed to raise oil and

water successively ; after which the well comes to another stop

until it is replenished with oil and gas as before ; and the same

process is repeated an indefinite number of times. The Newton
well, on a branch of the Little Muskingum, a few miles from

Marietta, repeats this process (with some escape of gas) at regular

intervals of about half an hour, expelling about a barrel of oil

each. time. A note-worthy fact connected with this well is that

when it stops it is necessary to pump out a little water in order

to start it again; then the oil issues spontaneously. This is to

be explained as follows. The pressure of the gas is not quite

sufficient to raise the water to the surface ; but the position of

the mouth of the tube is such that a few strokes of the pump
suffice to reduce the surface of the water in the cavity below that

point. Now a column of oil will be raised by a given pressure

so much higher than a column of water as its specific gravity

is less. In this case it is raised not far from a fourth higher (the

specific gravity of the oil being -816) ; and the difference is suffi-

cient to make it flow over the top of the tube. Examples of

this kind are common.
The well in the figure is

represented as having but a
few connections, sufficient

perhaps for the purpose of
illustration ; but it is proba-
ble that these lines of slow
communication are usually
numerous : the gas and oil,

like the water, forcing tneir

way in through a multitude
of pores and slight crovice.s,

until a state of equilibrium
is gradually reached or ap-
proximated to, as mercury forces its way in through the pores

^



of wood into the exhausted receiver of an air-pump. Sometimes
it happens that the cavity is filled with sediment of clay and
sand by these little streams, and the well becomes inactive

others

3

iH£! ™tl
h

I

1

!!
6
!?

6*1^ : ished from
s wells. The finding of one of these may

be regarded as a certain sign that there are numbers of oil cavi-
ties near together in the same locality. Especially if it yields
copiously for months in succession, as often happens, without
any material diminution in quantity, or increase of the intervals
Between the successive yields, the rocks in its neighborhood may

ê

e

a
P£esumed to contain rich supplies of oil that may be directly

On Oil Creek in Pennsylvania the greatest quantities of oil
are found in the same horizontal stratum of sandstone. It would
seern that this rock is very porous, and perforated like a honev-
comb with numerous ceils and fissures containing petroleum,
-l he history of many of the wells is as follows. When oil is
entered, the gas begins to raise it up over the top of the boring,

I gradually in force until the air, often
to a height of 40 or 50 feet, then ishing and
increasing in force at regular intervals, but without any cessationm the flow for a long time. These variations in the force of the
gas (the "breathings of the earth," as they are called,) are to be
explained on the same principle as before, bv .supposing that as
the tension of the gas is relaxed by the removal of oil, the gas
and oil from other cavities around rush in through the pores
and slight fissures till a certain maximum tension is reached,
and the influx ceases; then by the expansion of the gas already
in the chamber the oil continues to come up, but with a dimin-
ishing flow, until a relative vacuum is again created : after which
the influx is renewed and gradually increases as at the begin-
mn

g. These regular alternations vary in different wells from
wo or three times a day to as many times an hour; the inter-
vals, however, gradually increasing in length as the supply of

cations are forced, and the well, deriving new supplies, starts off
again with a new period. It often happens that the same well
nas tvyo periods ;—one of variation in the flow, and another of
cessation, consequent on the escape of gas.
A more uniform flow may be secured by making the orifice

at the mouth of the tube smaller. This is often desirable in order

•he exhaustion of the oil in the

n to the bottom of the borinar. Sometimes such a

ill thus rush out, before the oil raised up by the water,

?
arJ after that to raise -'i ml t- rAdly the
mnux of oil from other cavities by reducing the pressure of the
gas m them. Another expedient sometimes resorted to, when



164 E. W. Evans on the Action of Oil- Wells.

the spontaneous flow of oil becomes slight, is to stop up the

boring till another " head of gas," as it is called, accumulates.

But the stoppage should not be continued long ; for instances are

known where the gas has in consequence forced a way from its

new channels in other directions, and found vent in other wells.

It is not an uncommon thing for intermittent wells to throw

out at first 300 or 400 barrels a day, or to yield in all as much

as 20,000 barrels. They sometimes run two or three years before

exhaustion. The productiveness of the Lewellyn well on the

Little Kanawha greatly exceeded these figures.

It is evident that if a second well were sunk so as to enter the

cavity B or D, fig. 2, the well C would lose one portion of its

supply of gas and oil, and be to this extent interfered with.

Sometimes a very productive well thus cuts off the main supplies

of a number of less considerable ones in its neighborhood, or,

if the first sunk, it is itself tapped by them.

But some of the most marked cases of interference that are

known, show the existence of a third class of oil cavities, con-

nected with one another by perfectly free channels of communi-

cation, so that when the equilibrium between them is disturbed,

it is immediately restored. Fig. 3 will serve to illustrate. A
well A enters the cavity D finding oil. Another well B is bored

so as to enter an open channel g between the two cavities D
and E. This will dram oil from A ; but if, as in the figure, its

mouth is lower than that of A, it can be made a valuable

auxiliary to it when the rising water drives the oil into the

upper part of the cavity ; for

and thus to keep the oil with

Again, a third well C is

bored, and passes through a

strong current of water, a

presented by F. It finally

descends to a fissure H,
which communicates freely

with E and consequently

also with D, and interferes

with both the other wells by
letting in such a head of

water as to drive the oil in

both cavities above the

mouths of the tubes. Pump-
ing the water out of all these simultaneously might bring the

oil down again within reach of that tube at least which enters at

the highest point. A better expedient is to stop up tightly the

space ^on the outside of the tube in the well C, just below the

stream : vatt-r I CLii is • t'ten etfected by lowering a leather
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bag filled with dry seeds to the required depth. As water pene-
trates it, the seeds swell and close the passage.
On the Little Muskingum there are four or five wells (from

100 to 200 feet apart), so connected together as to illustrate both
modes of interference shown by fig. 3. Had the well B entered
the gas in E, it would have interfered with A bv causing the
escape of this gas; a case analogous to that mentioned before,
where there were supposed to be two gas chambers in the top of
the same cavity. After this the irruption of the water from C
would have temporarily assisted B by raising the oil in E to the
mouth of the tube.

Examples differing in details might be multiplied indefinitely.
1 have aimed only to point out in a general manner the different
modes of action, and the hypotheses on which they are to be
explained.

In the foregoing illustrations the quantity of gas has been sup-
posed considerable. In many cases however it is so slight
that the pump has to be used throughout. Yet wells of this
kind often partake of the intermittent character to some extent.
As it is not usual to work them at night, they begin each day
with a new accumulation, which gives them a certain regularity
of daily action often considered mysterious. There is a well a
lew miles from Marietta which yields oil only for a short time in
the morning

; when neglected till that time is passed, it is unpro-
ductive for the day. This is owing to the proximity of another
well, which

(
d rains it of its water in the daytime, but by resting

a* night allows it to be replenished. Wells of small supply
often require a certain interval of rest to be replenished, but
never exceed a certain amount, however that interval may be
extended—the column of oil having reached its maximum height
bJ pneumatic or hydrostatic pressure.

Oil-wells commonly vary in depth fr

deepest are as apt to raise oil to the ««*««, « w, «**»,„«»»
jnis indicates a greater compression of the gas at the greater
depth, owing doubtless to its connection with higher columns of
water. The activity of some wells is increased by rains ; others,

with less gas, are rendered unproductive till the water can be
reduced, "it must not be assumed however that their connection
with subterranean currents is immediate and unobstructed. I
know of no instance where there is reason to suppose that the
°" is raised to the surface by the direct pressure of a stream of
water whose head is higher than the issue, as the jets of Artesian
wells are said to be produced. In spouting wells, the presence
°* gas as the immediate agent becomes known, not only from
their variable action, but also from the actual escape of gas, and
consequent cessation of flow whenever the oil is reduced to a
certain level. If collections of oil had direct and free c
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with strong currents of water, the mechanical agency of these

currents would bear them rapidly away.

As it is, minute quantities come to the surface with the springs,

showing a very slow process of drainage. As an index of the

location of oil-cavities this sign is not reliable ; for that which

issues may have been carried by the streamlets many miles

from its source. Gas springs are less deceptive signs; for the

gas, being more buoyant than the oil and not liable to be carried

along by descending currents, is not likely to wander so far

before it issues. But the "show of oil" increases in value as a

sign with the depth at which it is found. Especially is the find-

ing of large quantities of imprisoned gas, though no oil may be

present, regarded as a good indication that there is oil near.

Marietta, May 4th, 1864.

Art. XIV.

—

Description of a new Machine for Cataloguing and

Charting Stars; by G. "W. Hough, A.M.

The progress of instrumental astronomy has been so rapid

during the last half century, not only in the perfecting of the

older instruments, but also in the invention of new methods of

observation, that at the present time, in certain kinds of work,

more observations can be made in one year than could formerly

have been done in five.

In the year 1848, the application of electricity to the record-

ing of Astronomical Observations was first suggested. This

happily conceived idea soon resulted in the construction of Chro-

nographs by various persons, by whicli tin inst; nt of transit of

a star was accurately recorded in a legible and permanent man-

Success in the recording of one ordinate of a star's position

made by the late Prof. O. M. Mitchel for the recording of decli-

nations by electricity, this subject, so far as I know, has not been

undertaken by any other astronomer.

In the formation of catalogues of zone stars, astronomers have

almost invariably used the Telescope in a fixed position, and,

by means of a diaphragm or scale placed in the focus, deter-

mined the time of transit and difference of declination. In our

method, the Telescope is moved in zenith distance, the amount

of motion giving us the difference of declination.

This method of observing the difference of declination between

two objects, bv magnifying by mechanical means the angular

motion of the Telescope, is due to the late Prof. 0. M.
who first put it in practical operation in the year 1849 ; the ap-

paratus used for this purpose being called the " Declinometer,

an account of which will be found elsewhere.
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Perhaps nothing is more desirable at the present time than^curate Ecliptic Charts of all stars down to A? 14th magnitudeWe already have the Charts of Chacornac, Argelander and others,'which are of great value m the
; a

. but wer^these charts filled out, as it were, with stars of a higher orde7ofmagnitude it would greatly enhance their value for this purposeAll standard charts, that have heretofore been constructedWe been made by laying down the positions of the stars, asgiven by a catalogue previously formed. This, of course u an
extremely difficult and tedious task. It seemed to me that'muchnme and labor might be saved, provided we could make an ac-

tTonf %?"
at th

f
san

?
etime tha* we °bserved for e*act P^-wons. I his result we have succeeded in accomplishing by means

oi easy and simple mechanism, a description of which will be

In the cataloguing of zone stars with the Oloott Meridian
Circle, during the year 1862. I found it desirable to have some
contrivance by which we could observe the same zone, star for
star on a subsequent night. In order that we may be under-
stood, we add that the clamp arm for giving slow motion to the
telescope in zenith distance, is moved by a screw pressing
agamst its lovver end , one revolution of the screw being about 6!

mZlT

?

]ght get ?0re raPid motion
'

an extra C°S wheel wa«maae to drive one fastened to the screw. To the axis of thisew wheel was attached two cylindrical pulleys, each carrying
a small weight suspended by a cord wound on the surface of the

of the' d
WidtH °f th6 Z°ne WaS theQ regulated b^ the lenSth

It was found that with this contrivance (although we had theW between the two cog wheels), we could follow the same
zone with a deviation of less than 5". Were the pulleys at-
tached directly to the screw, we know the error would be still
ess From thia fact

. we were led tQ surmise) that difference of
cimation could easily be read to the tenth of a minute, from
screw head used for giving slow motion to the Telescope, in

•nee.
In thinking on this subject. I conjectured that if a cylinder

Vf'th
attac^ e<I to this screw, and a pen be made to move over it

«n a uniform velocity in the direction of its length, we could
reaaiJj record both Eight Ascension and Declination, or, in other

ven
make a map of the stars observed. Owing to incon-

nlflr!

6^6 in attaching such an apparatus to our instrument, the

TJ-u
uoz P ut l

cj^.
W111 now proceed to give a description of the Charting ma-

sooth'
Fig' 1 is a PersPective of the machine, as seen from the

wieast. This apparatus is firmly fastened to the south side of
«e west pier. It is connected with the clamp arm of the Tel-
scope by means of the horizontal rod (/), 40 in. in length.



168 G. W. Hough on Cataloguing and Charting Stars.

A clock work mechanism, having a half second's pendu

(p), carries the cylinder (a), 6 in. in length and 10 in. '

n

eter ; which revolves from ^

revolution every hour.

Directly over the cylinder is mounted, on a horizontal axis,

the compound lever (bl); to the lower end of which, by means

of a short horizontal arm and joint, a hollow cylindrical steel

pen is held in a vertical position over the axis. The lower part

of this lever (6) is 18 in. long; the upper part (I) is 6 in. long-

In order to magnify as much as possible the angnlar motion ot

the clamp arm, we attach to it a strong iron bar, 25 in. in length.

At the lower end of this bar is a cross piece, fig. 2, 6 in. long,

holding a number of cylindrical pins (p).
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wlS?
h
°f w

686 P
!

nS
,
haS a notch cut in the middIe

.
of the form

St'fr 1
'

fr°m Placin^ the vertices of two cones to-getber. By^this arrangement, there can be no loss of motion

to anoth^
^^ faCiHty in chanSinS &e rod from one pin

The rod (/) is connected with the clamp arm by dropping t
notch

(*), fig. 2
, on one of the pins.

™ °
Ihe other end of the rod is attached to the lever (/), fig. 1.

sectional view of the mechanism for this purpose is seen i

{*, being two screws having con-
Kal points,

(
S) a set screw for

damping to (I).

J- be arm carrying the steel pen,
shown at (c), fig. 1, is attached to
We lever (b), by an arrangement
s^ilar to that seen in fig. 3, with
We exception that there is no joint
0r axis, the steel pen being held

V? Position by a flat spring attached
Meetly to the lever<6).

\he lever (4) is supported on theWiZontalpost(e)/4.1; g is a
.

s

^
rew tor clamping to any part of the post («); h and i are

weights for counterpoising the lever in any position,
-tne supporting axis of b is seen in fig. 4, where m m are two
revvs having conical points. By this arrangement, we avoid

411 l<*s of motion, and have but very little friction.

*ni
Q 6

,
g- *' k is an electro-magnet operating the arm (d), at the

end of which, and parallel

*§* the cross pieced
a he dials seen

1

the cylinder, is at-
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Now, when the telescope is moved in zenith distance, motion
is given to the steel pen so that it moves over the cylinder in the

direction of its axis. Whenever we wish to make a record, a

key is pressed which closes the circuit through the electro-mag-

net, and a blow is struck on the arm carrying the steel pen ; so

that a small dot is made on the sheet of paper covering the

cylinder.

It remains now to show how the magnitudes of the stars are

recorded on the Chart. Various plans were suggested, and I

finally decided to represent the magnitudes by different colors.

For this purpose we use prepared paper, known as duplicating

impression papei

If a strip of tnis pape
ting paper, and a pen be drawn over it, a colored

of ordinary 1

In the same manner, if a blow be struck

with a blunt point, a colored dot will be the result. Now, if at

the time of observation an assistant should introduce a strip of

this paper under the steel pen, when the record was made, we

would have a colored impression denoting the magnitude. So,

it is readily seen, should an assistant introduce these strips of

paper as required, we should produce our chart with the mag-

I recorded. But obviously this method would require

an extra- assistant, and consequently be an unnecessary waste

of time. It is then very desirable that the introduction of

these strips of paper should be in the power of the observer

himself.

Various kinds of apparatus might be employed to take the

place of the assistant; but what we need is simplicity and cer-

tainty. We at first placed our strips on a belt running over two

rollers, so that, by giving motion to these rollers, any strip ot
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colored paper could be brought under the recording pen. This
plan answered the purpose, but made it somewhat inconvenient
to put our sheets on the cylinder. We therefore removed it and
placed the strips of paper on an arm moving about a vertical
axis; and by means of a cord attached to a lever connected
with the rod used for giving motion to the telescope in zenith
distance the observer was enabled to bring anv color under the
pen he desired, and this too without removing his eye from the

This part of the apparatus is not shown in the drawings, but
being so simple the reader will not fail to understand it. So far
we have used only five different colors, but the number can be
increased to any extent. These colors indicate 9, 10, 11, 12 and
itftn magnitudes. When stars of the 14th magnitude are ob-
served, no color is introduced, and we have for our record merely
a puncture on our zone sheet. When stars below the 9th mag-
nitude are observed, (and there are but few, generally three or
lour in a night,) a note is made by the assistant, and they are
recorded on the working chronograph by striking a certain
number of dots to indicate the magnitude.
As fast as the stars enter the field of the telescope, they are

brought to the intersection of a horizontal and vertical wire,
when, the circuit being closed, the record is made. In this way,
*ne position of the stars in the heavens are transferred to the
?
lj™jCe of the cylinder, so that when our observations are fin-

ked, we have a perfect "fac simile " copy of the zone of stars

J- his apparatus we believe is the first which has been con-
structed to record accurately, by mechanical means, the Eight
Ascension and Declination at the same instant, or in other words,
make a chart of the stars observed. When the dot is made

°n the cylinder, a record is also made on the working chrono-
graph, which gives us the time to the hundredth part of a second.
* or the exact declination, an assistant reads the declinometer
scale to the five-tenths of a second. Therefore, when our zone
ls observed, we have not only a complete catalogue of the exact
positions of the stars, but also a perfect map of the heavens.

In case we do not read our declinometer scale, we can deter-ge the declination from the chart, within one-tenth of a min-
ute of arc. The precision with w!m:h this machine will map
stars is all that could be desired ; since if two charts of the same
2°ne, made on different nights, be placed one over the other, the
stars will be superimposed so that the eye can detect no difference.
BY means of movable adjustments, we can set the machine

\naving our sheet ruled for Eight Ascension and Declination)

J?
tnat it will give the position of the zone, at the beginning of

the year, without sensible error. For adjusting in Eight Ascen-



172 G W. Hough on Cataloguing and Charting Stars.

sion, the cylinder can be moved about its axis, being held in po-

sition by a friction block. For the declination, we lengthen or

rod (/) by means of the screw (x), fig. 2. The scale

for declination can be varied at pleasure, by changing the posi-

tion of the connecting rod (/) on the lever I, fig. 1. This appa-

ratus can be adapted to any telescope, either transit or equato-

rial ; neither does its use interfere with the ordinary work for

exact positions.

In the observation of asteroids on the meridian, a great deal

of time is wasted, especially when the error of the ephemeris

is cot - lorable. And even when the error is only 2' or 3' in

declination, in certain portions of the heavens, it is almost im-

possible to find the body with a meridian instrument.

This apparatus affords great facility in finding these bodies,

when we have an approximate Ephemeris; since it is only ne-

cessary to observe, on two nights, a short zone of five minutes

in Right Ascension and 10 minutes in declination. The com-

parison of these two charts will at once show which is the planet,

provided it is included within those limits; when, the Ephem-

eris being corrected, it can be observed on the meridian in the

usual way. This has already been tested in finding some of the

ids, using for our Ephemerides Hind's Supplement to

the Nautical Almanac.
In our ordinary work, as we observe all stars visible, the limit

being 13-14 magnitude, it is usually impracticable to observe a

7.nn ft of cheater width than 10' or 12' ; and within these limits,

nusual to find more than 200 stars in one hour of

ght Ascension.

vish to extend our observations over more than

hour of Right Ascension, we loosen the clamp screw (.?),

fig. 1, and slide the whole apparatus carrying the pen, on the

post e; the end of the connecting rod (/) being raised up and

dropped on another pin. These changes can all be made in less

than one minute.

During the past year we have observed and charted six thou-

sand stars, being the result of forty hours' observation. From

.rison of the positions given by the chart with those

i the declinometer, the mean error in the c

-iination, is found to be less than the one-tenth of a

minute of arc. Our work with this apparatus so far has been

c« nfii ••: to c.itai. uwiuu and charting a zone of

stars lying between the equator and 10' of south declinatioD.

In the prosecution of this work these charts have been found ot

great value in correcting doubtful observations, without the

of re-observing the zone. In case a wrong minute is

entered by the assistant charged with taking down the declinom-

eter readings and other remarks, on comparing with the chart

Ri.crht

In c
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; of this ap-
• work for exact positions,

since we have found the mean error of our observations to be
the same-whether the stars were charted or not.

Our work for the past year has demonstrated the practical
utility of this apparatus. If for any purpose we desire a map
of the stars in a certain position of the heavens, we can make
one in a few minutes, which by any other method would require
hours. In the region of the milky-way, where small stare are
very numerous, we have charted them at the rate of 480 per
hour, and at the same time observed every star above the 14th.

magnitude.

Every one will at once see, that a series of charts, even in the
condition in which they are taken from the cylinder, will be of
great value to the ohsoi /..;• rv r \\\ >-h they are made. For,
after being numbered and filed, they become so many maps, al-

though the width does not exceed 10 minutes of arc. But ob-

viously they can be made of greater service, with but little addi-

itigaoua zones to one sheet. This

d by merely pricking through the paper,

with a series of points which shall at once indicate the magni-
tudes.

In case we wish to search for Asteroids, we believe much la-

bor can be saved, and equal if not greater facility afforded in

their discovery. For, suppose we have already completed a
series of charts for one hour of right ascension, and one degree

observe and map the same
seen, should there

i there when the

; at once be detected.

The objection may be offered, that, with the ordinary meridian

instruments, we do "not have optical power sufficient to detect

Aese faint bodies. Granting this to be the case, it does not af-

fect the principle of the method, for we can use the a]

with an equatorial of any size. In the latter case, we would
damp the telescope securely in the meridian, and, attaching an
arm to the I once connect our apparatus in

the same ma transit Slow motion in declina-

tion can now be given to the telescope with the tangent screw,

and the width of the zone limited by employ
suitable to the instrument. These minor details, of course, will

be arranged by the observer, as circumstances require.

Dudley Observatory, March 16tb, 1864-
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Art. XV.— Contributions to Lithology; by T. Sterry Hunt,
M.A., F.R.S. ; of the Geol. Survey of Canada.

(Concluded from p. 104.)

The anorthosites, which yet remain to be described, may be

divided into two groups, those composed of anorthic feldspars

with augite, constituting the dolerites, and those in which sim-

ilar feldspars are associated with hornblende. The general geog-

nostical relations of these two groups of rocks in the districts

under discussion have already been indicated.

Grenville.—It has already been stated on page 93, that the

oldest known intrusive rocks which traverse the Laurentian

series are of dolerite, and that the dikes of this rock are inter-

sected by the syenite, which was succeeded by the orthophyre or

quartziferous porphyry. Nothing corresponding to the syei
''

or the orthophyre is met with among the adjacent Lower Silui
: orthophyre is met y

strata, which are seen to repose upon the worn surfaces of these

rocks. A fourth series of dikes, of a porphyritic dole-

rite, is however found to cut all the preceding rocks, and is per-

haps identical with some of the dolerites which intersect the

Silurian rocks of the island of Montreal. In the other parts of

the Laurentian series, so far as yet examined, intrusive rocks

have been but seldom met with. Much of what has been called

The dikes of this most ancient dolerite or greenstone in Gren-

ville, have a well marked columnar structure at right angles to

the plane of the dike. They are fine grained, dark greenish-

gray in color, and weather grayish-white. Under a lens, the

rock is seen to consist of a greenish-white feldspar with a scaly

fracture, mingled with grains of pyroxene, occasional plates of

mica, and grains of pyrites. It contains no carbonates. Two
analyses of portions of the dolerite, from dikes differing a little

in texture, gave as follows under xv and xvi

:

Silica, '50-35 50-25 5**20

Peroxyd of iron, - • - 1250 \
32 '10 '10-00

\

V.La
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The iron in these analyses, although given above as peroxyd
exists in the form of protoxyd, and in the second specimen, inpart as a sulphuret. These rocks, which appear to have the

nr* a°S c
m

n

,xtures of a basic feldspar with pyroxene, donot differ from ordinary dolerite.
The newer dolerite, which cuts the three other classes of erup-

tive rocks in the Laurentian region, has a grayish-black, very
Ime-gramed base, earthy and sub-conchoidal in fracture and
resembling somewhat the preceding. It contains small brilliant
black grains of ilmeml ,i,ene, and small scales
ot mica. Occasional masses of black cleavable augite, some-
times half an inch in diameter, give to the rock a porphyritic
character. It contains besides, small cleavable masses of white
carbonate of lime, with which the whole rock seems penetrated.
When in powder it effervesces freely in the cold with dilute
nitric acid, and the solution evolves red fumes on heating. In
this way there were dissolved, lime, equal to 8'70 per cent of
carbonate, 0-50 of magnesia, and &50 of alumina and oxyd of

R?S
=15 '70 Per cent- The residue dried at 212° F., equalled

o380 per cent. A portion of aluminous silicate had evidently
been attacked by the acid. The dried residue gave on analysis

'

the results which will be found above under xvn.
The dolerites of the Montreal i rroing nume-

rous dikes, constitute the chief portions of the mountains of
Alontarville, Rougemont, and Mount Eoyal. In all of these
however great diversities of composition are met with, which
will be successively noticed,

Montarvitte.—The grt
a coarse-grained, granit. __
augite predominates,—sometimes almost to the exclusion of a..,
other mineral. Small portions of while feldspar, and scales of
brown mica, are sparsely scattered through the rock, with grains
of carbonate of lime. The removal of these by solution from the
weathered surface often gives to it a pitted character. In other
Portions, the feldspathic element predominates, and the rock
becomes porphyritic from the presence of large crystals of augite.

f
r
e

,

worn surfaces of the dolerite sometimes show alternations

of this variety with another which is finer grained and whiter,
the two are arranged in bands, whose varying thickness and
curving lines suggest the notion that they have been produced
by the flow and the partial commingling of two semi-fluid masses.
Another and a remarkable variety of dolerite, found at Mon-

wville, appears to be confined to a hill on the shore of a little
]ake about half a mile northward from the manor house. The
whole of this hill, with the exception of some adherent portions
01 indurated shale, seems to be composed of a granitoid dolerite,

containing a large proportion of olivine. This mineral occurs
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in rounded crystalline masses or imperfect crystals from one

tenth to oil- th a white or

greenish-white crystalline feldspar, black augite, a little brown

mica, and magnetite.

The proportion of olivine is very variable, but in some parts

it is the predominant mineral. Its color is olive-green, passing

into amber-yellow. The grains, which are translucent, are much

fissured and very brittle. The pulverized olivine gelatinizes

with chlorhydric acid in the cold, and is almost instantly decom-

posed when'warmed with sulphuric acid diluted with its volume

of water, the silica separating chiefly in a flocculent form, and

enclosing small grains of the undecomposed mineral, which are

left when the ignited silica is dissolved by a solution of soda.

A little silica is however retained in solution, and is precipitated

by ammonia with the oxyd of iron. Two analyses of different

portions of the olivine made in this way gave, after deducting

the undecomposed mineral, the following results

:

ie augite of this olivinitic dolerite appears in the form of

i crystalline grains, and also in short thick and terminated

is, which are readily detached from their matrix. They

ften an inch in length by half an inch in diameter, and are

times partially coated by a film of brown mica. These

crystals cleave readily. ]
indenting brilliant surfaces, and are black

in color, with an ash-gray Btreak. Their hardness is 6'0, and

their specific gravity 3"34. Analysis gave as follows:

-

The augite which abounds in the non-olivinitic dolerite, which

forms the greater part of Moutarville, does not appear to differ

from that just described.

An average specimen of this olivinitic dolerite, or peridotite,

was reduced to powder ; it did not effervesce with nitric acid,

and when ignited lost only 05 per cent. When gently warmed

with sulphuric acid, the olivine was readily decomposed, with

the separation of flocculent silica; and by the subsequent useoi

a dilute solution of soda, followed by chlorhydric acid, and a

second treatment with the alkaline ley, 55 per cent of &e
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i dissolved. This portion consisted of silica 37*30,
' tina 3-00=100-00;

mass. In another
experiment, 18*0 per cent were obtained. Taking the mean of
the two analyses of olivine above referred to, which gives 39-5
per cent of magnesia, 18'0 parts of this base corresponds to 45'5
parts of olivine. The remaining 9

-5 parts of dissolved matter
represent alumina and silica from the feldspar, and oxyd of iron
from the magnetite ; both of which were somewhat attacked by
the acids. The undissolved portion of the rock equalled 44'7
per cent, and appeared to consist of a feldspar with pyroxene,
some mica, and a little magnetite. Its analysis afforded silica

49-35, alumina 18-92, protoxyd of iron 4*51, lime 18'36, magne-
sia, 6-36, loss (alkalies ?) 250= 100-00.

In some portions of the dolerite of Montarville the feldspar
is more abundant, and appears in slender crystals with augite,

and with a smaller proportion of olivine than the last. A speci-

men of this variety being crushed and washed gave 3 9 percent
of magnetite, and 10'0 per cent of a mixture of ilmenite with
olivine. The feldspar was obtained nearly pure, in yellowish
vitreous grains, having a specific gravity of 2-73—2-74, and
nearly the composition of labradorite. The results of its analy-
sis are seen under xvin.

LkS
7

-°

The dolerite of Montarville is traversed by veins belonging to

several different periods. In one instance, the black and highly

augitic mass is cut by a dike of a fine-grained grayish-white

dolerite. This is intersected by a dike of a fine-gramed greenish

rock, which, in its turn, is cut off by another small dike which
is grayish-white like the first.

Rougemont.—The rocks of Kougemont offer a general resem-

blance to those of Montarville. Some portions are a coarse-

grained dolerite, in which augite greatly predominates, with
gr^ns of feldspar, and a little disseminated carbonate of lime.

In some parts, the augite crystals are an inch or more m diam-
eter, with brilliant cleavages; and grains of pyrites are abun-
dant, with calcite in the interstices. This rock resembles the

™ghly augitic dolerite of Montarville. Olivine is very abun-
dant in two varieties of dolerite from Rougemont. One of these

-k*. Jour. Scr.-Second Sekibs, Vol. XXXVIII, No. 113.-Sept., 18&L
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has a grayish-white finely granular feldspatr

:>lor€

distinct crystals. The proportions of these ele-

ments sometimes vary in the same specimen, the feldspar forming

more than half the mass in one part, while in another the au-

gite and olivine predominate. By the action of the weather,

the feldspar acquires an opaque white surface, upon which the

black shining augite and the rusty-red decomposing olivine

appear in strong contrast.

The dolerite of this mountain is traversed by numerous dikes,

some of which are diorites like those of Monnoir and Beloeil

about to be described. A dike of compact dolerite, holding

crystals of feldspar and grains of olivine is found intersecting

the strata of the Hudson River formation at St. Hyacinthe.

Mount Royal—This hill, which rises immediately in the rear

of Montreal, consists for the most part of a mass of big

be. In some parts large crystals of augite, like those of

Montarville, are disseminated through a fine-grained base, which

is dark ash-gray in color, and often effervesces freely with acids

from the presence of a portion of intermingled carbonate of lime.

At other times this is wanting, and the rock is a mass of black

gite, constituting a veritable pyroxenite, from which

th feldspar s

'

q parts of which the

grayish rock. Por-

feldspar is absent. Mixtui

met with, constituting a granitoid dolerite,

feldspar predominates, giving rise to a ligh

tions of this are sometimes found limited on either side by

bands of nearly pure black pyroxenite, giving at first sight an

aspect of stratification. The bands of these two varieties are

found curiously contorted and interrupted, and, as at Montarville,

seem to have resulted from movements in a heterogeneous pasty

mass, which have effected a partial blending of an augitic magma
with another more feldspathic in its nature.

The more augitic parts of Mount Royal contain, like the sim-

tiea from Rougemont and Montarville, considerable por-

tions of magnetite and some ilmenite. At the east end of the

mountain a variety of dolerite containing olivine occurs. It

consists of a base of grayish-white granular feldspar, which w
the specimen examined constitutes about one half of the mass,

and encloses crystals of brilliant black augite, and of semi-trans-

parent amber-yellow olivine. This rock closely resembles the

feldspathic peridotite of Rougemont, described above ;
but the

imbedded crystals are somewhat larger, although less than those

in the dolerite of Montarville. A portion of the feldspar, freed

as much as possible from augite, furnished by analysis the result

already given under xix ; which shows that it approaches labra-

dorite in composition.
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Yamaska.—It now remains to describe the diorites which havealready been noticed as forming several important masses among
unve rocks of the Montreal group. In the first placemay be considered that of Yamaska. The greater part of this

mountain consists, as already described, of a micaceous granitoid
trachyte

;
but the southeastern portion is entirely different, bein°-a aiorite made up of •

jlucent felo?
h black brilliant hornblende, ilmenite, and

iron. I his rock is sometimes rather fine-,
elements are always very distinct to the naked eye. In other
parts are seen large cleavage surfaces of feldf
breadth, which exhibit in a very beautiful
cnaraeteristic of the polysynthetic macles of the triclinic feld-
sPars I he associated crystals of hornblende are always much
smaller and less distinct, forming with grains of feldspar, a base,
«> winch the larger feldspar crystals give a porphyritic aspect,
finer grained bands, in which magnetite and ilmenite predom-
inate, traverse the coarser portions, often reticulating ; and the
whole mass is also occasionally cut by dikes of a whitish or
Drownish-gray trachytic rock; which are often porphyritic,
and may perhaps be branches from the trachytic part of the

A portion of the coarse-grained diorite selected for examina-
ion contained, besides the minerals already enumerated, small
Portions of blackish mica, with grains of pyrites and a little

ted carbonate of lime, which caused the mass to effer-

d. The macled feldspar crystals
sometimes half an inch in length, were so much penetrated by
nornbiende that thev were not fit for analysis ; but by crushing

ling the rock, a portion of the feldspar was i

which did not effervesce with nitric acid, and contained no vis-
&le impurity, except a few scales of mica ; its specific gravity
was 2-756—2-763. It was decomposed by hydrochloric acid,
With separation of pulverulent silica; and its analysis, which is
given under xx. and xxi, shows it to be near to anorthite, and
identical in composition with the feldspar of a diorite from Bo-
goslowsk, in the Ural mountains. This is associated with a

!. with a

i uartz. (R. H. Scott, L. K and D. Phihs.

1 ;, xv, 518.)

r, or Mount Johnson, is composed of a dio-

- in its general aspect, greatly resembles that of Fa-
it described, except that it is rather more feldspathic.

-rained varieties are grayish in color, and exhibit a
fixture of grains and sn ar, with hornblende,
r°wn mica, and magnetite. Frequently, however, the rock is
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much more coarsely grained, consisting of feldspar grains, with

slender prisms of black hornblende, often half an inch long and
one-tenth of an inch broad, and numerous small crystals of amber-
colored sphene. In this aggregate, there are imbedded cleavable

masses of the feldspar, sometimes an inch long by half an inch

in breadth. At the southern foot of the mountain, large blocks

of the coarse grained diorite are found in a state of disintegra-

tion, affording detached crystals of feldspar with rounded angles,

and weathered externally to an opaque white from a partial de-

composition. Near to the base of the mountain, a coarse-grained

variety of the diorite encloses small but distinct crystals of

brown mica ; and a fine-grained micaceous variety, containing

sphene, occurs near the summit.
The feldspar, in all the specimens examined from this moun-

tain, appears to be uniform in character. Its color is white,

rarely greenish or grayish ; it has a vitreous lustre, inclining to

pearly, and it is somewhat translucent. The cleavages of this

feldspar resemble those of oligoclase, with which species it also

agrees in specific gravity and chemical composition. The macled
forms, so common in the crystals of triclinic feldspars, have not

however been detected in the specimens from this locality. A
fragment of a crystal gave a density of 2-631, and another por-

tion in powder 2-659. The results of its analysis are given under
xxii. and xxm.

:h have been examined from this

mountain consist of a kind of micaceous diorite. The feldspar,

which so far predominates as to give a light gray color to the

mass, is in white translucent vitreous cleavable grains ;
associa-

ted with small distinct prisms of black hornblende, scales of

copper-colored mica, and grains of magnetite. The analysis of

the feldspar, extracted by washing a portion of the crushed rock

and still containing a little mica, is given above under XXIV.

This result approaches to those obtained from the micaceous

feldspar rock of Yamaska, v. and vi; which has been described

as a kind of trachyte, and, with the rock of Belceil, seems to con-

stitute a passage between the trachytes and diorites.
Rigaud.—A. portion of Eigaud mountain consists of a rather

coarsely grained diorite, which is made up of a crystalline feld-
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spar white or greenish in color, with small prisms of brilliantblack hornblende, and crystals of black mica. In some *neHmens the feldspar and in others the hornblende predSe

t

Ihis rock resembles the diorites of Beloeil and Monnoir.
I he granitoid dolerites of the Montreal group, containing

coarsely crystalline augite and olivine, break through the Lower

dirivi?/^
and P°rti0nS °f

theSe two minerals
>
Probably

derived from these intrusive rocks, are found in the cfolornitic
conglomerates near Montreal, which in some cases include masses
of Upper Silurian limestone, and are cut by dikes of a fine-
grained dolente. These, which perhaps correspond to the newer
dikes of the same rock at Grenville, show that there were at
least three distinct eruptions of dolerite,—one during the Silu-
rian period, one before it, and another after it. The trachytes
ot Montreal and Chambly appear to be still more recent, and to
traverse these newest dolerites.
The trachytes of Brome and Shefford seem to constitute a

8rjuP aPart ;
but the diorites of Yamaska and Mount Johnson

although similar in aspect, differ widely in chemical composi-
tion. Facts are still wanting to establish the geological age of
tbese intrusive masses. The different dolerites, which are related
in mineral composition, belong as we have seen to different geo-
logical periods ; and it would not be safe to affirm that the dif-
ferent diorites or the different trachytes of this vicinity are con-
temporaneous. Nor, on the other hand, should even great dis*
eordances in chemical or mineralogical constitution be necessarily
regarded as establishing a difference in the age of eruptive rocks.
Evidence to the contrary of this is seen in the contiguous and
intermingled masses of black pyroxenite and gray feldspathie
oolerite in Mount Eoyal and Montarville ; and it is not improb-
able that the olivinitic dolerite, which is associated with these,

Jpay be contemporaneous. If, as has been maintained in the
nret part of this paper, the various intrusive rocks are only dis-
placed sediments of deeply-buried and probably unconformable
strata, it will readily be conceived that plastic masses of very
unlike characters may be ejected simultaneously along a line of
abruption.

The various intrusive masses of the Montreal group which
have here been described, appear, from their compact and crys-
talline structure, to have been displaced and consolidated under

The fact t

, considerable mass of superincumbent strata.

'ban 1000 feet above the present level of the plain, appear
dually solid and crystalline with their bases, implies the re-
jfcoval by denudation, since the eruption of these masses, of a

,
ickness °^ sedimentary strata much exceeding their present

ne'ght. This denudation must however have taken place before



182 T. S. Hunt on Ltthology.

the eruption of the later trachytes and dolerites ; since the dolo-

mitic conglomerates, which enclose the fragments both of the

olivinitic dolerite and of Lower and Upper Silurian rocks, re-

pose unconformably upon the Laurentian and the various Lower
Silurian strata, in such a manner as to show that these offered

nearly their present distribution at the epoch of the deposition

of the conglomerates. If then, as is probable, the exposure by
denudation of the whole of the eight hills which have been de-

scribed, took place at one epoch, these are all shown to have a

greater antiquity than the trachytes and the dolerites which
traverse the conglomerates. The fine-grained and earthy tra-

chytes of Montreal are consequently far more recent than the

crystalline ones of Brome and Shefford
;
with which, however,

some of them agree in chemical composition.

The general absence of granite from among these intrusive

masses is a fact worthy of notice. Quartz has not yet been de-

tected in the feldspathic rocks of Brome and Shefford ;
although,

as above mentioned, the base of the feldspathic porphyries of

Chambly, and of Shelburne, contains a slight excess of silica.

The granitic rocks of Shipton, and of St. Joseph on the Chau-

diere, appear to be indigenous masses, belonging to the strata of

the Quebec group; but the higher fossiliferous formations to

the east of the Notre Dame mountains, are traversed in various

places by veins and great masses of intrusive granite, as in Stan-

stead, Barford, and many other places to the northeast, and

along the frontier of Canada. It is worthy of note that the in-

trusive masses on the two sides of the mountain range are, so

far as yet observed, e n . iracter ; and that erup-

tive rocks are generally wanting among the Notre Dame moun-
tains, which consist chiefly of stratified rocks. It is also to be

remarked, that the intrusive granites at their eastern base are

not unlike, in mineralogical characters, to the indigenous granites

of the mountains; thus suggesting the view that these are possi-

bly the source of the intrusive granites which break through the

Devonian strata. A similar relation has been pointed out by

Durocher, in Scandinavia, where the Paleozoic strata are broken

by intrusive masses of granite, orthophyre, zircon-syenite, and

diorite. These rocks, according to him, are specifically analo-

gous to those of the underlying
|

ically distinct. {Bull Soc. Oeol. cle France, [2], vi, 33.) Those

facts are in accordance with the theory of eruptive rocks devel-

oped at the commencement of this paper ; and it would be easy

to extend the comparison to the intrusive diorites and
about Montreal, and to show their resemblance with the
feldspathic rocks of the Labrador series. (This Jo
xxix, 283, and xxxi, 414.)
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IV. Local Metamorphism.

In the second part of this paper I have asserted that the sili-

cated minerals of crystalline rocks have a two-fold origin. In
the first place, they may result from the molecular change of sili-

cated sediments. These are either derived from the mechanical
disintegration and partial decomposition of pre-existing silicates,

or have been generated by chemical processes in waters at the
earth's surface. In this way, steatite, serpentine, pyroxene, horn-
blende, chlorite, and in many cases garnet, epidote, and other

re formed by a crystallization and molecular re-arrange-
ment of chemically-formed silicates, in a manner analogous to
that in which mechanically-derived clays are converted into crys-
talline species. I have however pointed out that in the second
place many of these silicated minerals may be generated by chem-
ical reactions which take place among the mechanically mixed
elements of sediments under the influence of heat aided by alka-
line solutions. Both of these methods are involved in rock-

metamorphism, and in the case of the local alteration of rocks
by igneous masses, it is easy by comparative examinations to
trace the chemical changes involved in the production of silicated

minerals by the second method. In this way, Delesse has shown
that in several cases, where the chalk of Ireland has been altered
by the proximity of intrusive traps, the sand and clay which the
former contains have been converted into calcareous silicates.

(Ann. des Alines, [5], xii, pp. 189, 208, 212.)

An instructive example of this process is furnished at Mon-
treal, where the bluish fossihferous limestone of the Trenton
group is traversed by dikes of dolerite, which are subordinate
to the great intrusive mass of Mount Koyal. The limestone for

a distance of a foot or two is hardened, but retains its bluish

tmt. Within a few inches, it is changed to a greenish-white

color, which is seen to be due to a granular mineral dis-

seminated in the white carbonate of lime. The unaltered lime-

stones from the vicinity contain variable amounts of insoluble

argillaceous matters. A specimen treated with dilute chlorhy-

dric acid, left a residue of about twelve per cent of a fine clayey

substance, colored by a small amount of carbonaceous matter,

and mixed with a little pyrites, which was removed by dilute

I. This residue, after ignition, gave to a solution of

carbonate of soda, 95 per cent of its weight of soluble silica;

and the insoluble portion, being submitted to analysis, gave the

result i. A portion of the limestone which was near to the in-

trusive rock, and was hardened and partially altered, was sub-

jected toth »d gave an insoluble

residue with the composition n. The more thoroughly altered

greenish limestone was also treated with dilute nitric acid, which
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dissolved the carbonate of lime, and left a residue, the analyse

of which, from two different portions of the rock, are give

under in. and IV.

Silica, *73-02 5400 4260 40-20

soluble in alkalies, contains nearly 75 -5 hundredths of silica, and

16-5 of alumina. These, in the vicinity of the dolerite, have

become saturated with protoxyd bases, including the small por-

tions of magnesia and of oxyd of iron which the limestone con-

tains. This process evidently involves a decomposition of the

carbonate of lime, and the expulsion of the carbonic acid. It

is worthy of remark that while the unaltered limestone contains

a little carbonate of magnesia, the rock from which in. was ob-

tained yielded not a trace of magnesia to dilute nitric acid ;
n.

marks an intermediate stage in the process, and shows moreover

that the alkalies are still retained in combination with the alu-

minous silicate. These amorphous silicates, which have been

formed by local metamorphism, might, under favorable circum-

stances, have crystallized in the forms of feldspar, scapolite, gar-

net, pyroxene, or some other of the silicious minerals which so

often occur in metamorphic limestones. The agent in producing

these silicates of protoxyds at the expense of the carbonates of

the limestone, was probably a portion of alkaline salt, either de-

rived from the feldspathic matter of the limestone, or possibly

infiltrated from the contiguous feldspathic rock ; whose elevated

temperature produced the reaction which has resulted in thus

altering this limestone.

Similar examples of local alteration are met with in several

other places near to the intrusive rocks of the Montreal group.

The schists of the Utica formation in contact with a dike of in-

trusive rock at Point St. Charles, and also near a mass of tra-

chyte on a small island opposite the city of Montreal, occasion-

ally exhibit small crystals of pyroxene, and in some cases prisms

of hornblende. Among similarly altered shales at Rougemont

are beds which consist of a highly ferriferous crystalline dolo-

mite intermingled with dark-green cleavable hornblende, wnl^
forms thin layers, or in other cases encloses small rounded

masses of the dolomite. (See for a description and analyses ot

this rock, the Geobgy of Canada, p. 634.)
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At Montarville, the shales of the Hudson river formation are
altered in the vicinity of the dolerite which forms the mass of
the mountain. Some portions of the strata are very fine-grained,
reddish-brown, and have an earthy sub-conchoidal frac;

occasional cleavage joints. The hardness of this rock is not
great, and it is apparently a kind of argillite, but between two
beds of it is one of a harder coarse-grained rock, greenish-gray
in color, and mottled with a lighter hue. This appears to be

lie in composition, and is penetrated in various direc-
tions by numerous slender prisms of black cleavable pyroxene,
sometimes half an inch in length. The layers of sedimentation
are distinctly marked in this bed, as well as in the finer grained

lich enclose it; and the whole affords an interesting ex-
ample of the different effects of the same agency upon beds of
unlike composition; although it would be impossible without

vc chemical analyses to determine whether the silicate

- iiere crystallized in the form of pyroxene, existed in

red sediment, or whether, as in the case of the uncrys-
tallized silicate from the altered limestone at Montreal, it had
been generated under the influence of ,the intrusive rock. In
oy far the greater number of cases, the only apparent effect of
the igneous rocks of the regi under description upon the pal
ozoic limestones and shales, has been a very local induration

;

the appearance of crystals in these circumstances is a compar-
atively rare occurrence, and seems to depend upon conditions
which are exceptional, showing, as I have elsewhere remarked,
that heat and moisture are not the only condition of metamor-
phism. {This Journal, [2], xxxvi, 219.)

With these few examples of local metamorphism I conclude
the present paper, proposing however to give in a subsequent
one the results of some investigations of certain indigenous

crystalline rocks.

Montreal, March 15, 1864.

ART. XVI.—Description of a new species of Chiton ; by William
Prescott, M.D., of Concord, N. H.

Chiton Californicus.—The specimen of Chiton here de-

scribed is in a dried state, having several years since been found
cast upon the seashore at Santa Cruz Bav, California. It must,

therefore, have been considerably-larger when found than it now
**• The color has also undergone a material change. It is said,

when found, to have been of a uniform brilliant red: but now,
the most prominent portion of the dorsal surface, (which would
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naturally be the first to dry,) is mainly of a chesnutred, while

the sides, together with some irregular blotches on the back, are

of a dark brown, approaching in many places to black—occa-
sioned, no doubt, by incipient putrefaction previous to becoming

dry.

The whole length of the specimen is 6'8 inches; greatest

breadth, 3*1 inches; greatest perpendicular height, 1*7 inches.

The coat of mail, or shell-like covering, which gives shape and

form to the whole animal, is ovate-oblong, convex above, consid-

erably narrowed before and much wider posteriorly. It consists

of eight testaceous pieces, or valves, which are imbricate (over-

Outline of 4th and 5th valves of C. Californicus, natural size,

lapping each other), with the extremities of their anterior wings

deeply imbedded and concealed beneath the skin or mantle.

Valves smooth, destitute either of lines of growth or geometrical

markings and not carinated. A convex tubercle or prominence

occupies the centre of the dorsal portion of each, being most prom-

inent on the 2nd, 3rd, 7th and 8th, much less so on the 4th and

5th, while on the 1st and 6th it is in the form of an elongated

ridge—on the former longitudinally, <

(The latter may be accidental, or the result of an injury.) ^n

i perfectly mastoidal andthe 7th and 8th valves the form is more
j

5 distinctly pointed.
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The first, or anterior valve, is externally in the form of an ob-
tuse V, with four deep narrow fissures at its anterior inner margin.
The posterior or 8th valve is rounded externally, with a small
emargination or circular notch at its posterior margin.
The shape of the six other valves is papilioniform, or but-

terfly-shaped, neither keeled nor beaked; posterior margin luna-
ted, being deeply and circularly arched between two wing-like
projections which extend backward, their rounded extremities
overlapping the valve immediately behind. The anterior wings,
which are much larger than the posterior, are rounded, and pro-
ject forward beneath the valve immediately before it, forming
an arch much deeper than that formed by the posterior wings,
but not so regularly circular.

The whole exterior surface of the mantle, from the margin up-
ward, is thickly besprinkled with minute granulations which are
of the same color as the mantle, most numerous on the sides and
resembling shagreen, less numerous on the back, and least of all

on the convex tubercles. There are also numerous indentations,
which are most numerous on the convex portion or back, giving

-emoved by friction.

"and,~with the whole inferior surface,

The gigantic size of the specimen and the peculiar and unique
form and structure of its valves render it extremely interesting,

and a full description and figure of it very desirable and highly
important.

The name of gigas at once suggested itself; but as that name
had already been given to an African species (although one
much smaller than this), the name of Californicus (from the
State upon whose shores it was found) has been adopted.

It was obtained in California, some 8 or 10 years since, by the
Eev. 0. C. Baker, of this city, in whose r.

Concord, N. H., March 20, 1863.

Art. XVII.— On the rising of Springs and Streams in California,

Wore the winter rains ; by H. Gibbons, M.D., of San Fran-

It is a subject of popular remark in this country, that the
spnngs and small streams begin to rise a long time before the

setting in of the rainy season, and before a drop of rain has
fallen. The common notion is that the rise of the springs has
some relation to the near approach of the rainy season. Although
* had no doubt of the fact for several years, yet the demonstra-
tion of it did not occur to me until the autumn of 1858.
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Two or three miles east of the Bay of San Francisco, and

running parallel with the bay, is a range of hills about 1000

feet in height, the summits of which are naked, or sparsely oc-

cupied by oaks and redwoods. The springs and small streams,

which abound on these hills in the winter and spring, mostly

dry up in the course of the summer, though springs and swampy
spots may be found here and there almost on the very summits

through the whole course of the driest seasons. During the

year 1858, I frequently traversed the hills by a road running in

the trough of a crooked ravine, skirted by a pleasant little stream

which started from a spring within two hundred yards of the

summit and increased considerably in its descent. The dry

season commenced rather earlier than common, not en

to lay the dust falling after the first week in April. My little

rivulet continued to murmur refreshingly by the road
July, when it disappeared in places; and by the beginning of

August it formed a chain of swampy spots and pools. At the

end of August, when I expected to find it almost desiccated,

judge of my surprise on encountering a brisk streamlet about a

mile from the top of the hill, at a spot which had been perfectly

dry. From that time it steadily increased, the pools being con-

nected for the greater part by a continuous stream, by the 10th

of October, though no rain had fallen.

Another instance still more striking has fallen under my no-

tice. One mile from the foot of the hills, toward the bay, the

county road is crossed by a small winter stream, never more

than six feet wide, which became perfectly dry earlv i

The channel of the stream is not more than two feet in depth.

tember, the wet space extended some fifty feet. On the 9th of

October, it had become a continuous, running stream, discharg-

ing five or six gallons per minute. And this happened without

a drop of rain.

There is no great difficulty, I apprehend, in solving the phe-

nomenon. The water which falls in the winter and spring pen-

etrates the earth, and finds an impervious bed not far beneath

the surface. This bed being more or less inclined, the water of

course gravitates laterally, till it finds vent in the form of a

spring. In the long days of summer, when the sun is fifteen

hours above the horizon, and almost vertical, and when the at-

mosphere is very arid, evaporation is so rapid as to exhaust the

supply at the springs and cause them to disappear; or at least

-h the supply, and carry off entirely the water from

the bed of the stream "in the intervals of the springs. As the

season advances, the days become shorter and the power of the

sun also diminishes. Evaporation becomes proportionally slower,
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and at length it is so retarded as not to carry off the percolations
of the springs; and the springs first reappear, and then the
streams.

The diminishing evaporation after the summer solstice may
be forcibly represented by figures. Thus, the time occupied by
the process of evaporation, in proportion to that of influx or re-
plenishment—or, in other words, the number of hours of sun-
shine and of night, in this latitude, is nearly as follows:

June 20—sun I5h., night 9h. ; or as 10 : 6.

July 20— " 14h., " 10h.; " 10: 7-14.

Aug. 20— " 13h., " llh.; " 10: 8-45.

Sept. 20— " 12h., " 121).; " 10:10.
Oct. 20^" llh., " 13h.; " 10:11-82.
Nov. 20— " 10h., » 14h.; " 10:14.

But this exhibits only the space of time occupied by the evap-
orating process. The greatly diminished power of the sun's
rays in the autumnal months enhances the effect very materially.
Besides, it is quite possible that, in the longest days, when the

fit heated, a portion of the water in the strata supply-

y upward by capillary attraction.
This would be an additional source of exhaustion, which would
cease or din ..nee of the season.

I have been informed by the late J. W. Osborne, Esq., of

it it is very common for the springs and streams, after
rising in the autumn, to disappear again before the rains set in.

Though this fact has not come under my own observation, yet I
can scarcely doubt it, the cause is so obvious. We very seldom
have rains sufficient to penetrate a foot into the soil before De-
cember. And though the evaporation may be almost completely
suspended, yet the supply in the the springs
roust in time be exhausted, and in that case the springs would
again disappear.

It is worthy of remark that, on v is found
near the surface, in most of the plains and valleys of California.

Impervious beds of clay or rock appear very generally to under-
lie the superficial strata. If it were otherwise, the phenomena
to which this paper refers might not be so conspicuous. There
18 a prominent feature of the scenery of our plains dependent
°& the same cause. In the autumn, after travelling five or ten

roiles without meeting with a drop of water, or any growing
vegetation, you observe a clump of green willows in the bed of

*h-at appears to be a "dry creek." You find there a pool of

water, and perhaps in the course of the bed other pools will be
round, where a good supply of water is always on hand in the

onest seasons.
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The New Almaden quicksilver mines are situated on a range

of hills subordinate to the main coast-range, the highest point

of which at the place is 1200 to 1500 feet above the valley of

San Jose. Southwest of the range which contains the quick-

silver mines, the coast-range attains a considerable elevation,

Mt. Bache, its highest point, being over 3800 feet in height.

New Almaden is approached by the railroad running from

San Francisco to San Jose, a distance of 45 miles. ' In the

course of it there is a rise of 100 feet, San Jose being of this

elevation above the ocean. From San Jose to New Almaden

the distance is 13 miles, with a gradual rise of 150 or perhaps

200 feet.

The rocks forming the subordinate range in which the quick-

silver occurs, are chiefly magnesian schists, sometimes

and rarely argillaceous. As a group they may be distinguished

fcic, often passing into well characterized serpentine.

Their geological age is not very definitely ascertained, but they

are believed by the officers of the State Geological Survey to be

not older than Cretaceous. But few fragments of 1

these very obscure, have yet been found in these m
rocks. At a point just above the dumps, behind the reduction

works at the hacienda (or village), there is an exposure, in which

may be clearly seen in projecting lines the waving edges of con-

torted beds of steatite and serpentine, interspersed with ochery

or ferruginous layers, more easily decomposed ; and the partial

removal of the latter has left the steatitic beds very prominent.

The mine is open at various points upon this si.

range over a distance of 4 or 5 miles, in a

The principal and the earliest workings of the mine were in a

right line, but little ra

orkings are approached, however, by a well-graded wagon-

3aa, skirting the edges of the hills, which is 2f miles in leng'h

It appears partly from tradition, and partly from the memc
f persons now living, that the existence of cinnabar upon t

hill was known for a long time prior to the discovery

possessed any economic value. In fact, upon the ve

summit of this subordinate range, cinnabar came to th

and could be obtained by a slight excavation or even
ing the rocks lying upon the surface. In looking about tor

physical evidences such as would aid the eyes of an ex

observer in detecting here the probable presence of

metallic deposits, one observes on the summit of the h

rious points along the line of its axis for 2 or 3 miles, and also
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beyond, toward the place called Bull Run, occasional loose
boulders of drusy quartz, with more or less well characterized
geodes and combs ; accompanying which is an ochraceous or
ferruginous deposit, such as frequently forms the outcrop of me-
taJhc veins. There is, however, no such thing as a well charac-
terized vein, the quartz and its associated metals occurring rather
in isolated masses or bunches segregated out of the general mass
of the metamorphic rocks, and connected with each other, if at
all somewhat obscurely by thread veins of the same mineral.

eJie m
?
m entrance to the mine at present is by a level about

800 feet long, and large enough to accommodate a full-.
road and cars. This level enters the hill about 300 feet from its
summit, and is driven into a large chamber, formed by the re-
moval of a great mass of cinnabar, leaving ample space for the
Hoisting and ventilatii; Qg the mine.
At this point a vert to an additional depth

of nearly 300 feet, over which is placed a steam " whim " with
friction gearing and wire rope, worked by a steam engine, and
by means of which all the ore from the various workings of the
mine is conveniently discharged from the cars, which convey it
out of the level to the dressing floors.

The first thing which strikes the »b?erver on entering the
mine is the liberal scale of its exploration. Every thing indi-
cates a liberal and judicious use of capital in the development
ot a property which upon any other principle of exploration
Would probably have been unremunerative. We note also the
absence of the usual galleries or levels, cut at regular distances
of ten fathoms, common in the exploration, for example, of
copper mines, and of other metallic deposits in which the ore is
confined to well characterized veins.
In order to reach the lower workings of the mine, the ob-

server may employ the bucket as a means of descent, or he may,
m a more satisfactory manner, descend by a series of ladders and
steps, not in the shaft, but placed in various large and irregular
openings, dipping for the most part in the direction of the mag-
netic north, and at an angle of 30° to 35°. These cavities have
been produced by the miner in extracting the metal, and are
often of vast proportions; one of them measures 150 feet in
IeQgth, 70 feet in breadth, and 40 feet in height—others are of
smaller dimensions; and they communicate with each other
sometimes by narrow passages, and at others by arched galleries
cut through the unproductive serpentine.

Some portions of the mine are heavily timbered to sustain the
roof from crushing, while in other places arches or columns are
left in the rock for the same purpose.

u " principal minerals associated with the cinnabar are quartz

tlcareous spar, which usually occur together in sheets or-a'oa
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strings, and in a majority of cases penetrate or subdivide the

masses of cinnabar. Sometimes narrow threads of these mine-

rals, accompanied by a minute coloration of cinnabar, serve as

the only guide to the miner in re-discovering the metal when it

has been lost in a former working.

Veins or plates of white massive magnesian rock and sheets

of yellow ochre also accompany the metal. Iron pyrites is rarely

found, and no mispickel was detected in any portion of the

mine ; running mercury is also rarely, almost never, seen.

The cinnabar occurs chiefly in two forms, a massive and a

sub-crystalline. The first is fine granular, or pulverulent, soft,

and easily reduced to the condition of vermillion ; the other

is hard, more distinctly crystalline, compact and difficult to

break ; but in neither of these forms does it show any tendency

to develop well formed crystals. It is occasionally seen veining

the substance of greenish white or brown compact steatite or

*-?;
stracted by contract, the mil

>n the greater or less facility witn wmcn uio

2 broken: By far the larger portion of the work people

in the mines are Mexicans, who are found to be more adven-

ftentimes to undertake

jobs which the latter have abandoned. The price paid for the

harder ores in the poorer portions of the mine is from $3 to

$5 per cargo of 300 lbs. This weight is obtained after the ore

is brought to the surface and freed by hand-breaking from the

superfluous or unproductive rock ; by "this arrangement, the com-

pany are secured from paying for anything but productive min-

eral. All the small stuff and dirt formed by the working of the

"labors," are also sent to the surface to form the adobes used

in charging the furnaces.

It has often happened in the history of this mine, during the

past fifteen years, that the mine for a time has appeared to be

completely exhausted of ore. Such a condition of things has,

however, always proved to be but temporary, and may always

be avoided by well directed and energetic exploration. Upon

projecting, by a careful survey, irregular and apparently discon-

nected chambers of the mine in its former workings in a section,

there is easily seen to be a general conformity in the line of di-

rection and mode of occurrence of the productive ore- masses.

These are found to dip in a direction toward the north, in a plain

parallel, for the most part, to the pitch of the hill, but at a some-

what higher angle. An intelligent comprehension of this gen-

eral mode of structure has always served hitherto in guiding the

mining superintendent in the discovery of new deposits of ore.

Since the settlement of the famous law-suit, which has so long

held thii company in a condition of doubt, the new parties, into
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whose hands the property has now passed, have commenced a
series of energetic and well directed explorations at various
points upon the hill, with a view to the discovery of additional
deposits of ore. At one of these new openings, distant at least
500 feet from the limit of the old workings, and not more than
jOO feet from the summit of the hill, a deposit of the richest
description of the softer kind of cinnabar has been discovered,
which, so far as hitherto explored, has a linear extent of at least
70 or 80 feet, and in point of richness has never been surpassed
by any similar discovery in the past history of the mine. A
charge of 101,000 pounds, of which 70,000 were composed of
this rich ore, 31,000 pounds of "granza," or ordinary ore, and
48,000 pounds of adobes, worth 4 per cent, making a total charge
of 105,800 pounds, yielded on the day of our visit, 460 flasks of
mercury at 76£ pounds to the flask. This yield is almost with-
out parallel in the history of the mine. The only preparation
which the ores undergo, preparatory to reduction, consists of
hand-breaking, or "cobbing," for the removal of the unproduc-
tive rock.

m
The small ores and dirt hoisted from the mine are made into

.
adobes," or sun-dried bricks, sufficient clay for the purpose be-

ing associated with the ore. The object of these " adobes " is to
build up the mouths of the furnaces to sustain the load of richer
ores. No flux is employed, there being sufficient lime associa-
ted with the ores to aid the decomposition of the sulphurets.
The furnaces are built entirely of brick, in dimensions capable

of holding from 60,000 to 110,000 pounds, according to the
character of the ores employed. The chambers are fired from a
lateral furnace, fed with wood, and separated from the ore by a
wall pierced with numerous openings by the omission of bricks
tor that purpose.
Connected with the furnace is a series of lofty and capacious

chambers, also of masonry, through which the whole producf
combustion is compelled to pass alternately above and belt

Jom chamber to chamber, until all the available mercury is c
densed. The draft from these furnaces is carried by inclined
stacks up to the top of a lofty hill several hundred feet distant;
and here the sulphurous acid and other effete products of the
furnace are discharged. Formerly, no precautions were taken
t° prevent the escape of mercury through the foundations of the
furnace to the earth beneath: now. the furnaces stand upon
double arches of brick-work, and plates of iron are built into
the foundations, so as to cut off entirely all descending particles
of the metal and turn them inward. To be convinced of the

importance of this precaution, it is sufficient to watch the opera-
tion of the furnace for a few moments, when
**• Jotm. Set.—Second Series, Vol. XXXVTII, No. 113.—Sept., 1864.



stream may be seen to flow into a reservoir provided for it, and

which by the former process was completely lost in the earth.

On taking up the foundations of some of the old furnaces,

within the last two years, the metal was found to have penetra-

ted, or rather permeated, completely through the foundation and

clay of the substructure down to the bed-rock beneath, a depth

of not less than 25 or 30 feet. Over 2,000 flasks of mercury

were thus recovered in a single year from the foundations of the

two furnaces. This loss is entirely avoided by the improved

construction which has been adopted.

The whole process of reduction is extremely simple, the time

occupied from one charge to another being usually about seven

days. The metal begins to run in from four to six hours after

the fires are lighted, and in about sixty hours the process is

completed. The metal is conducted through various condensing

ohambers by means of pipes of iron, to a "crane-neck," which

discharges into capacious kettles. It undergoes no further pre-

paration for market, being quite clean from all dross.

Deducting 2£ years, during which the mines were in a state

of inactivity, pending the decision of the law-suit, the average

monthly product for 12£ years has been not far from 2,500 flasks,

of 76£ pounds each, of mercury. The selling price in San

Francisco is, at present, and has been for some time past, 75c.

per pound, while in London and I^ew York it has ranged from

40 to 50c. per pound.

ART. XIX.— Observations on a Seam of Goal; by Prof. B. B.

Andrews, Marietta College, Ohio.

The seam of coal here described is located in the northern part

of Washington Co., Ohio. It extends through the hills for several

miles, and is generally of workable thickness. On Bear Creek,

a small tributary of the Muskingum river, which latter stream

is rendered navigable by large dams and locks, the coal is five

feet in thickness. To the south the coal disappears, and evi-

dence will presently be given to show that the orig

marsh was in that direction, skirted by open water. The geo-

logical position is near the top of the Coal Measures. I know
of no other seam of coal of economic value above it in our Ohio

rocks, although we find perhaps two hundred feet of unproduc-

higher. It is about sixty feet

-
-

•::.::.
: : ;

'

- '
'

;

wfth which is associated a seam of coal now worked at Coal

Eun on the Muskingum river. This group is ver
and, after showing itself over a considerable part ... i
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County, dips below the Ohio river to the northeast and reappears
m the vicinity of Wheeling, W. Virginia, where its accompanying
coal is extensively mined. In this connection it may be re-
marked, that there is great confusion among our geologists rela-
tive to the equivalency of the Pittsburg, Wheeling, and Pomeroy
seams of coal. Dr. Caleb Briggs, who was connected with the
early surveys of Western Virginia and Ohio, regards the three

equivalent; while Lesquereux makes the Pittsburg and
^' !ln - ~ ii* ( pm ilu't. tov.hich 1 and- another, m a -earn
of coal at Athens, Ohio. My own investigations have led me

the Wheeling and Pomeroy seams to be entirely dis-

ile the Athens coal is probably the continuation of the
Pomeroy seam. The Athens coal is probably the same with the

ireek Coal, (Athens Co.) which, bv all our Ohio geolo-

'f/*-
- Awarded as the continuation of the Pomeroy seam. The

Pomeroy seam, as traced by ravself, from Federal Creek into the

ton County, is found to be from
sixty to seventv feet above the very limestone group which is

so persistent and which carries v.- iicl Wheel-
nd through

parts of Washington County, and is

everywhere from fifty to seventv feet above the limestone group.

seam of coal which is found in the hills above the

;), is the equivalent of

Toy coal.

The Bear Creek coal, which I propose to examine, is without
doubt the geological equivalent of the Pomeroy seam. It is,

however, greatly modified in structure by causes which I shall

hereafter explain. Before the Bear Creek coal disappears to the
south, there is evidence of a struggle in that direction between the
vygetation and the water. The coal-marsh was repeatedly flood-

' ed, and over the vegetation thick deposits of sediment were made
^ieharenou-'irc-dav. We l.

at last, the coal disappears
and we reach a region o
unbroken water. There i,

lu>t!ii,,g peculiar in the rock
^ociated with this coal.

Above the coal is a thii
stratum of bituminous slate

ilopment of sandstones
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The coal was analyzed by Dr. J. S. Newberry and gave:

Volatile matter, 49 to 51 per cent.

Probably this percentage of ash is a little below the average

for the whole seam. The coal is hard, and breaks with an unu-

sual eonchoidal fracture, resembling cannel coal. The appear-

ance of the laminations as seen on the surface of the polished

vertical planes, resembles varnish spread with a coarse brush,

thus giving a peculiar streakiness to the surface. These lamina-

tions often show themseves to be immeasurably thin layers of

sedimentary matter. In the fracture these layers present the

appearance of exquisitely-fine steel medal-ruled engraving. It

is doubtless to these peculiar laminae that the coal owes the

property of parting with remarkable readiness with its gas or

hydro-carbons, for the coal is very rich in gas and burns with

remarkable freedom. In the grate it differs from the Wheeling

coal, as dry wood differs from wet green wood. Why the

presence of these laminae of sedimentary matter—thinner than

any tissue paper—should thus facilitate the production of gas, a

fact which I have observed in some cannel coals, has not been

explained so far as I know. Besides these peculiar laminations,

there are the usual ones, which most geologists regard as pro-

duced by the different increments of vegetable matter, and show-

ing perhaps periodicity in the growth and falling of the leaves

and fronds of the coal vegetation. The Pittsburg coal exhibits

this class of laminations in smooth and highly polished horizon-

tal surfaces, and it is by these that this coal is readily distin-

guished from other Western coals. In the Bear Creek coal we

find also lamina? of mineral charcoal. This is sometimes found

in plates one-fourth of an inch in thickness. It exhibits a fibrous,

woody structure, and is very soft and easily reduced to powder.

Whether this charcoal is produced by some peculiar property in

the original vegetable matter, which did not permit the usual

bituminization, or the bitumen has been subsequently removed

by great pressure, leaving the fibres dry like the pressed stalks

of sugar cane, it is perhaps impossible to determine. The first

class of laminae, those having a sedimentary appearance, doubt-

less tells a tale of water, and indicates that the vegetal

where it was very marshy and constantly inundated. This water,

however, contained only the slightest possible amount of impal-

pable sediment, and could scarcely have been much discolored.

This marshy character of the coal field and the overflow ot

water doubtless caused an unusual softening and mac
the fallen vegetable matter, and produced the cannel-

acter of the coal. But while the coal marsh was ordin
or less covered with comparatively pure water, at one time it
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was flooded by more turbid water, which left a distinct earthy
deposit. 7>.. : a the coal, now black and highly
bituminous, is evenly distributed over a large area, and indicates
a general overflow.

Another interesting feature of the Bear Creek coal is the pres-
ence, in various parts of the seam, of drifted and beach-worn
wood. This is generally found in small fragments with the ends
rounded, as if long water-tossed. ,
Though now changed into sulphu
ret of iron, they sho w plainly a woody
structure, and are entirely unlike the

;vhich
,

ical aflinity. I have found them
|

showing the bark-markings of the
original tree.

I some instances they are sticks

and a half in diameter, and rou
not confined to any particular part of the seam, but may be n

with any where, even in the very purest portions of coal. This
would indicate that the coal was formed under circumstances al-

lowing these vegetable waifs to be floated in and lodged among
the vegetation. But the water on which they were borne could
have been only slightly charged with sediments, as no such sed-

iments, with the exceptions of the extremely thin laminae pre-

cluded to, are found in the coal. I doubt whether these
bits of drifted wood are to be found in the coal very far inland

from the water edge of the coal marsh. I have not noticed them
in the same seam of coal where it is mined, a few miles northeast of
Bear Creek. There is, moreover, evidence to show that the coal

changes in character as it recedes from the water's edge of the

marsh. It becomes more soft and caking, and less like

cannel in fracture and behavior in the fire. These facts are in-

teresting, as tending to verify Dr. Newberry's theory, that cannel

coal is produced by the action of water in rendering the vege-

table matter more soft and pulpy.

Vertical planes.—The existence of vertical planes m all coal has
]°ng been known. I have improved many opportunities of

studying these planes, and have, s coal fields

are concerned, verified a conclusion which I presented in a paper
read before the An r the Promotion of

at the meeting in Springfield, Mass., viz: that these

Planes have a uniform direction—nearly east and west. I have

examined seams of coal in all parts of the Coal Measures, from
fcQe bottom to the top, as well as seams far apart geographically,

and have invariably found the general direction of these planes

the same. So confident have I become in this conclusion, that,

flat plates of sulphuret of iron wh
are formed within all coals by ch<
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in my geological rambles among the hills and mountains, I have

often taken mj points of compass from the coal, as I have found

the seams exposed in the various hillsides.

In the Bear Creek coal the principal planes lie in the di-

rection S. 80° E. Besides these principal or primary planes

there are local develop-
3

ments of other planes,

which make an angle with

the first. The secondary
planes are parallel with

each other, and constitute

at the point where exhib-

ited a perfect and beautiful

system, and as distinctly

marked as the primary sys-

tem. The accompanying
figure, (fig. 3,) shows the systei

Creek coal. The lines markec
those marked b the secondary

In very rare instances the plane b curves into the plane a, hut

generally there is a sharply defined angle of intersection. These

angles vary in different localities in the same mine ; but wherever

the secondary planes appear, they are parallel and true to their

own local system. The highest "angle I have measured is over

30°, but generally the angles are less. So far as I have exam-

imed the Bear Creek coal, the secondary planes cross the pri-

mary ones in the direction of south-of-west and north-of-east.

This brings the primary planes on one side of the east and west

line, and the secondary planes on the other (see fig. 4). If these

may be called crystalline planes, as their regularity and polish

licate, they were doubtless formed at the time of the

tion of the coal, and thei lined by ter-

restrial electricity. The great east and west currents of thermal

electricity might induce a sort of polarity in the particles of coal,
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causing them to part in the magnetic directions north and south
lhe presence of iron in the coal might have facility, I thia
action. The divergence of these planes from an east and west
line are not greater than the aggregate secular variations of the
needle, and may have been produced by the same cause. That
these planes are entirely unlike slaty cleavage and jointe&struc-
ture, seen in other rocks, is, I think, sufficiently apparent. There
are no such planes, nor jointed structure of any kind, in the bi-
tuminous slates and shales accompanying the coal. A thin lam-

m >er, shows these planes perfectly
while nothing of the kind is found in the bituminous slate above
and below. There is no jointed structure to be found in any of
our rocks associated with the coal. So far as I have observed,
these joints are generally found in rocks which have been sub-
jected to heat as well as pressure. If this is so, we should not

U joints in the coal ; as in the West, it has never been
subjected to any heat, the coal stil and normal
quantity of bitumen.

Other lessons may be learned from this seam of coal, but I
deter their consideration to another time.

Art. XX.— On the Chimenti Pictures; by Charles A. Joy,
Professor of Chemistry in Columbia College,. New York.

Photographs of the famous Chimenti drawings have been
exhibited in this country, upon the back of which was pasted
the following announcement

:

" The stereoscopic pictures executed by Jacopo Chimenti, born
d 1640. These remarkable pictures, from the Museum

* Lille, were found to be stereoscopic by Dr. Alexander
^rum Brown, when visiting that city in 1859 with his brother,
vr. John Brown. Sir David Brewster communicated this curious
discovery to the Photographic Society of Scotland, and Dr.
Brown's account of it was published in the Photographic Journal
of ^ay 15, I860, and in the Encyclopedia Brittanica, article

Stereoscope.

In these works, Sir David Brewster expressed the opinion,
that as Baptista Porta had, in 1593, published (after Galen, born
A. D. 130,) the true principle of the stereoscope,

1 Chimenti had
executed the drawings from the binocular principle of Porta,
and was therefore the true inventor of the ocular stereoscope.

In order to satisfy himself of their stereoscopic character, Sir

. of them, but failed in procuring
*t. Mr. Wheatstone, however, having obtained one, declared

1 See his Treatise on the Stereoscope, pp. 6 and 8.
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that the pictures were not stereoscopic; and Dr. W. B. Carpenter,

being of the same opinion, charged Sir David Brewster publicly

with dishonesty, in not having retracted his opinion of them,

alleging that he must have known that they were not stereo-

scopic from copies in his possession. Sir David never saw the

pictures till March 7, 1862, when he received a photograph of

them from Professor Kuhlemann, of Lille, and found them to be

truly stereoscopic/ Mr. Wheatstone and Dr. Carpenter apparently

not knowing that they should be transposed when placed in the

stereoscope, though this is distinctly shown in Dr. Brown's com-

The authorship of the above history of the Chimenti pictures

is usually attributed to Sir David Brewster.

Prof. Emerson, in the following note, has again called my at-

tention to these prints, being impelled thereto by an article from

Sir David Brewster in the Philosophical Magazine

:

" Paris, Feb. 24, 1864.

To Professor Joy, Vice-President of the Am. Photographic Society

:

My Dear Sir:—As I know your lively interest in such matters, you

will probably have noticed a letter of Sir David Brewster in the Philo-

Magazine for January, 1864, in which he controverts the con-

clusion I draw from my investigations of the ChinK-nti l'ictures." It i»

vestigation, it is my opinion that you would render valuabl ihe

publish, ii

Journal, American testimony on this subject. You will greatly oblige

me by underti n, especially as I know you will do it

thoroughly and exhaustively.

I am very sincerely yours, Edwin Emerson."

In compliance with Professor Emerson's request, I have been

at some pains to obtain American testimony on the matter in

Three sets of the Chimenti pictures were pasted on stereo-

scopic cards. The first set was mounted correctly according to

Sir David Brewster; the second, as they were found, that is,

wrong, according to Sir David ; on the third, two prints from

the same negative were placed side by side. These prints were

sent to per® ue use of the stereoscope, and a

large amount of testimony was obtained. Truth compels me to

say that not a solitary person found them to be " truly stereo-

A few observers imagined that they saw some slight relief;

but as they pronounced the relief to be best where the right and

left hand prints were from the same negative, their testimony

was unfavorable to Sir David Brewster.
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When photographs of the Chimenti drawings were first sent
to this country, they underwent a thorough and searching scru-
tiny; the verdict was unanimous against Sir David, and al] were
at a loss to account for the pertinacity with which thai
guished observer adhered to his opinion.

Out of the mass of testimony which was cheerfully furnished
to me, I have made a few selections.

Professor William B. Eogers, of Boston, whose opinions upon
questions in physical science rank as high as those of any man
of science in this country, has sent me the following valuable
suggestions, which I publish at length upon my own responsi*
bility, as the writer has gone to Europe and cannot be applied
to for his consent.

Prof. Eogers writes :
" I will state the impression gathered

irom a hasty scrutiny made both without and with the stereoscope.

;

It is simply this ; that the difference between the two pictures
is such in kind and degree as might easily arise from imperfect
or careless copying, and furnishes to my mind no evidence of
having been designed for stereoscopic effect. In my own at-
tempts to draw simple figures in pairs as nearly alike as I could
make them without measurement, I have rarelv succeeded in
producing twin pictures which on combination did not present
more or less relief. An expert draftsman could doubtless repro-
duce a drawing so closely as to avoid any decided effect of this
kind

; but if careless even to the extent of a very slight change
of direction of some of the lines, his copy, however generally
true, would not fail, on combination with the original, to exhibit
decided stereoscopic relief It is needless to remind those who
are practiced in binocular combination, of the exquisite test
jhich it affords of the slightest deviation from identity in the
drawings combined.

I have now before me two copies made by a young friend
from one of the photographs which you sent me, in which she
endeavored to reproduce the original as exactly as she could,
"Without resorting to measurement. On combining them with
the eyes or with a stereoscope, they furnish a picture quite as
clearly and strongly stereoscopic as the twin Chimenti pictures.

I should add, that although ready with the pencil, mv- friend
mis but small experience in the use of it.

At seems to me that until some clear proof is furnished, inde-
pendent of the Chimenti pictures, that the stereoscope was
known at the time they were drawn, the stereoscopic availability
°t these pictures may most reasonably be attributed to accident,

fad can hardly weigh as evidence that the instrument had then
been discovered,
kuch are mv impressions from a brief examination of the
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photographs; but the opinion of Sir David Brewster, who has

studied the drawings critically, and who is so distinguished for

knowledge and experience in this department of enquiry, makes

me hesitate in adopting a conclusion to which he is opposed."

Another authority writes :
" To my eye they are as lacking

in all stereoscopic effect as would be two straight lines, or a

sheet of paper pasted on the wall. I venture no opinion as to

what they were intended to be, only as to what they are."

Another gentleman very familiar with the subject, says: "There

is not the remotest approach to stereoscopic effect. There are

Gferencea between the two, but not of the kii

usually exists between stereoscopic pictures. One is evidently

a copy (and carelessly done) of the other. The positions of the

figures differ. In one the head is raised higher than in the

other. The same figure is ¥
'

¥ of an inch taller than the other,

and the bench it sits on stands level, while in the other it is

tipped downward. There are many such differences, which

prove conclusively that they never were intended for stereoscopic

effect. In the stereoscope it is impossible to make these differ-

ences coincide." ,

In a paper "On a method of producing stereographs by

hand," 3
Professor Rood has shown that where we " adopt the

left hand picture as a standard of comparison, we find that the

right hand picture is an exact reproduction of it, with one im-

portant exception, viz : that in the right hand picture the posi-

tion of an object a little more distant from the sped

the immediate foreground, is shifted a small distance toward the

right hand; objects farther back have their position shifted still

more to the right hand.

This is illustrated by fig. 1, where A is in the immediate fore-

ground and D in the background.

The bulk of the variations in the

Chimenti pictures are not to the right

or left, but up and down. If these

differences were designed by the artist

~
D

1
scopic effect, they fall short of the in-

tent. Thev produce a slight blur on the" pictures when we at-

tempt to combine them ; so that a majority of persons find tne

best effect with the Chimenti pictures when two prints from tne

same negative are presented to their observation : while exper

denounce the whole thing as an attempt to practice upon tlieir

In some of the paintings by Teniers of a chemist in his labo-

- metroscope.

We trust that no future Dr. Brown will announce that the spec-

* Tbis Journal, [2], vol. xxxvi, 71, Jan., 1861.
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troseope was so well known at the time of Tenters as to be in-
cluded in the inventory of apparatus of a chemist's laboratory.

Is not the evidence that the theory o£ binocular vision and of
the stereoscope were known at the time of Chimenti, quite as
•reftk as would be afforded by Teniers' pictures, to disprove the
modern invention and use of* the spectroscope?
The Chimenti pictures must therefore be ruled out of court

and judgment entered for Mr, Wheatstone, unless new evidence
can be found worthy of the consideration of scientific men,
New York, June X, 1864,

During nearly the whole of last year and the first three
months of this, the state of the air was rarely sufficiently good
to permit a successful scrutiny of the solar surface with high
powers on a large telescopic aperture;—on such occasions, at

3 able to make much use of. But on three or four
days i n April I found that vision was remarkably steady and
distinct, and I improved the opportunities to the utmost.
As it was of considerable importance that the same minute

portions of the surface should be examined and compared to-

gether under various magnifying powers, and with different

shades of dark glass, I preferred, after a careful comparison
with the ordinary eye-pieces and an excellent transparent diag-
onal, to employ a solar eye-piece of my own construction. And
I would take this opportunity of correcting an idea which has
been advanced, that the diffraction of the rays at the edge of a

rture in that eye-piece interferes with the distinctness
°f the object viewed. Close to the edge of the field there is, of
course, as Mr. Huggins well expressed it at the last meeting of

ty, a narrow ring of diffracted light: but the breadth

ig does not, I think, exceed 2" on my telescope; and
the smallest aperture in the diapl meter of
15". Consequently, there is a central space of at least two-thirds

°f the diameter in which the definition is perfect, even in the

ice. Yet, for the purpose now
referred to, I rarely use a field of inute in

diameter; and any object not exceeding 45", when placed in

the centre of the field and kept there by the driving-clock, is re-

cognized with certainty under different powers, and seen with
the utmost possible distinctness.

1. One of the objects I had principally in view was, to ascer-

1

Monthly Notices of the Royal Astronomical Society, May 13, 1664.
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tain whether in any part of the photosphere any objects could

be found which could reasonably be compared to " willow-leaves"

(as called by Mr. Nasmyth) in their form.—It may be well to

state here that I have always found it difficult to devise any ap-

propriate appellation for the small bright irregularities of the

surface, which would avoid an assumption of their character, or

ascribe to them a regularity of form they do not possess. In

my first paper I expressed my strong objection to any name_oi

this kind, as calculated to convey an erroneous impression

willow-leaves seemed utterly inapplicable to anything I

had ever succeeded in discovering. A far less objei

term, as it appears to me, is that of rice-grains applied by Mr.

Stone to those objects with which all careful Sun-observers must

be acquainted, as there is no difficulty in seeing them in a mod-

erately favorable state of the air, and which have beer

to myself for many years ;—so much so, indeed, that when they

were not discernible I invariably abstained from any further

if the solar surface as "being useless. Yet even this

appellation conveys the idea of uniformity of shape and size

iese objects do not possess, and is, I think, on that

ground, objectionable. But I have been led by it to apply the

term granulations, or granules, which assumes nothing either as

to exact for ;ter; and I venture to hope that

the term will be generally adopted.

To proceed then with the results of my recent observations.

Various portions of the surface were di gentlj examined

with powers from 131 to 407. The bright little g)

were easily seen in all parts not very near the edge of the disk.

Their forms and sizes were carefully noted, and found to be so

various as to defy every attempt to describe them by any one

appellation or comparison. But, as I have observed in a former

communication, the rarest of all forms was the long and narrow
_;

and in no instance did I succeed in finding one which could

with proprietv be compared to a willow-leaf. Occasionally, some

that were nearly in contact differed so greatly in size that one

was four or five times as large as the other ; and while, in a re-

markably bright mass, one somewhat resembled a blunt and iU-

shaped arrow-head, another, very much smaller and withiD 5

of it, was an irregular trapezium with rounded corners, lbe

more quiet and perfect the views I obtained of them, the more

convincing did the evidence appear that they were not individual

and separate bodies of a peculiar nature, but only different con-

ditions as to brightness or elevation of the larger masses form-

ing the mottled sun irighter portions of that

surface, and the faculce also, are different conditions of the gen-

eral photosphere. In these researches I met with not

had the slightest resemblance to the interlacing which Mr. >-'"
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mvthl

Society ; of which letter I was not aware when I penned my
former paper on this subject. Mr. hsequently
favored me with a copy, I was so struck with the clearness and
decision of his assertions that I began to think I must have
overlooked the peculiar appearances of the objects which he has
depicted in his diagram as being "the exactform of these remark-
able structural details,

1 '' which lie d. .- entire lu-

minous surface of the Sun;" and, therefore, to leave nothing un-
tried, I collected all the information I could as to the means em-
ployed by him and by other observers who had seen something
of the same kind, in the hope that some change in my apparatus
or mode of using it might at length render me successful. Now,
however, it appears that Mr. Nasmyth has withdrawn his former
statements as to the exact and uniform figure of the objects he
claimed to have discovered on the entire surface; and that, in

bat might have been regarded as a discovery resolves it-

self into an - well known many years before.

The darker or shaded lines between the granules I distinctly

observed in manv places to be pretty thickly covered with dark
dots, like st and these are what
have been called "/« o $" bv Sir John Herschel, and "punctula-
tions" by his father. Some of these were almost black, and
looked like excessively small spots just breaking out. But none
of them were seen to enlarge or materially alter their form,

though at times so sharply denned with powers 276 and 407
that it was obvious they were in general not quite round.

It appears to me quite incomprehensible that, under such

definition, a : peculiar form should have es-

caped detect looked for; and I was certainly

struck with the extreme rarity of a long and narrow shape

among the hundreds of .amined in those four

days' observations. If therefore there are any willow-leaf-

shaped objects to be seen, they must be quite distinct from these

granulations, and can form no regular or usual ingredients in

the composition of the solar surface.

On the penumbrce of the spots then visible I found several

long and narrow bright lines, extending like bits of white thread

completely across the whole breadth of the penumbra without

any break whatever; and, though there were several smaller

pieces, not one of them would have suggested to my mmd the

comparison with a willow-leaf. Perhaps the bright granules of

u surface may sometimes be compressed into a longer

form under the influence of the same forces which produce the

longer threads or ttrcaos on the penumbra :
but one of the most

striking features of that part, as well as of the general surface, is,
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according to my observations, the entire absence of uniformity

in the brighter portions with respect both to their size and shape.

2. A second object of my investigations was to determine

whether the granulations exfsted equally in the brightest and in

the less luminous portions of the surface, which together form

the genera] and comparatively coarse mottling of the photosphere.

On comparing together in the same field of view several ot

the more and less luminous masses which produce the coarse

mottling of the surface, I came to the conclusion that the gran-

ules are generally larger as well as brighter on the brigh'

than on the darker ; the difference in brightness of the individual

granules in each part being much the same as in the different

masses themselves. One fact struck me as very remarkable,

that, on each of these larger masses, the individual granules are

all very nearly of equal brilliance throughout the mass to which

they belong. They are not in general, if ever, mixed together,

some much brighter and others far less bright on the same mass.

illy I have noticed that some of the brighter n

decidedly brighter than others of the same class, and that sucu

have extended to a much greater length than usual. The gran-

ulations on them are also generally, I think, of unco:

and the shaded lines between them of a ligher tint. I strongly

suspect that these specimens, if near the Sun's edge, would be

3. A third principal object I had in view was, to scrutinize

especially the brighter parts immediately surrounding the penum-

brae of spots (which in a former paper I have referred to as m-

a heaping up of the photosphere by some eruptive force

proceeding from the centre of the spot), with the pun

certaining whether the granulations elsewhere easily visible

were to be found there; and also to examine the facuke of va-

rious forms, sizes, and degrees of brightness, to determine

whether any such granulations were visible upon them.

With reference to the reality of this brighter region surround-

ing all the considerable profound spots, and also some of the

smaller ones, I have lately been much gratified by the corrobo-

ration of the fact afforded by some solar photographs taken by

our President, and obligingly presented to me since the Pu°
hca'

tionof my former paper. While the general mottling oi tne

.'lit out in them, they show that this mottling

never extends to the margins of the spots ; which precisely

agrees with my observations. In this locality I have never been

able to detect any of the granulations so abundant am

seen elsewhere. My recent observations fully con fu

. have formerly arrived at, namely,

of whatev bad produced the effect of heap-

iag op 1 sphere ; and had confounded an
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the distinctions elsewhere seen of the large brighter and shaded
masses, and also of the granulations on both, and the pencil-
lines, occasionally stippled, by which the individual granules are
distinguished.

Precisely the same results attended my examinations of the
faculce. Nothing resembling granulations could be found on
any of them, whether they were the tortuous, thread-like objects
seen near the east and west borders, or the shorter lumps of ap-
parently similar composition near the poles. Yet the granula-
tions were discernible in several places nearer to the Sun's edge
than the faculre were situated ; so that it could not arise from
the obliquity of the view that they were not visible on the fac-

ulae themselves. I conclude, therefore, that the same disturb-

ance which produces the elevated ridges confuses the minute
features elsewhere seen ; and that, though there may be some
traces of granulation when the facula? are viewed almost per-

pendicularly, yet this is entirely lost when their sides only are
seen near the Sun's limb. In this position, however, there are
often distinct evidences of irregularity in the elevation of differ-

ent parts of the ridge; and these may, perhaps, when viewed
perpendicularly, produce variations of brightness, like the gran-
ules of extraordinary size mentioned above.

Hopefield Observatory, Haddeuham, Bucks, May 9, 1S64.

Art. XXIL—On Molecular Physics; by Prof. W. A. Norton.

[Continued from p. 78.]

In considering the changes of state through which the same

may pass, we have been led to recognize as an im-

portant physical principle upon which the mechanical prop-

erties manifested in each new condition in a great degree depend,

that the physical condition of the individual molecules is liable

to permanent variations from the effect of heat; and that these

is of the electric atmospheres

which surround the atoms of the molecules. If we take a more
the diverse permanent changes of

condition which the same substance may experience, while in

the same sr •c may discern the operation of
of a still m< : that the physical

.ore of a molecule, and therefore the curve

which represents its action upon - - is liable

rally. It Is well l,
: ,„-n that if a r„. ,•!,; ,\.-..\ Suv. of consider-

able intensity, be applied for a short interval of time to a body,

P'-ru
• ;,..!
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which is but a small fraction of its breaking load, and that " there

is no weight however small that will not injure the elasticity" of

such a bar. As we cannot suppose that a given mass of mole-

cules, while retaining forces of mutual action of unvarying in-

iii take up an infinite number of positions of equilib-

rium, differing but slightly from each other, we must conclude
that the individual molecules experience some change of condi-

tion, which occasions a change in the intensities of the forces

they exert in a given direction.

From our present theoretical point of view, such possible

changes of condition consist in compressions, or expansions,

of the molecular atmospheres ; either as a whole, or unequally
on different sides. In the former case there will be a varia-

tion in the size of the atmosphere, and in the intensities of

the forces of attraction and repulsion exerted by the molecule
at a given distance, but the forces exerted in different directions

will have an equal intensity. In the latter case there will be a

variation in the form of the atmosphere, and an inequality

of action in different directions. The form assumed will be

spheroidal, or approximately so, supposing it to have been
originally spherical; and the mecl be the exer-

tion of an increased force of attraction from the sides of the

molecule at which its atmosphere is compressed, and a dimin-
ished force from the sides at which the atmosphere is ex-

panded. This follows, as a necessary consequence, from the fun-

damental conception of molecular forces, developed on pages

68 to 71 ; as may be distinctly seen by attending to the values

of - and r. It will thus be seen that the molecular atmospheres,

ine the spheroidal form, under special i

determine the existence of molecular axes of cohesive .

" whose force is inversely related to their length." In the di-

rection of such axes, then, the limit of stable equilibrium (Oa,

fig. 1, p. 71) will be least for the shorter axis, and greater for

the longer axis.

When a force of pressure applied to a body determines a per"

manent compression, the molecoiai m compress-
ed, or in closer proximity to tbei r the force of

i, and the limit of sta-

ble equilibrium diminished. The heat developed is a necessary
result of the compression of the atmospheres. If the elastic reac-

tion to the pressure after it is withdrawn, were perfect, the at-

mospheres would resume their original form and dimensions, the

ongmal molecular forces would be recovered, and the heat

evolved would be absorbed again. In general when
cal forces are applied to a body, the heat evolved, or absorbed,
is a necessary accompaniment of I . xpansions,
superinduced in the aim..,- i. _;._., ..:' ;U.. w

~
i: Ci ., imd maybe
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regarded as a sensible indication of the extent of such changes
of molecular condition. The mechanical work, of which the
heat evolved serves as the measure, is expended in urging the
atmospheres nearer to their central atoms.
On the other hand, if heat be directly applied to a body it

has a tendency opposite to that of a mechanical pressure, or' toexpand the molecular atmospheres, and so to reduce the inten-
sity of the cohesive attraction, at a given distance. It is to be
observed, also, that heat has a tendency to dissolve the groups

the particles of a solid may be aggregated ; and when
the point of fusion is reached, will effectually break up such
groups, and bring the mass to the condition of a homogeneous
and symmetrical arrangement of molecules.

Solidificu ,._It is a well recognized princi-
ple that solidification and crystallization are the same process,
-mis great principle was first propounded by the learned and
acute Dr. Young in 1807, in his lectures on Natural Philosophy.
-It has also been advocated by Biot and other physicists ; and
more recently has been reasserted and ably sustained by Profes-
sor Dana, in his admirable paper on Cohesive Attraction, pub-
lished in vol. iv, second series, of this Journal. Jf now it be
admitted that solidification is in every instance but a more or
less perfect crystallization, it will be perceived that the investi-
gation of the mechanical process of crystallization must consist
essentially in an inquiry into the conditions and results of the
operation of the molecular forces under special circumstances.
J- he general nature of these forces, and the laws of the variation
oi effective molecular action with the distance between two
molecules, have already been under discussion. We have also
seen (pp. 207, 208) that the mechanical condition of an individual
molecule is subject to change under the operation of heat, and
external forces generally, by reason of a change produced eitherm the dimensions, or form, of the atmosphere of the molecule,
and that it may thus acquire permanent axes of attractive force.

ih. a sufficient basis for a general explanation of crys-
tallization we have only to remark further that the molecule of
every particular substance has primarily, and inherently, its own
special physical condition, by virtue of which it exercises an
effective action that would be represented by a special curve, and
experiences under the operation of heat, and other causes, its
°wn peculiar changes of mechanical condition. Upon this idea
"may be seen that everv '

The different systems of crystallization mav be regarded
lnJ different systems of equilibriu es of molecules,

i operation of molecular forces diversely modified bj
Sci.-Secoxd Series, Vo XX X VI No. 113 -sept., 18M.
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the circumstances that determine the crystallization. The gene-

ral nature of the modifications consists in a spheroidal form im-

parted to the molecular atmospheres, and the consequent devel-

opment of certain axes of attraction; that is, of diameters of

least or greatest length, in the direction of which the attraction

has, at a given distance, a maximum or minimum value, and the

limit of stable equilibrium (Oa, fig. 1) a minimum or maximum
value,

Crystallization begins at a certain point of a liquid and is

generally determined by the loss of heat, or the evaporation of

the liquid solvent. We already have seen reason to believe that

the molecules of the liquid have a symmetrical arrangement

previous to the crystallization (p. 75). Whether this be ad-

mitted or not, such an arrangement obtains in the crystal formed

from the liquid. The particles successively take positions in the

corners or angular points of a series of polyhedral figures; as

cubes, prisms, octahedrons, &c. Any two such figures, lying

contiguous to each other, have a common face, or, as in the case

of the octahedron, a common angular point. The i-i

tion takes place, either successively or simultaneously, in the

faces of these figures. We have then first to consider the pro-

cess of crystallization, as it may occur in a single plane.

The result of every such process is the arrangement of the

molecules in the angular points of a series of quad
which may be squares, rectangles, rhombuses, or rhomboids. If

we suppose, in the first instance, several molecules to unite along

a single line, and molecules posited on either side of this line to

unite with those already crystallized, three different general

modes of arrangement may occur ; the new particles may take

up positions opposite those of the first line, or opposite the mid-

dle points of the intervals between these particles, or opposite

other than the middle points of these intervals. In the first

case, squares or rectangles will be formed ; in the second, rhom-

buses, which may in special cases be squares ; and in the third,

rhomboids. ases may be rectangles. The gen-

eral tendency of the cj
\ ing along the first line

should be, by reason of the compression of the molecular at-

» along this line, and the consequent expansion ot

them in a direction perpendicular to it, to develop an axis ot

increased attraction in this primary line of crystallization, and

an axis of diminished attraction in the perpendicular direction.

When this result is reached, and successively along the lines ot

particles parallel to the first, the ill be either

a square, a rectangle, or a rhombus. The two mole
will i." c .m :ident with the si I.- of the
ures that make up the larger re

of each minute rhombus. The to the forma-
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tion of a square is that the properties of the molecules in refer-
ence to cooling, (or, in general, in reference to the propagation
and absorption of impulses) should be such that each set of four

is molecules are, when in of crystal-
lization, in the same physical condition. That a rectangle may
be formed, a group of four particles must unite, but the escape
of the heat-pulses that occurs primarily in the direction of one
of the sides of the rectangle must- determine a greater com-
pression of the molecular atmospheres in this direction than in
that of the other side. That the figure of a rhombus may be as-
sumed, two particles must first unite, and subsequently two
other particles must take up, under the attractive action of these,
positions opposite the middle of the interval between them. To
understand how a rhomboid may result we must observe that
when a line of particles is crystallizing, each particle, to, as it

becomes united, exerts a certain disturbing action upon a parti-

cle to' next in the line, and also upon a contiguous particle, n,

at one side of the line. When the particle m' unites it also

modifies the condition of n, but as its action is subsequent to
that of m, it is possible that in special cases the final result may
be an inequality of disturbance, so that in and to' will attract n
unequally, and the position of equilibrium assumed by it will
in consequence not be opposite the middle of the interval be-
tween to and to'. In this case the electric atmosphere of n will

nave a form differently modified, and its second axis will be ob-
lique to the line of primary crystallization in which the axis
first developed lies.

The figure first assumed must then depend upon the funda-
mental properties, with respect to heat, &c., of the individual

molecules of the substance.; and the general tendency must be,

tor the first group of molecules, to acquire increased dimensions
DJ successi. : a series of figures similar to the

In what precedes we have had regard only to the play of the

ordinary molecular forces, and the modifications which the ordi-

nary molecular action may experience from the loss of heat, and
in the act of solidification ; but there must result, in each instance

°f the union of two
p

:i of the condition of

their atmospheres, which should develop a new force of attrac-

ts, that may play an important part in the continuation of the

process of crystallization. For, when two particles unite by
crystallization, their atmospheres, on their nearer sides, will be-

come compressed and consequently on their farther sides ex-

panded. Each molecule will thus virtually be brought into an

electro-polar condition, with the positive pole turned

tiye pole, or excess of electric ether, tends to bring all

the molecules lying in the prolongation of the line of the first
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two into the same electro-polar condition, and, in this state of

induced polarization, a force of electric attraction will subsist be-

tween the particles. As one particle after another in the line

comes to unite with those previously crystallized, its previous

polarization will be enhanced, and it will exert an increased

attractive force upon those not yet crystallized. At the same
time, by the compressive and repulsive action of the contigu-

ous atmospheres, the particle with which the new one unites

will lose a considerable portion of its polarity. This reflex

action, attendant upon every act of union, should eventually

greatly diminish, if not wholly remove, the prior induced polar-

Another effect of this reflex action, to be noticed, is the in-

creased expansion of the atmosphere of the molecule which

experiences the reactive compression, in the direction perpen-

dicular to the line of crystallization. This molecule thus ac-

quires an increased positive polarization on the outer side, lying

in this perpendicular d
I >re exerts an increased

force of electric attraction in this direction. In the varying

operation of this induced electric
\
olarizatiou, and of the reflex

action just noticed, we may discern the probable origin of those

supposed variations of axial attraction, which Professor Dana
has shown will suffice for the explanation of secondary planes

in crystallization.

To illustrate by a special case, let 2.

fig. 2 represent a process of crystalliza- -* ^ cr C' -g
tion in which the particles are an
in successive squares. When c.

are the outer particles, their omtei
will be positively polarized, and will S' < '„ <—

"

consequently exert an electric

tion. in addition to the increasi,

cooling, upon the molecules c', c', c',

immediately exterior to them. The
next step in the process should be the
union of the molecules thus attracted ; and all of these molecules

should have the same tendency to unite, unless there should be

a material inequality in the physical condition of the outer par-

ticles c, c, c, c, on different sides of the square c, c, c, c. But the

four corner particles, c", c', c", c", cannot thus be directly brought

into union with the particles of the crystal. They must either

unite with the nearest particles of those newly attached, or re-

main disunited, to become incorporated at a later stage of the

process. In the normal or complete growth of the ei

first would be the result. If, on the other hand, the forces of

the new lines of outer particles c\ c\ c\ r\ should fall off mate-
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rially in intensity, so that the corner particles, c", are not takenup in the same step of the process as the others, secondary lineswould arise at the angles of the square c', c", c', ?'. In the whole

lotnef'Vt °/ Wh
i
Ch fl

f-
2 VseWa'section"ltllt

planes would be formed at the edges. Every such line or planemay have different positions, according as the corner partX in
question fc") become incorporated in the next stagfo thegrowth of the crystal, or m some of the subsequent stages
1 his Professor Dana has distinctly shown. What we have here
to observe is simply that by reason of the reflex action above
noticed

(p 212), when new particles become united to C, c', thele
particles, c

,
c', will in fact exert a more energetic attraction lat-

erally upon c", c"; and hence the union of c", c" with the crvstalmay then be determined. If not, the next augmentation of the
attractive force attendant upon the union of the next set of
molecules may determine this result.

,

-In order that a complete polyhedral crystal may be formed it
is necessary that molecules, on one or both sides of a plane in
which crystallization occurs, should become united with those
that take up their positions at the angles of the plane figure.
Anus two sets of four molecules in parallel planes may take up
positions of equilibrium at the eight angular points of a cube,
or six may form an octahedron, &c. The conditions that will
determine the figure of equilibrium assumed, may be inferred

9i°n
th£Seneral considerations already presented (pp. 210 and

^J-J-). The compression of the molecular atmospheres in the
urst plane of crystallization, will tend to develop a third axis

ion perpendicular to this plane. Various systems of
crystallization are possible, since the particles on one side of the
urst plane may take up positions of equilibrium perpendicularly
opposite to those that crystallize in this plane, or opposite the
intervals between parallel pairs of these particles, or opposite
the centre, of the quadrilateral figure, which they form.'

Professor Dana has shown that the various fundamental forms
°* crystals may be obtained by regarding the crystal as a mass
ot bi-polar molecules, of a spherical, or spheroidal form, in con-
tact along certain lines, which are the conjugate axes, or conju-
gate diameters of the spheroids. This conception of the consti-
tution of a crystal is, in a geometrical point of view, equivalent
to that which has now been given. For we have only to con-
ceive spheroids to be inscribed in the polyhedral figures of the
compound crystal molecules just supposed, to obtain the repre-
sentative spheroidal molecules of Prof. Dana; which will also
touch each other alon

g
meters of the differ-

c.nt spheroids. It is not difficult to make out the various posi-
tions of equilibrium of the particles that must obtain in the

1 This is only a partial view of the matter.
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different fundamental forms, and the various physical conditions

of the particles upon which these forms must depend. 3

In his paper on Cohesive Attraction, Professor Dana has ap-

parently put the explanation of the cleavage of crystals on the

true basis, by attributing it to alternations in the intensity of the

in a series of parallel planes. If such alternations

really exist, we naturally seek for the explanation of them in

alternations of the mechanical condition of fehe molecules upon

which the energy of the molecular forces depend. It is conceiv-

able that such differences may result from the heat evolved in

the process of crystallization. Let fig. 3, a, b, c, d
t
e, &c, be a

line of particles crystallizing 3

in regular succession. When . a ,

a unites with 6, the heat _ a * m J # * c. -

out will expand the atmos- * ~

phere of c, and it is possible that after this effect has been produced,

the expanded atmosphere will not become condensed under the

operation of the crystallizing forces, as much as it otherwise v. oaW
have been ; and hence that the molecular attractive force of c

will be less than would have otherwise resulted. If the attrac-

tion between b and c should thus be materially lessened, there

would be in consequence less heat evolved in the union of the

two, and so the attractive force of d would be less ,

than that of c has been. Accordingly, in the union of c and d

an excess of heat would again be given out. In this way,

series of alternations in the intensity of the cohesive attraction

might be brought about along the line of crystallized molecules.

It will be observed that the same fundamental idea pervades

all the explanations that have now been given oi

of molecular aggregation, whether these are attended with a

change of state, or only with a change of density and form.

This is the idea that the physical and mechanical condition

of a molecule may change with varying circumstances, and that

it may undergo a permanent change, although the tempera-

ture should remain the same. The change of condition con-

sists simply in the expansion or contraction of the electric at-

mosphere of the molecule (p. 208). We have recognized, also,

that while the processes of transformation are going on, the nor-

mal distribution of the electric ether, that forms the atmosphere

of a molecule, may become disturbed, and that thus a transient

1 The hypothesis of a permanent polarity of atoms, or molecules, has ^observed

- : •' •"'
'

• - -•'-. ..-...-.,i ^i : ";

'

Un &
itJ conception of the a
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electric polarity of the molecule may be induced, which may
play an important part in the process.

Upon the theory of crystallization here offered, the phenom-
enon of dimorphism, and all changes of form, in the same crystal,
produced by heat and external causes generally, are but simple
results of the modifications superinduced by these causes, in the

• form, or distance from the central atoms, of the molecular at-
mospheres

; that is, in the physical features of the molecules,
upon which the system of crystallization in every instance de-
pends.

Heat

t

The general nature of heat, and the general cause of its evolu-
tion, have already been considered (p. 64). According to the
fundamental ideas presented, heat must be developed whenever
the electric atmospheres of the molecules of any substance are
urged into closer proximity to the atoms which they surround.
Any disturbance of the equilibrium of the particles of a given
mass, or any <:hange in the relations of the particles of any body
to those of other bodies, which may have the effect to produce
this compression of the molecular atmospheres, should then be
a source of heat. Thus chemical combination of two particles,

in which they are drawn into close union, collision of bodies,

external pressure, and friction, are different sources of heat.
The disturbance of the electric equilibrium of contiguous mole-
cules may also give rise to the evolution of heat ; by reason of
the increased repulsion exerted by the excess of electric ether

accumulated upon certain of the molecules, or upon one side of
them, or of a discharge of the ether occurring from one mole-
cule to another.

Propagation of heat.—Primarily, the heat-pulses are developed
»» the universal ether associated with the atoms of bodies.

These pulses may be conveyed outward through the universal

ether, posited between the atoms, and in this way be freely trans-

mitted through substances; or they may be more or less taken up,
or absorbed, by the electric atmospheres of the molecules which
they encounter. Such absorbed pulses may be given out again,

i. or they may pass on to con-

tiguous molecules through the electric ether that pervades the in-

terval between them. It is probably in this latter mode, chiefly,

that heat is conducted from particle to particle of a substance,

though the pulses that are given out by any particle to the sur-

rounding universal ether may be in part propagated onward,

absorbed by the particles they encounter, and partially propa-

gated onward again in the same manner to the next particles.

The flow of heat from one particle to another of a substance

tends to disturb the electric condition of the particles ;
for the
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repulsive action of the heat-pulses in the atmosphere of one

particle tends to urge away a portion of the electric ether from

the contiguous side of the next particle in the line of propaga-

tion, and so to induce a negative electric state upon that side,

and a positive state on the farther side. This disturbance of the

electric equilibrium of contiguous molecules may give rise to a

discharge of the electric ether from the one to the other, and a

consequent more ready propagation of the heat pulses from the

one to the other. Upon this idea there is a close analogy be-

tween the conduction of heat and the conduction of electricity

in the galvanic current ; both depending upon the facility with

which an electric polarization of contiguous particles is deter-

mined. The origin of this propagated polarization, in the one

case, is the addition of repulsive pulses to the atmosphere of a

molecule, and, in the other, the accumulation of an excess of the

repulsive electric ether around a molecule, or upon one side of

it. A confirmation of these views is afforded by certain phe-

nomena of thermo-electric currents, from which it appears that

the conduction of heat is in reality attended with the disturb-

ance of the electric equilibrium
;

3 and they are also sustained

by the fact of the close agreement that subsists between the con-

ducting powers of the metals for heat and electricity. K»
analogy between the conduction of heat and the conduction of

a galvanic current may be more fully stated, thus : A stream of

heat consists of two sets of pulses, viz : those conveyed by the

electric ether, and those conveyed by the universal ether ;
and

the propagation is attended with, and partly by means of, an in-

duced molecular polarization. The pulses propagated by the

electric ether tend to develop this polarization, which deter-

mines a discharge of ether from one atmosphere to the next.

But the other set of pulses, in proportion as they are taken up

by the nearer side of the next atmosphere, tend to weaken the

induced polarization, and so to check the now of the heat. A
galvanic current comprises two similar sets of pulses, is attended

and promoted still more effectually by a similar molecular polar-

ization, and the absorption of the ethereal pulses, and their sub-

sequent emission as heat tends to check the flow of the current.

The feeble conducting power of many substances is probably

due to an aggregation of their particles in groups, with large in-

tervening spaces. The bad conductibility of gases and liquids,

both for heat and galvanic electricity, agreeably to the views

just offered, must be ascribed to a feeble polarizing action of one

particle upon another. This appears to be a consequence of

the peculiar state of the molecular atmospheres which deter-

mines the fluid condition (p. 75), combined with the effective

mutual repulsion of the particles in this condition. In the case

3 See De la Rive's Treatise on Electricity, vol. ii, p. 536, Ac.
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of liquids, like water, whose ultimate molecules are compound
a portion of the heat propagated should be consumed in expand-
ing the compound molecules.

y

Capacity of Bodies for Heat.-The fundamental law discovered
by Dulong and Petit, that the specific heats of elementary sub-
stances are inversely proportional to their chemical equivalents
or atomic weights —or, in other words, that the atoms of such
substances have the same capacity for heat,-if interpreted in
the language of the present theory, amounts to this, viz- what-
ever may be the difference of condition of the molec a
pheres of elementary substances, if the same amount of heat be
imparted to these atmospheres, the same amount will be given
off again and interchanged with surrounding bodies having the
same temperature. This would seem to implv that the portion
of the heat absorbed, which is consumed in expanding the at-
mosphere, is the same for different simple molecules, and that
the remaining

j
onion, which is taken up as new pulses by the

atmosphere, is also the same for molecules of different elementary-
substances There is nothing in the conception we have formed
oi a molecule, and of the probable difference of physical condi-
tion in molecules of different substances, that is apparently od-
posed to this result. ';

The capacity for heat of compound is in general greater than
that of simple molecules, and is greater in proportion as the mole-
cule is more complex. This indicates that when the tempera-
ture is raised 1°, a certain portion of the heat is expended in
urging asunder the constituents of the molecules, and that this
portion is greater in proportion as the molecule is more complex.

Heat-rays of different rates of vibration.—The calorific spectrum
shows that the heat emitted from a hot body is composed of rays
or an infinite variety of rates of vibration, between certain limits,
ihe physical cause of this fact will appear if we reflect that the
neat- rays have their origin in the vibrations of the atomettes of
the molecular atmospheres, and that these are situated at every
variety of distance from the central atoms, between certain
limits. For the circumstances of equilibrium of these atomettes
are different, and their rates of vibration when displaced should
be different. The fact that the most intense heat-rays, in ordi-

nary cases of combustion, are those of low refrangibility, and
the phenomena of the evolution of calorific and luminous rays
when a body is heated to incandescence, indicate that the electric
atomettes v, central atoms have the lowest
rate of vibration.
We have seen that the expansive action of heat is a necessary

consequence of the fundamental principle that the heat-pulses
constitute a repulsive force, and that they are absorbed, more or
**- Jock. Scr.—Second Sekik- -Sept., 1864.
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less, by the molecular atmospheres which they encounter. It

may be urged as an objection to the notion that radiant heat is

a repulsive force, that bodies when heated do not exert any
sensible repulsive action upon other contiguous bodies. We are

not prepared to admit that experiment has furnished no evidence

of such repulsive action, under any circumstances, but the entire

absence of such action upon bodies of sensible magnitude would
in fact be no decisive proof that waves of radiant heat do not

convey a series of preponderating repulsive impulses; for if

these impulses penetrate to the atoms of the molecules, they

should be ultimately taken up by their atmospheres, and ex-

pended as an expansive force upon these atmospheres, and in urg-

ing the molecules asunder; and if they do not reach the atoms,

no motion should be imparted to them. Since it is improbable
that the more intense impulses of heat will be wholly absorbed
by the particles immediately at the surface of the body upon
which they fall, a direct repulsive action of the heat may take

effect to a certain depth below the surface. Have we not in the

spheroidal state of liquids evidence of such action exerted by
the radiant heat from the hot vessel upon the liquid resting upon
its interior surface?

It is only when the heat-waves impinge upon isolated parti-

cles, or a small group of particles, that a progressive motion
should be imparted. This supposition is apparently realized in

the case of cometary matter repelled by the sun.*

Light.

The question of the precise relation which the two physical
agents, light and heat, bear to each other, has not been defini-

tively settled ; but the weight of evidence preponderates very
decidedly in favor of the doctrine of their essential identity.

The only "formidable outstanding objection" to this view con-

sists in the fact that a strong light may be obtained which has

uiy, heating power. 6
According to Melloni, the green-

ish light, obtained by transmission of white light through a

peculiar species of green glass colored by oxyd of copper, *' ex-

hibits no calorific action capable of being rendered perceptible
by the most delicate thermoscooes, even when it is so concentra-
ted by lenses as to rival the direct rays of the sun in brilliancy."
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May it not be that the explanation of the possible
of light without heat, thus made out, is to be found i

is beam, of a certain number of radiations
which have individually too feeble an intensity to exercise any

action upon bodies, but are still capable of producing a
sensible impression upon the organ , ,f visi. »u ? 1

}
.on the theory

oi the constitution of molecules adopted in the present paper
suppose that vision results from some action of the lu-

minous pulses upon the molecular atmospheres merely, while
;

1 produced unless the individual pulses have
to penetrate to the surface of the central

atoms of the molecules. According to this idea, as rays that
te to different depths in the molecular atmospheres of a
should be unequally absorbed, the rays of feeble in-

of pare light, may be separated from those which by
are capable of penetrating to the

atoms of th rising a calorific action upon them.
ft is generally admitted that vision is produced by the trans-

v ree vibrations of the rays of light. The fact that when two
tanes, meet in opposite

""'" s " f \ rion, they do not neutralize each other, has been
generally regarded as an indication that the calorific action of a
raymust also result from transverse vibrations; but this does
not appear to be a legitimate conclusion if we adopt Professor

theory, that the luminiferous ether is a highly elastic

i Qg the same properties as elastic fluids in general, and
that the ethereal undulations consist of simultaneous longitudinal
and transverse vibrations, attended with variations in the density
ol the medium, as in the case of waves of sound. For if trans-
verse vibrations, in perpendicular planes, meet in opposite states,
they cannot neutralize each other, and must develop direct vibra-
tlu^. which will take the place of those which counteract each
olher, and will exert a calorific action. In fact, Prof. Challis
conceives that "heat is the result of the mechanical action of
the direct vibrations;" while "light is due to the transverse
vibrations."

The intimate association of heat and light leads to the in-

ference that they emanate from the same source, viz: the mo-
and if, as has been intimated, the

nations are essentially the same, we infer that rays of
]lght, as well as of heat, originate in vibratory movements of

V ' at .m , tti s of these atmospheres. The atomettes lying at

i from the central atom of a molecule will

es of vil ration, increasing with the distance,

proceeding from them will have every variety

nt limit, answering to the bottom,

answering to the top of a molecular atmos-
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phcre. Accordingly the red rays will proceed from the lower

portions of the atmosphere, and the violet from more elevated

portions.

If the electric atmospheres diminish in density by insensible

degrees from bottom to top, there should be no break in the con-

tinuity of the rays between the two extremes. But we know,

from the existence of bright bands in the spectra obtained from

colored flames, and from the highly heated vapors of metals and

other substances, that the rates of vibration of the luminous

rays given off by incandescent vapors, seldom, if ever, vary by

insensible degrees from one extreme to the other. We must

conclude therefore that the electric atmospheres of highly heated

molecules are made up of distinct layers of unequal density.

Phenomena, attending the propagation of light. The absorp-

tion of light by a medium may be regarded as the taking up of

the ethereal pulses by the electric atmospheres of the medium.

In order that a ray may be completely absorbed it must encoun-

ter a layer of the electric atmosphere of a molecule, which puls-

ates naturally in unison with the wave-pulsation of the ray.

The absorbing action of a molecule should therefore depend

upon the physical condition of its atmosphere as to rates of

pulsation, density, &c, and also upon the comparative extent of

its electric and ethereal atmospheres. For example, a medium
would permit the free passage of any ray that did not penetrate

to the surface of the electric atmospheres of its molecules. On
the other hand, a medium would intercept rays that should

penetrate to atmospheric layers that are in unison with the rays.

Accordingly, if an incandescent vapor should emit rays of cer-

tain colors, as shown by bright bands in its spectrum, those col-

ors, if transmitted through the vapors, should be absorbed, and

the spectrum given by transmitted light should show dark lines

answering to the bright lines of the other spectrum—which is

the well known discovery of Kirchhoff and Bunsen.
According to the thi m presented on p. 209,

&c., in all th ilization in which the axes of mo-

lecular attraction are unequal, the electric atmospheres of the

molecules are compressed unequally in the lines of direction of

these axes. Now if these atmospheres are compressed unequally,

the same will be true of the ethereal atmospheres which pervade

them. Thus in all forms of crystals which have unequal axes,

the ethereal atmospheres of its separate particles will have un-

equal densiti* - in t .. d ..-. tion* 'of th. hk.Iuu't axes. ItJ3

well known that all such crystals have the property of double

;ied to a supposed m-

of density, or of elasticity, of the ether in the direction

of certain molecular axes. A mechanical pressure exerted along
a certain line, or plane, also develops the property of double-
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refraction, in ordinary refracting media; and such compression
should give rise to an increased density of the ethereal atmo-
spheres along the line of pressure. Accordingly our general
theory of the constitution of molecules, and of molecular forces,
conducts to the physical basis assumed in the undulatory theory
of light, in explanation of double-refraction.
The phenomenon of "atomic w bv liquids,

discovered by Biot, who established that the effect depended
solely upon the number of atoms encountered by the light, what-
ever may be the density of the medium, and the phenomenon
of " magnetic circular polarization," in which the direction of
rotation of the plane of polarization corresponds with that of
the revolution of the circular magnetic currents, are decided in-
dications that optical phenomena result mainly from the action
of the atinospheres of molecules upon the rays of light. Numer-
ous facts, which go to show that the absorptive action of media
upon light and heat depends in a great degree upon the physical
constitution of the separate molecules, confirm this conclusion.
The general phenomena, and laws, of reflexion, refraction,

polarization, diffraction, &c, should obtain upon this supposition
no less than upon the conception that the phenomena are to be
referred to the interstitial ether. It remains to be seen whether
the theorems and formula? deduced by Fresnel, and other phys-

iatory theory of "light, can be shown to be
ly in accordance with this notion of molecular actions.

Note,—Objections to the theoretical views offered on the pre-
ceding pages, will readily occur to the scientific reader, but it

does not comport with the design of the present communication

ate objections, or to attempt to enforce the general con-
clusions deduced from the fundamental positions taken, by ap-
peals to special facts. We must be content, for the present, to
ie&t our conclusions mainly upon general considerations. A
connected view of the whole ground to be surveyed is almost a
necessary preliminary to the many detailed investigations that
must be undertaken before the theory can be established on a
firm foundation.

It will be perceived that the most characteristic feature of the

general theory under discussion is that it locates the source of

i spheres of molecules, instead of
in the atoms ? our de "

unctions into other departments of Physics, other general con-

ceptions have been reached, some of which it may be advisable
to state here

; as circumstances may delay somewhat the publi-

cation of the remainder of the article.

1. An e
]
. -electric, or thermo-electric) has

its origin in the opposite polarization of the adjacent sides of

contiguous molecules, developed by the play of the molecular
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forces, under special circumstances, or by an inequality in the

action of the pulses of heat upon the atmospheres of the mole-
cules. The current consists of an actual flow of electric ether
from molecule to molecule, determined by a previous electric

'ii propagated from that which is the source of the
current. There are also conveyed in the direction of the posi-

tive current, streams of impulses, both by the electric, and uni-

versal ether, which, by a partial lateral dispersion, produce the

magnetic effects of the current.

2. The mutual attractions, or repulsions, exerted between two
electric currents may be ascribed to a change in the tension of
the ether between the wires, produced by the lateral actions of

the currents.

3. Induction currents result from an electric polarization of the

molecules, suddenly induced by the same lateral action of a
'
rst established, or by the increased ac-

previous electric, or magnetic current ; or suddenly
when the circuit is broken, or the force of action de-

tses. jl ne polarization, in the first instance, is the opposite to

; which prevails in the primary current ; owing to the indi-

rect nature of the inducing action.

4. The circular currents of a magnet, consist of electric currents
that follow continuous chains of particles lying in the surface of

the compound molecules of the magnet. These currents have
J.ii in an electric polarization of the particles, developed

by a direct action of the impulses propagated from the
current. Inpermaneu :ation thus originated
becomes permanently established, and a permanent current re-

mains, as a necessary consequence of the play of the molea ?

in. A magnet, therefore, derives its power directly from
18 ustible primary forces of attraction and repulsion, and

its virtue unimpaired until the chain of in-
broken by heat, or the excited molecular conditions upon which
the currents depend are removed by some external cause.

5. Terrestrial magnetism is due to electric currents in the mass
of the earth, running in the general direction from east to west,

and developed by the collision of the molecules with the ether
of space. Both the rotatory and orbital motion of the earth are

concerned in producing these currents. A part of the force of

such currents must be converted into heat, and the earth derive
a portion of its heat from this source. If this be true the re-

markable formal relations that subsist between the magnetism
. are probably the result, in a great degree,

vsical bond by which i partially

by the author, of these relations

. »1. iv, sec-
ond series of this Journal).
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This theory of the origin of terrestrial magnetism, as a part
of the general theory of Molecular Physics, here presented, was
brought, by the author, to the notice of the Connecticut Acad-
emy, about two years since. It appears, from a pamphlet re-
cently received by the editors of this Journal, that a theory quite
similar to this was propounded several years since by Gustav
Hinrichs, of Copenhagen. The theory of Hinrichs, or one hav-
ing the same essential features, I find is advocated bv Prof.

D the Number of the Philosophical Magazine published
m February, 1861.

[To be continued.]

Art. XXUL—Notice of the Remains of a Mastodon recently discov-
ered in Michigan ; by Professor Alexander Winchell.

Some remains of a Mastodon have recently been exhumed in

i, which possess sufficient interest to deserve a scientific

notice. They were found on Sec. 7, in the township of Adrian,
Lenawee county, about seven miles northwest of the city of
Adrian. The bones thus far discovered consist of the cranium,
with the exception of the nasal bones ; five molars, four of which
lack their roots ; the terminal portions of the two tusks, each
about 18 inches long, and another fragment of a tusk a foot in
length; two caudal vertebras; two scapulas; two femora; two
tibioe

; one fibula ; two calcanea ; two humeri ; one radius ; sun-
dry carpal, tarsal, metacarpal and metatarsal bones ; three or four
digital bones ; three perfect ribs, and numerous fragments. The
whole series of vertebras (except two caudal) has disappeared,
as well as tl jaw, the nasal bones, about half
of the bulk of the anterior extremities, and many of the ribs.

The epiphyses of the long bones are nearly all detached, but
niost of them have been recovered. The state of ossification in-

dicated by the separation of the epiphyses, the unworn teeth,

and the inferior size of the bones, all tend to demonstrate that

We have here the remains of a Mastodon not more than two-
thirds grown.
These relics were found buried about two feet only beneath the

surface of a small peat bog which was being ditched. Beneath
the peat, which is not more than two and a half feet thick, we
We marly clay, passing, at the depth of four feet, into loose

sand. The skeleton was lying on the side. One fore-leg was
extended

; the other bent under the body. The hinder parts

were a little the deepest in the mire. It is stated that many
years ago this spot was known as a " deer lick."
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It is generally supposed that the occurrence of elephantine

remains in miry bogs indicates the mode of death of these pon-

derous quadrupeds. It may be doubted, however, whether their

occurrence exclusively in peat, or beneath it, is not attributable

to the antiseptic properties of that substance.

The bog in which the present remains were found, is perfectly

identical with thousands of others in our State, which are

known, from observation, to be in process of formation in the

sites of ancient lakelets, and at a rate which argues a compara-

tively short duration for the alluvial period of the State. In-

deed, the watery and shaking condition of this bog, with the

thinness of the peaty stratum, furnish data for the belief that it

was the bed of a lakelet within a comparatively short period. It

is much more credible that the Mastodon under consideration

was living within 500 or 1000 years, than that an interval of

time, greater than the age of the human race, has been occupied

in the accumulation of two or three feet of vegetable deposits,

under circumstances which suffer the same work to be accom-

plished, in neighboring localities, within the space of a human
life-time. It is more than probable that the American Indian,

according to his,own traditions, and according to the evidences

adduced by Dr. Koch, has listened to the thunder-waking tread

of these monsters of the forest and the field.

Other mastodon remains have been found at various points

within the lower peninsula of Mi bich are Pe-

tersburg, Monroe county; the city of Adrian, Lenawee county;

comb county
; Green O ty ;

Fenton-

ville, Oakland county ; and Terre Coupee, Berrien county. (See

Proc. Bos. Soc. Nat. Hist., v, 133, 146, 158.) The localities of

several other discoveries have been lost. The molar teeth of

Elephas Jacksoni are also of occasional occurrence, in the same

situations; as well as the antlers of the deer and American elk-

Some years ago, the caudal vertebra of a Cetacean was identified

by Dr. Sager from the western portion of the State.
The remains of the Mastodon noticed above will probably be

secured for the Museum of the University, when an occasion

may be furnished for a fuller account of the fossil mammals of

Michigan.

University of Michigan, June 16, 1864.
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Art XXIV.— Chladnite of the Bishopville Meteoric Stone proved
to be a Magnesian Pyroxene; by J. Lawrence Smith, Prof.
them. Med. Dep. University of Louisville.

In 1846, Prof. C. U. Sbepard published an account of an
exceedingly interesting meteoric stone that fell at Bishopville
South Carolina, in 1843, differing in its external character from
other meteoric stones ; the fractured mass being exceedingly
white, except where metallic iron and other associate minerals
occur. I would refer the reader to Prof. Shepard's description
of it in this Journal, Sept. 1846, p. 381.
The composition of the snow-white mineral (constituting about

90 pr. ct. of the entire mass) as given by Prof. Shepard is—

SiHca, .... -70-41 35-205
"V °*'

Magnesia, - . - 2825 11-300 1
Soda, .... 139 .338

From the results of this analysis he considered it a tersilicate of
magnesia, constituting a new species to which he gave the name

tion, a fragment of this mete-

, and separating a small por-

Several years after this e

toon of the mineral in question „ „„
this incomplete examination justified the statement
a memoir of mine on meteorites, presented to the Amer. Scien-
tific Association in April, 1854, and published in this Journal for
March, 1855, p. 162, "that from some investigations just made,
chladnite is likely to prove a pyroxene."

Since that announcement I have been placed in possession of
other fragments of the meteorite, and have been able to separate
the " chladnite" perfectly pure, and insufficient quantity to sub-
mit it to a thorough analysis.

,
To render the chladnite soluble in acid, it was fused with four

times its weight of carbonate of soda and potash, with a small frag-
ment of caustic potash placed on the top of the mixed powders in
the crucible. 1

After fusion, the analysis was proceeded with in
the ordinary way ; the results of two analyses were as follows

:

Soda, with feeble potash and strong Hthia

*. Jodr. Sci.—s;r.- II, No. 113.—Sept.,
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made for the soda.

The constitution of the mineral, as made out from the i

bers in analysis 1, is

—

Soda,

ling
' pyroxene, R3 Si 2

.

The excess of silica obtained by Prof. Shepard in his analysis

is doubtless due to an imperfect fusion of the mineral with the

carbonate of soda, an error easily made, if the precautions I have
already mentioned are not attended to.

"Chladnite" approaches those forms of pyroxene known as

white augite, diopside, white coccolite, &c. ; these last named
'nerals having a part of the magnesia replaced by 1'

identical in composition with Enstatite of Kenngott, pyrox-
enic mineral from Aloysthal in Moravia (this Journal, [2], xxi,

From these observations it will be seen that the Bishopville

meteoric stone, however different in external characteristics from
other similar bodies, is, after all, identical with the great family
of pyroxenic meteoric stones.

Art. XXV.—Aerial Tides; by Pliny Earle Chase, M.A.,

S.P.A.S. 1

The remarkable coincidence, which I have pointed out, be-

tween the theoretical effects of rotation and the results of baro-
metrical observations, has led me to extend my researches with a
view of defining more precisely some of the most important
effects of lunar action on the atmosphere. The popular belief in

the influence of the moon on the weather, which antedates all

historical records, has received at various times a certain degree
of philosophical sanction. Herschel and others have attempted
partially to formulate that influence by empirical laws ; but the

actual character of the lunar wave that is daily rolled over ^"
a; ;,•:<

Sabine showed that the moon produ^ „

) about -006 of

lunar wave mat is daily rolled over uux

have been investigated. Major-General
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equivalent 1

near the i

_
more than one foot for each mile's depth of atmosphere, or from
three to six feet near the summits of the principal mountain
chains. It is easy to believe that the rolling of such a wave
over the broken surface of the earth may exert a very import-

ance on the atmospheric and magnetic currents, the
deposition of moisture, and other meteorological phenomena.
As the height of the wave varies with the changing phases of
the moon, 1

its effects must likewise vary, in accordance with
mathematical laws, the proper study of which must evidently
form an important branch of meteorological s

inferred, from his observations

:

.
X. That, in a synodical revolution of the moon, the barometer

rises regularly from the second octant, when it is the lowest, to

the second quadrature, when it is the highest, and then descends
to the second octant.

2. That the varying declination of the moon modifies her influ-

ence, the barometer being higher in the northern lunistice than
m the southern.

.

3. That the action of the moon also varies with its distance

from the earth, the mean barometric height being less in perigee

than in apogee.
The observations indicate the following average meridional

fluctuations of the barometer

:

1- In a semi-synodical revolution, 1*67 mm., or -065 in.

2. Between the lunistices, "29 mm., or -Oil in.

3. Between perigee and apogee, M2 mm., or -044 in.

The more recent and more complete observations at St. Helena

give somewhat different results, which serve to confirm the nat-

ural d priori conviction that there must be two maxima and

minima in each month. The means of three years' hourly ob-

servations indicate the existence of waves, which produce in the

first quarter a barometric effect of +"004 in.; in the second

quarter of - -016 in • in the third quarter of + -018 in.; and
m the fourth quarter'of -'006 in.; results which appear to be

in their general features, with those which

would be naturally anticipated from the combination of the cu-
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mulative effect of the moon's attraction with the daily wave of

rotation, and the resistance of the asther.

One peculiarity of this lunar-aerial wave deserves notice for

the indirect confirmation that it lends to the rotation theory of

the daily aerobaric tides, and the evidence it furnishes of op-

lal effects, which require consideration in all investiga-

tions of this character. When the daily lunar tides are highest

their pressure is greatest, the lunar influence accumulating the air

directly under the meridian, so as to more than compensate for

the diminished weight consequent upon its "lift." But in the

general aerial fluctuations, as we have seen, and also in the

weekly tides, a high wave is shown by a low barometer, and
vice versd. The daily blending of heavy and light waves pro-

duces oscillations, which are indicated by the alternate rise and

fall of the barometer and thermometer at intervals of two or

three days.

Mr. Flaugergues's observations at perigee and apogee seem to

show that a portion of the movement of the air bv the moon is

a true lift, which, like the lift of rotation, must probably exert an

influence on the thermometer as well as on the barometer. On
comparing the daily averages at each of the quadratures and
syzygies, I found the difference of temperature too slight to war-
rant any satisfactory inference ; but a similar comparison of the

hourly averages, at hours when the sun is below the horizon,
gave such results as I anticipated, as will be seen by a reference
to the following

Table of arometric and thermc ans at the moon's hanges.

I—*- wS^:.. . £££ rsr*
59-787°

59823

Itfew, ..... •0064 "

61-67° 6022°

In obtaining the above averages I was obliged to interpolate
for such changes as took place on Sundays or holidays, when no
observations were taken. The interpolation, however, does not

arlect the general result ; and, on some accounts, the table is

more satisfactory than if the observations had been made with
special reference to a determination of the lunar influences, ac-

companied as such a reference would very likely have been, by
a bias to some particular theory.
The thermometrie and barom

correspondence in the times of the monthly°i
ima,—the correspondence being most marked and uniform a*

midnight, when the air is most removed from the direct heat of
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the sun, and we might therefore reasonably expect to find the
clearest evidences of the relation of temperature to lunar at-

traction.

By taking the difference between the successive weekly tides,

we readily obtain the amount of barometric effect in each quarter.
The average effect is more than three times as great in the sec-

ond and third quarters, as in the remaining half month,—a fact

which suggests interesting inquiries as to the amount of influence
attributable to varying centrifugal force, solar conjunction, or
opposition, temperature, &c.
Although, as in the ocean tides, there are two simultaneous

corresponding waves on opposite sides of the earth, these waves
are not of equal magnitude, the barometer being uniformly
higher when the moon is on the inferior meridian, and its at-

traction is therefore exerted in the same direction as the earth's,

than when it is on the superior meridian, and the two attractions

are opposed to each other.

I find, therefore, marked evidences of the same lunar action

on the atmosphere as on the ocean,—the combination of its at-

traction with that of the sun producing, both in the air and
water, spring tides at the syzygies, and neap tides at the quadra-

tures
; and I believe that the most important normal atmospheric

changes may be explained by the following theory:

The attraction and rotation-waves, as will be readily seen,

have generally opposite values, the luni-solar wave being

Descending, from 0° to 90° 4

,
and from 180° to 270°.

Ascending, from 90° to 180°, and 270° to 360°.

While a rotation wave is

Ascending, from 330° to 60°, and 150° to 240°.

Descending, from 60° to 150°, and 240° to 330°.

From 60° to 90°, and 240° to 270°, both waves are descending

while from 150° to 180°, and 330° to 360°, both are ta

In consequence of this change of values, besides the principal

hnar maxima and minima at the syzygies and quadratures,

there should be secondary maxima and minima at 60° in advance

of those points.
, ,

The confirmation of these theoretical inferences by the St.

Helena observations appears to me to be quite as remarkable

as that of my primary hypothesis. If we arrange those obser-

vations in accordance with the moon's position, and take the

average daily height of the barometer, we obtain the following

* Counting from either syzjgy.
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Table of the lunar barometric tides.

SrJL
^tsjrnsSBrsaftfi!--

844. *» 1846. issr
0°

90

135

165

26-21

•J: •:

hi 2

2712

C124
3i. y 9

MM

2701

•2183

2691

•2135

•2781

•2848

•2884

•2802

•2822

•2848

•2850

This table shows

—

1. That the average of the three ye
with the theory, except in the secondai
one day late.

2. That the primary maximum occured at the quadratures in

1845 and 1846, and one day before the quadratures in 1844.
3. That the primary minimum occurred at the syzygies in

1844 and 1845, and one day after the syzygies in 1846.
4. That 1846 was a disturbed year; and, if it were omitted

from the table, each of the remaining years,' as well as the aver-
age, would exhibit an entire correspondence with theory, ex-
cept in the primary maximum of 1844.

5. That 1845 was a normal year, the primary and secondary
maxima and minima all corresponding with theory both in po-

sition and relative value.
6. That the deviations from perfect correspondence with theory

can be easily explained by the relative positions of the two aerial

ellipsoids of rotation and attraction.
7. That the tertiary maxima and minima, or the turning-points

between the primary and secondary maxima and minima, are

less stable than the primaries and secondaries.
At extra-tropical stations I should look for important modifi-

cations of the theoretical results, some of which I propose to

explain hereafter.

u
In a former communication on the rotation-tide, I stated that

'the law of tidal variation, derived from an exclusive reference
ct the aerial motions to a supposed stationary earth, is precisely

-^
Since the tabular numbers'represent the temiares of the barometric curve, and

not the simple ordtnates, the values for 0° and 180° are the same.
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the same as the law that is derived from the consideration of the
relative attraction of the two bodies revolving about their com-
mon centre of gravity." That such would be the ease might
have been reasonably expected from the dependent connection
of rotation and revolution with gravity.

I was therefore led to believe that the daily lunar tides might
be indicated by the same expression as the weekly lunar and
daily rotation tides. On investigation, I find that such is indeed
the case. If M is the barometric mean for any given day and
place, and 6 is the moon's altitude, the lunar tide may be ex-
pressed by MC (sintfcostf), C being a constant to be determined
for each station.

The rationale of Mr. Flaugergues's second and third inferences
thus becomes evident ; the phenomena of ocean tides are con-
nected with those of the air, which, being subject to fewer extra-
neous disturbing influences, can therefore be more easily inves-
tigated

; and the long-suspected obedience of the principal me-
teorological changes to fixed mathematical laws is at length

President of the Natural History Society of Montreal, at i

meeting, May 18, 1864.
1

Fossils of the 1

By far the most important publication of the past year, in the
Natural History of Canada, has been the great Eeport of the

Geological Survey, a work in which, as the achievement of
members of this Society, we may very well take pride ; and on
which we may congratulate ourselves as facilitating the labors
of those among us who pay attention to geology, either with a
view to practical or scientific results, and as greatly raising the

scientific reputation of this country. The Keport of the Survey
nas already been reviewed in the Naturalist, and I propose here,

not so much to say anything as to its general merits, as to refer

to a few points in Canadian geology to which it directs our at-

tention.

One of these is the discovery of fossils in the old Laurentian

rocks, heretofore usually named Azoic, as being destitute of life,

and much older than any rocks known to contain fossils The
oldest remains of living beings, until this discovery, had been
found in rocks known as Cambrian, or Primordial, and equiva-

lent in age to our oldest Silurian of Canada, or at the most to

our Huronian. But the Huronian series in Canada rests on the

1 From the Canadian Naturalist, 1864.
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upturned edges of the Laurentian, which had been hardened
and altered before the Huronian series was deposited. Again,

:n Logan has shown that the Laurentian sysl

two great series of rocks, of such thickness as to indie

distinct periods, each of vast length, below the lowest fos
-"-''

5 of othrocks of other countries. Yet, in the lowest of these so-called

Azoic groups, fossils have now been found ; Canada thus far dis-

tancing all other parts of the world, so far as yet known, in the

antiquity of its oldest fossils.

I have had the happiness to submit these remarkable speci-

mens to microscopic examination, at the request of Sir W. E.

Logan, and have arrived at the conclusion that they are of ani-

mal nature, and belong to the very humblest type of animal ex-

istence known, that of the Rhizopods, though they far outstrip

in magnitude any known modern representation of that group.

The discovery of this remarkable fossil, to be known as the

Eozobn Canadense, will be one of the brightest gems in the sci-

entific crown of the Geological Survey of Canada.
In connection with this subject, it is to be observed that the

grand order of succession in the older number of the Laurentian
system of rocks seems to be the same with that so often repre-

sented in other parts of the geological scale. First, a coarse

fragmentary series, represented by conglomerate and gneiss;

next, a calcareous and fossiliferous band, represented by the

Eozoon limestones ; next, a finer earthy series, represented by
diontic rocks. This brings the Laurentian into a cycle some-
what similar to that oi dstone, the Chazy and
Trenton limestone, and the TJtica slate and Hudson river in the

Lower Silurian
; or to that of the Medina sandstone, the Niagara

limestone, and Lower Helderberg in the Upper Silurian ; or to

that of the Oriskany sandstone, Corniferous' limestone, and Ham-
ilton and Chemung groups in the Devonian ; or to that of the

Lower Carboniferous conglomerates and sandstones, the Carbo-
niferous limestones, and the Coal measures in the Carboniferous
period. This recurrence of cycles of deposit cannot be acci-

dental. It is more or less to be seen throughout the geological
scale and in all countries; and, as I have elsewhere pointed out,

it includes numerous subordinate cycles within the same forma-
tion, as m the coal measures. Eaton, Hunt, and Dana have called

attention to it; but it deserves a more careful study as a means
of settling the sequence of oscillations of land and water in con-

nection with the succession of life. It will also be important in

giving fixity to our g, ,, and may eventually
aid in establishing more precise views of the dynamics of geol-

ogy and of the lapse of geological time. The progress of the
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earth has, like most other kinds of progress, been not by a con-
tinuous evolution, but bj a series of cycles, of great summers
and winters, or days and nights of physical and vital change, in
each of which all things seem to revolve back to the place of
beginning, only to begin a new cycle, or new turn of a spiral,
similar to the last in its general course, though altogether differ-

ent in its details, accompaniments and results.

On the Boulder Drift of Canada.

There is another subject of great geological importance, on
which the publication of the report enables strong ground to be
taken. I refer to the conditions under which the Boulder Drift
of Canada was deposited. It has been customary to refer this
to the action of ice-laden seas and currents, on a continent first

subsiding and then re-elevated. But this opinion has recently
been giving way before a re-assertion of the doctrine that land
glaciers have been the principal agents in the distribution of the
boulder drift, and in the erosions with which it was accompanied.
I confess that I have steadily rejected this last doctrine, being
convinced that insuperable physical and meteorological objec-

tions might be urged against it, and that it was not in accord-
ance with the facts which I had myself observed in Nova Scotia

and in Canada. The additional facts contained in the present
report enable me to assert with confidence, though with all hu-
mility, that glaciers could scarcely have been the agents in the
striation of Canadian rocks, the transport of Canadian boulders,
or the excavation of Canadian lake basins. In making this

statement I know that I differ in some degree from many of my
geological friends, but I know that they will be rejoiced that I

should freely and frankly state the reasons of my belief.

The facts to be accounted for are the striation and polishing

of rock surfaces, the deposit of a sheet of unstratified clay and
stones, the transport of boulders from distant sites lying to the

northward, and the deposit on the boulder clay of beds of strat-

ified clay and sand, containing marine shells. The rival theories

in discussion are : first, that which supposes a gradual subsidence

and re-elevation, with the action of the sea and its currents,

bearing ice at certain seasons of the year; and, seam

which supposes the American land to have been covered with a

sheet of glacier several thousands of feet thick.

The last of these theories, without attempting to undervalue

its application to such regions as those of the Alps, or of Spitz-

bergen or Greenland, has appeared to me inapplicable to the

drift deposits of eastern America for the following, among other

reasons

:

1. It requires a series of suppositions unlikely in themselves
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and not warranted by facts. The most important of these is the

coincidence of a wide spread continent and a universal covering

of ice in a temperate latitude. In the existing state of the world

it is well known that the ordinary conditions required by glaciers

in temperate latitudes are elevated chains and peaks extending

above the snow line; and that cases in which, in such latitudes,

glaciers extend nearly to the sea level, occur only where the

mean temperature is reduced by cold ocean currents approaching

to high land, as for instance in Terra del Fuego and the south-

ern extremity of South America. But the temperate regions of

North America could not be covered with a permanent mantle

of ice under the existing conditions of solar radiation ; for, even

if the whole were elevated into a table land, its breadth would
secure a sufficient summer heat to melt away the ice, except

from high mountain peaks. Either then there" must have been

immense mountain chains which have disappeared, or there must

have been some unexampled astronomical cause of refrigeration

as, for example, the earth passing into a colder portion of space,

or the amount of solar heat being diminished. But the former

supposition has no warrant from geology, and astronomy affords

no evidence for the latter view, which besides would imply a

>n of evaporation militating as much against the gla-

cier theory as would an excess of heat. An attempt has re-

cently been made by Professor Frankland to account for such

a state of things by the supposition of a higher temperature of

the sea, along with a colder temperature of the land ; but this

inversion of the usual state of things is unwarranted by the

doctrine of the secular cooling of the earth, it is contradicted by
the fossils of the period, which show that the seas were colder

than at present ; and if it existed, it could not produce the effects

required, unless a preternatural arrest were at the same time

laid on the winds, which spread the temperature of the sea over
the land. The alleged facts observed in Norway, and stated to

support this view, are evidently nothing but the results ordi-

narily observed in ranges of hills, one side of which fronts cold

sea water, and the other land warmed in summer by the sun.

2. It seems physically impossible that a sheet of ice, such as

that supposed, could move over an uneven surface, striating it

in directions uniform over vast areas and often different from
the present inclinations of the surface. Glacier ice may move
on very slight slopes, but it must follow these, and the only
result of the immense accumulation of ice supposed would be
to prevent motion altogether by the want of slope or the coun-
teraction of opposing slopes, or to induce a slight and
motion toward the margins or outward from the more promi-
nent protuberances.

It is to be observed, also, that, as Hopkins has shown, it is
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only the sliding motion of glaciers that can polish or erode sur-
nd that any internal changes resulting from the mere

weight of a thick mass of ice resting on a level surface, would
nave little or no influence in this way.

3. The transport of boulders to great distances, and the lodg-
ment of them on hill tops could not have been occasioned by
glaciers. These carry downward the blocks that fall on them
from wasting cliffs. But the universal glacier supposed could
nave no such cliffs from which to collect, and it must have ear-
ned boulders for hundreds of miles, and left them on points as
high as those they were taken from. On the Montreal Mountain,
at a height of 600 feet above the sea, are huge boulders of feldspar
from the Laurentide hills, which must have«been carried from
50 to 200 miles from points of scarcely greater elevation, and
over a valley in which the striaa are in a direction nearly at right
angles with that of the probable driftage of the boulders. Quite
as striking examples occur in many parts of this country. It is

also to be observed that boulders, often of large size, occur scat-
tered through the marine stratified clays and sands containing sea
shells

; and whatever views may be entertained as to other boul-
ders, it cannot be denied that these have been borne by floating
ice. Nor is it true, as has been often affirmed, that the boulder
clay is destitute of marine fossils. At Murray Bay and St.

Nicholas, on the St. Lawrence, and also at Cape Elizabeth, near
Portland, there are tough stony clays of the nature of true "till,"

and in the lower part of the drift, which contain numerous ma-
rine shells of the usual Post-pliocene species.

4. The Post-pliocene deposits of Canada, in their fossil re-

mains and general character, indicate a gradual elevation from a
state of depression, which, on the evidence of fossils, must have
extended to at least 500 feet, and on that of far-travel led boul-
ders to nearly ten times that amount ; while there is nothing but
the boulder-clay to represent the previous subsidence, and noth-
lng whatever to represent the supposed previous ice-clad state of
the land, except the scratches on the rock surfaces, which must
nave been caused by the same agency which deposited the boul-

der clay.

5 - The peat deposits with fir roots, found below the boulder
clay in Cape Breton, the remains of plants and land snails in

Ae marine clays of the Ottawa, and the shells of the St. Law-
rence clavs and'sands, show that the sea, at the period in question,

had much the temperature of the present Arctic currents of our

coasts, and that the land was not covered with ice, but supported
a vegetation similar to that of Labrador and the north shore of

{he St. Lawrence at present. This evidence refers not to the

later period of the Mammoth and Mastodon, when the re-eleva-

tion was perhaps nearly complete, but to the earlier period con-
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temporaneous with, or immediately following, the supposed gla-

cier period. In my former papers on the Post-pliocene of the St.

Lawrence, I have shown that the change of climate involved is

no greater than that which may have been due to the subsidence

of land and change of course of the Arctic current, actually

proved by the deposits themselves.

These objections might be pursued to much greater length

;

but enough has been said to show that there are, in the, case of

northeastern America, strong reasons against the existence of

any such period of extreme glaciation, as supposed by many
geologists ; and that if we can otherwise explain the rock-stria-

tion and polishing, and the formation of fiords and lake basins,

the strong points fyith these theorists, we can dispense altogether

with the portentous changes in physical geography involved in

their views, and which are not necessary to explain any of the

other phenomena.
It is on these points, more especially, that the Eeport of the

G-eological Survey throws new light; though Sir William, with

his usual caution, has not committed himself to theoretical con-

clusions
; and in one or two local cases he seems to favor the

glacier theory. It has long been known to geologists, that in

northeastern America, two main directions of striation of rock

surfaces occur, from northeast to southwest, and from northwest

to southeast; and that locally the directions vary from these to

north and south, and east and west. Various attempts have

been made, but without much success, to account for these direc-

tions of striation by the motion of glaciers; and while it is quite

easy for any one prepossessed with this view to account in this

way for the striation in a particular valley or part of a valley, so

may exceptional facts occur as to throw doubt on the explana-

tion, except in the case of a few of the smaller and steeper

mountain gorges.

In the Eeport of the Survey of Canada, a valuable table of

these striations is given, from which it appears that they are

locally distributed in such a wav as to throw a decided gleam of

light on their origin.

It would seem that the dominant direction in the valley of

the St. Lawrence, along the high lands to the north of it, and

across Western New York, is northeast and southwest ; and that

there is another series of scratches running nearly at right angles

to the former, across the neck of land between Georgian Bay
and Lake Ontario, down the valley of the Ottawa, and across

parts of the Eastern Townships, connecting with the prevalent

southeast striation which occurs in the valleys of the Connecticut
and Lake Champlain, and elsewhere in New England. What
were the determining conditions of these two courses, and were
they contemporaneous or distinct in time? The first point to
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be settled, in answering these questions, is the direction of the
force which caused the striae. Now, I have no hesitation in as-

serting, from my own observations, as well as from those of
others, that for the southwest striation the di

ocean toward the interior, against the slope of the St. Laivrence
valky. The crag and tail forms of all our isolated hills, and the
direction of transport of boulders carried from them, show that
throughout Canada the movement was from northeast to south-

This at once disposes of the glacier theory for the pre-

;
for we cannot suppose a glacier moving

i Atlantic up into the interior. On the other hand, it is

utly favorable to the idea of ocean drift. A subsidence of
America, such as would at present convert all the plains of
Canada, and New York, and New England, into sea, would de-

termine the course of the Arctic current over this submerged
land from northeast to southwest; and as the current would
move up a slope, the ice which it bore would tend to ground and
grind the bottom as it passed into shallower water ; for it must be
observed that the character of slope which enables a glacier to

grind the surface, may prevent ice borne by a current from do-

Now we know that in the Post-pliocene period Eastern

America was submerged, and consequently the striation at once

comes into harmony with other geological facts. We have of

course to suppose that the striation took place during submer-

gence, and that the process was slow and gradual, beginning

near the sea and at the lower levels, and carried upward to the

higher grounds in successive centuries, while the portions pre-

viously striated were covered with deposits swept down from the

sinking land, or dropped from melting ice. It would be easy to

show that this view corresponds with many of the minor facts.

Further, the facts thus ascertained account for the excavation

of the deep and land-locked basins of our great American lakes.

Ocean currents, if cold, and clinging to the bottom, must cut out

pot-holes, just as rivers do, though geologists are too apt to limit

their function to the throwing up of banks. The course of the

present Arctic current along the American coast has its deep

hollows as well as its sand-banks. Our American lake basins

are cut out deeply into the softer strata. Eunning water on the

land would not have done this, for it could have no outlet
;

:

could tin

have effected .„ , .

were admitted, there is no height of land to give them i

turn. But if we suppose the land submerged so that the Arctic

current flowing from the northeast should pour over the Lau-

,
* The few exceptional cases appear to belong mostly to the later period of the
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rentian rocks, on the north side of Lake Superior and Lake
Huron, it would necessarily cut out of the softer Silurian strata

just such basins, drifting their materials to the southwest. At
the same time, the lower strata of the current would be power-
fully determined through the strait between the Adirondac and
Laurentide hills, and flowing over the ridge of hard rock which
connects them at the Thousand Islands, would cut out the long
basin of Lake Ontario, heaping up at the same time, in the lee

of the Laurentian ridge, the great mass of boulder-clay which
intervenes between Lake Ontario and Georgian Bay. Lake
Erie may have been cut by the flow of the upper layers of water
over the Middle Silurian escarpment; and Lake Michigan,
though less closely connected with the direction of the current,
is like the others due to the action of a continuous eroding force

on rocks of unequal hardness.
The predominant southwest striation and the cutting of the

upper lakes demand an outlet to the west for the Arctic current.
But both during depression and elevation of the land, there
must have been a time when this outlet was obstructed, and when
the lower levels of New York, New England and Canada were

f
n

]

[under water. Then the valley of the Ottawa, that of the
Mohawk, and the low country between Lakes Ontario and
Huron, and the valleys of Lake'Champlain and the Connecticut,
would be straits or arms of the sea, and the current, obstructed
in its direct flow, would set principally along these, and act on
the rocks in north and south, and northwest and southeast di-

rections. To this portion of the process I would attribute the
northwest and southeast striation. It is true this view does not
account for the southeast stria observed on some high peaks in

JNew England
; but it must be observed that even ar the time of

greatest depression, the Arctic current would cling to the north-
ern land or be thrown so rapidly to the west that its direct
action might not reach such summits.
Nor would I exclude altogether the action of glaciers in east-

era America, though I must dissent from any view which would
assign to them the principal agency in our glacial phenomena,
Under a condition of the continent in which only its higher
peaks were above the water, the air would be so moist and the
temperature so low, that permanent ice may have clung about
mountains in the temperate latitudes. The striation itself shows
that there must have been extensive glacera, as now in the ex-
treme Arctic regions. Yet I think most of the alleged instances
must be founded on error, and that old sea beaches have been

for moraines. I have failed to find even in the White
tins any distinct sign of glacier action, though the action

H visible almost to their summits ; and

in Canada and Nova Scotia many old
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sea beaches, gravel ridges, and lake margins, I have seen nothing
that could fairly be regarded as the work of glaciers. The so°
called moraines, in so far as my observation extends, are more
probably shingle beaches and bars, old coast lines loaded with
boulders, " trains" of boulders, or "ozars." Most of them con-
vey to my mind the impression of ice-action along a slowly sub-
siding coast, forming successive deposits of stones in the shallow
water, and burying them in clay and smaller stones as the depth
increased. These deposits were again modified during emer-
gence, when the old ridges were sometimes bared by denudation
and new ones heaped up.

l»shall close these remarks, perhaps already too tedious, by a
mere reference to the alleged prevalence of lake basins and fiords
in high northern latitudes, as connected with glacial action. In
reasoning on this, it seems to be overlooked that the prevalence
of disturbed and metamorphic rocks over wide areas in the
north is one element in the matter. Again, cold Arctic currents
are the cutters of basins, not the warm surface currents. Fur-
ther, the fiords on coasts, like the deep lateral valleys of moun-
tains, are evidences of the action of the waves rather than of
that of ice. I am sure that this is the case with the numerous
indentations of the coast of Nova Scotia, which are cut into the
softer and more shattered bands of rock, and show in raised

beaches and gravel ridges, like those of the present coast, the
levels of the sea at the time of their formation.

Art. XXVII.—On Celestial Dynamics ? by J. K. Mayer.

The surface of the sun measures 115,000 millions of square

piles, or %\ trillions of square metres; the mass of matter which
in the shape of asteroids falls into the sun every minute is from

9^,000 to 188,000 billions of kilograms ; one square metre of

solar surface, therefore, receives on an average from 15 to 30
grams of matter per minute.
To compare this process with a terrestrial phenomenon, a

gentle rain may be considered which sends down in one hour a

%er of water 1 millimetre in thickness (during a thunder-storm

the rainfall is often from ten to fifteen times this quantity)
;
this

amounts on a square metre to 17 grams per minute.

The continual bombardment of the sun by these cosmical

masses ought to increase its volume as well as its mass, if centri-

fugal3
action only existed. The increase of volume could scarcely

oe appreciated by man ; for if the specific gravity of these cos-
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enlargement of his apparent diameter to the extent of one second,

the smallest appreciable magnitude, would require from 33,000

to 66,000 years.

Not quite so unappreciable would be the increase of the mass of

the sun. If this mass, or the weight of the sun, were augmented,

an acceleration of the motion of the planets in their orbits would

be the consequence, whereby their times of revolution round the

central body would be shortened. The mass of the sun is 21
quintillions of kilograms ; and the mass of cosmical matter an-

nually arriving at the sun stands to the above as 1 to from 21 to

42 millions. Such an augmentation to the weight of the sun

ought to shorten the sidereal year from i^^booth to smooth of its

length, or from fths to fths of a second.
The observations of astronomers do not agree with this con-

clusion
; we must therefore fall back on the theory mentioned at

the beginning of this chapter, which assumes that the sun, like

the ocean, is constantly losing and receiving equal quantities of

matter. This harmonizes with the supposition that the vis viva

of the universe is a constant quantity.

VII. The Spots on the Sun's Disc.

The solar disk presents, according to Sir John Herschel, the

following appearance. " When the sun is observed through a

powerful telescope provided with colored glasses in order to

lessen the heat and brightness which would be hurtful to the

eyes, large dark spots are often seen surrounded by edges which
are not quite so dark as the spots themselves, and which are

called penumbrae. These spots, however, are neither permanent
nor unchangeable. When observed from day to day, or even from
hour to hour, their form is seen to change ; they expand or con-

tract, and finally disappear ; on other parts of the solar surface

new spots spring into existence where none could be discovered
before. When they disappear, the darker part in the middle of

the spot contracts to a point and vanishes sooner than the edges,

Sometimes they break up into two or more parts that show all

the signs of mobility characteristic of a liquid, and the extraor-

dinary commotion which it seems only possible for gaseous mat-

ter to possess. The magnitude of their motion is very great.

An arc of 1 second, as seen from our globe, corresponds to 465
English miles on the sun's disk; a circle of this diameter, which
measures nearly 220,000 English square miles, is the smallest

area that can be seen on the solar surface. Spots, however, more
than 45,000 English miles in diameter, and, if we may trust some
statements, of even greater dimensions have been observed. For
such a spot to disappear in the course of six weeks (and they
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" That portion of the solar disc which is free from spots is by
no means uniformly bright. Over it are scattered small dark spots
or pores which are found by careful observation to be in a state
ot continual change. The slow sinking of some chemical preci-
pitates in a transparent liquid, when viewed from the upper sur-
Jace and in a direction perpendicular thereto, resembles more
accurately than any other phenomenon the changes which the
pores undergo. The similarity is so striking, in fact, that one
can scarcely resist the idea that the appearances above described
are owing to a luminous medium moving about in a non-lumi-
nous atmosphere, either like the clouds in our air, or in wide-
spread planes and flame-like columns, or in rays like the aurora
borealis.

"Near large spots, or extensive groups of them, large spaces
are observed to be covered with peculiarly marked lines much
brighter than the other parts of the surface ; these lines are cur-
ved, or deviate in branches, and are called faculse. Spots are
often seen between these lines, or to originate there. These are
in all probability the crests of immense waves in the luminous
regions of the solar atmosphere, and bear witness to violent ac- .

won in their immediate neighborhood."
The changes on the solar surface evidently point to the action

of some external disturbing force ; for every moving power resi-
dent in the sun itself ought to exhaust itself by its own action,
fhese changes, therefore, are no unimportant confirmation of the
theory explained in these pages.
At the same time, it must be observed that our knowledge of

i nature of the subject, very
processes and other phenom-

* „ lA planet are still in many respects enigmatical,
tor this reason no special information could be given about the
manner in which the solar surface is affected by cosmical masses.
However, I may be allowed to mention some probable conjec-
tures which offer themselves.

the extraordinarily high temperature which exists on the sun
almost precludes the possibility of its surface being solid ; it

doubtless consists of an uninterrupted ocean of fiery fluid
matter. This gaseous envelope becomes more rarefied in those
parts most distant from the sun's centre.
As most substances are able to assume the gaseous state of

aggregation at high temperatures, the height of the sun's atmo-
sphere cannot be inconsiderable. There are, however, sound
reasons for believing that the relative height of the solar atmo-
sphere is not very great.
As most substances are able to assume the gaseous state of

aggregation at high temperatures, the height of the smvs atmo-

-o-t tne same time, it must be obsei
Physical heliographv is, from the ns

hmited; even the meteorological pre
ena of our own planet are still in i
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Since gravity is 28 times greater on the sun's surface than

It is on our earth, a column of air on the former must cause a

pressure 28 times greater than it would on our globe. This

great pressure compresses air as much as a temperature of 8000°

would expand it.

In a still greater degree than this increased gravity do the

qualities peculiar to gases affect the height of the solar atmo-

sphere. In consequence of these properties, the density of our

atmosphere rapidly diminishes as we ascend, and increases as we

descend, (xeneral)y speaking, rarefaction increases in a geome-

trical progression when the heights are in an arithmetical pro-

gression. If we ascend or descend 2|, 5, or 30 miles, we find

our atmosphere 10,100, or a billion times more rarefied or more

This law, although modified by the unequal temperatures of

the different layers of the photosphere and the unknown chem-

ical nature of the substances of which it is composed, must also

hold good in some measure for the sun. As, however, the mean

temperature of the solar atmosphere must considerably exceed

i that of our atmosphere, the density of the former will not vary

so rapidly with the height as the latter does. If we assume

this increase and decrease on the sun to be ten times slower than

it is on our earth, it follows that at th

300 miles, a rarefaction of 10, 100, and
ively, would be observed. The solar atmosphere, therefore,

does not attain a height of 400 geographical miles, or it cannot

be as much as *fyt£ of the sun's radius. For if we take the

density of the lowest strata of the sun's atmosphere to be 1000

times greater than that of our own near the level of the sea, a

density greater than that of water, and necessarily too high,

then at a height of 400 miles this atmosphere would be 10

billion times less dense than the earth's atmosphere ; that is to

say, to human comprehension it has ceased to exist.

This discussion shows that the solar atmosphere, in compar-

ison with the body of the sun, has only an insignificant height

;

at the same time it may be remarked that on the earth's surface,

in spite of the great heat, such substances as water may possibly

exist in the liquid state under a pressure thousands of times

greater than that of our atmosphere.
Since gases, when free from any solid particles, emit, even at

very high temperatures, a pale transparent light—th
lumen phihsophicurn~\t is probable that the intense white light

of the sun has its origin in the denser parts of his surface. It

•
-

1 med to be the case, t b d» seena

to be the disturbances of the fiery liquid ocean, caused by most

powerful meteoric processes, for which all necessary materials

are present, and partly to be caused by the direct influence of
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treams of asteroids. The deeper and less heated parts of this
ery ocean become thus exposed, and perhaps appear to us as
3ots, whereas the elevations form the so-called faculse.

According to the experiments made by Henry, an American
hysicist, the rays sent forth from the spots do not produce the
ime heating effect as those emitted by the brighter parts.

We have to mention one more remarkable circumstance. The
3 which extends 30° on each

i equator. The thought naturally suggests itself

xion exists between those solar processes which
produce the spots and faculse, the velocity of rotation of the
sun, and the swarms of asteroids, and to deduce therefrom the

i of the spots to the zone mentioned. It still remains
enigmatical by what means nature contrives to bring about the
uniform rati; ing alike to the polar and equato-
rial regions of the sun,

[To be continued,}

Art. XXYIIL—On a supposed change of level in a part of the

Green Mountains ; by "W. K. Scott, M.D., From a letter, dated

Buffalo, March 28, 1864, addressed to Prof. O. P. Hubbard, of

Dartmouth College, Hanover, N. H. 1

I have ascertained some facts, or what I believe to be such,

relating to a change of elevation in a part of the Green Moun-
tain range, which I wish to be made known to the Vermont ge-

ologists that they may make a thorough investigation of them.

But I do not know who these geologists are, and have no means
of getting the subject before them. I have therefore concluded
to make a general statement of these facts to you, presuming

"eply to a request from I

^ount Anthonv, nnl
ur.aings naa oeeu u

roughly examined i. » [yae W™? S1" r

consent. The pub!
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that you know these gentlemen and will be willing to communi-

cate to them what I write.

In the year 1796, when I was eight years old, my father

moved to a part of the town of Hoosick, Rensselaer Co., N. Y.,

known as Mapletown. His house was on the road from Ben-

nington, Vt. to Troy, N. Y., near the Mapletown meeting-house,

about four miles from the village of Bennington. The residence

of the late Garret Van Hoosen is within a few feet of the site

of that old house.

In front of that house was distinctly visible the top of Mount

Anthony, a spur of the Green mountain, south of the old village

of Bennington and very near it. What most attracted my
boyish curiosity was a large white spot on the side of the moun-

tain, which was said by the inhabitants to have been produced

by the bursting of a cloud (as they called it), which washed

away the earth and left the white rocks naked. This white spot

was situated about one-eighth of the apparent height of the

mountain from the top of it, and extended downward about one-

fourth of its height.

In 1803, after having learned something about linear per-

spective, I made my first attempt at landscape pointing in water

colors. The view was taken from a front window in our house,

and the picture embraced the whole of Mount Anthony which

was visible from that point. I well remember how much trouble

I had in representing the white spot on the mountain ; and I re-

member, too, what a miserable failure the whole performance

was.—I mention these things to show that my recollections are

not vague and shadowy, but clear, distinct, and certain.

I left that place in January, 1808, after having finished a

course of medical lectures at Dartmouth College. After an ab-

sence of fifty years, I visited it again to see my friend, Garret

Van Hoosen, who lived, as I have before mentioned, within a

few feet of my old home. During my journey there I thought

almost as much about seeing Mount Anthony again, as seeing

my old friend ; but when I arrived there, no part of the moun-

tain was visible.

In front of the house, about a quarter of a mile distant from

it, is a hill, now called Russel Hill, over which the mountain was

formerly seen. A part of the top of that hill is now covered

with high trees, which were small bushes when I was a boy, and

my first thought was that these trees hid the mountain ;
but the

next morning after my arrival, as the sun was rising, I found

that I could see between the trees, and that no mountain was

there. By going about fifty rods toward Bennington, I got out

of the range of the trees, and could look over a lower portion

of the hill, which was cultivated, and see the top of the moun-

tain, so low that it was certain that no part of it could be seen

from the house if no trees were on the hill.
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My first impression was that the whole of this change was due
to the subsiding of the mountain ; but reflecting how many feet
it must have settled to be hidden from our view, I gave that up,
and settled upon the opinion that Kussel Hill must have risen,

for one foot rise of that hill would hide twelve feet or more of
the mountain.
Had I been a practical geologist, I should have sought for

some evidence of its having risen ; but knowing very little of
that science, I could only glean a few facts obvious to every one.

The road in front of the house in question runs nearly north-
east for about fifty rods, and then turns east and crosses the line

of Russel Hill continued. I say the line of the hill, for the hill

itself does not cross the road. Near where the road crosses that

line is a stream, on which was a grist-mill in 1800. As it now
is, there appears to me to be no fall that could be used for that

purpose ; and the owner of a meadow some sixty rods above
the mill told me that that meadow was formerly a very rich and
productive one—that the mill pond never set back far enough
to injure it—but that now, wheu there was no dam, it was so

wet as to be almost worthless.—Below the mill for many rods,

when I was a boy, the water was still enough to be a convenient

place for little boys to bathe in. Now, there is quite a fall there

—enough to make a valuable water power.

Following the line of the crest of the hill across the road, we
come to a barn-yard, belonging to the widow of Lyman Andrews,
which, in 1800, was supplied with water brought from a spring

some little distance west of it. The' spring was enough higher

than the barn-yard to give great velocity to the water, so that it

made a whizzing noise in running from a small orifice. As
nearly as I could'ascertain with a carpenter's level, the barn-yard

is now a little higher than the spring. My investigation was
not thorough, for I had bnt little time, and it may be that the

yard has been filled enough to make the difference, but I saw no

evidence of it. A man by the name of H. B. Walworth lives

in a house opposite to Van Hoosen's, who remembers all about

the water in the barn-yard, and can show where the spring is

and where the water was discharged ; and he remembers as well

as I do the great velocity of the little stream as it escaped from

the penstock. _. . , .

In a matter of so much interest to geologists, I thought it

important to have the evidence of some one besides myself; for

it would hardly be satisfactory to the public to rely entirely on

the memory of one man. I found some difficulty m obtaining

- -e inhabitants of that district had changed many times

in fifty years, and most of those who lived there when I did were

dead or moved to parts unknown. There was, however a man
by the name of Lebbeus Turner, who lived there several years
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and moved away about 1805, who was still living. He was a

man of intelligence, and still retains his mental powers. He
was a nailer, and had a house and shop near my father's house,

on the opposite side of the road.

I wrote to him, asking if he remembered the white spot on

Mount Anthony, and where he used to see it from. He answered'

that he could always see it from his house, and described its

shape and general appearance. He also said that he saw the storm

on the mountain when the earth was washed away.
_

This was

before he lived in the neighborhood in question. His letter is

quite interesting. I then made him a visit, and found that he

and his wife were both clear in their recollections about it, and

both certain that there could be no mistake about the mountain

having been visible from their house. I had likewise an inter-

view with his eldest son, Stillman Turner, who now lives in

Worcester, Mass., and he is equally clear in his recollections.

Mr. Turner's eldest daughter, too, remembers that the white spot

on the mountain could be seen from their house. I have like-

wise a letter from Mr. Jacob Hallenbeck, who has lived all his

life in another part of the town of Hoosick, and who was very

often at Mr. Turner's shop, and he " thinks he remembers hav»

ing often seen the mountain from that place.' ' In a conversation

with him after the letter was written, he spoke with absolute

certainty of having seen the white spot from the back window

of the shop.

All this appears to me to be sufficient evidence of the simple

fact that Mount Anthony, and the white spot on the side of it,

could be seen from my father's house and that vicinity, in the

beginning of this century. All the rest is conjecture.

In order to ascertain how much the hill has risen, we must

first find out how much higher the top of the mountain is than

the bottom of the white spot, the distance from the mountain to

the hill, and from the hill to the house ; and all this will make

quite a job of work. It is to be noted also that the white spot

is not now visible from a distance, for it is covered with a growth

of shrubs and small trees which have sprung up within the last

thirty or forty years ; but its boundaries can be easily traced,

for so much earth' was removed that a high bank was left at the

sides and at the top of it.

If any geologist, whether employed by the State of Vermont

or not, should deem this of sufficient importance to be worth a

careful survey and a - u, and will undertake

. take great pleasure in transmitting to him what I know

about it, much more minutely than I have done in this comma-

I to Knd bin what letters I have received on tne

subject; and further, should he desire it, I will meet him on the
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spot and point out to him the various localities of which I have
written. I should like, too, to have him see my witnesses and
cross-examine them ; for unless the evidence is strong enough
to perfectly satisfy the public of the truth of my stat
should not be willing to have any thing published about it.

And, furthermore, I think it would be well to have a perma-
nent mark or monument placed on Eussel Hill, and another at
the house, showing the present difference in the elevation of
these two points, so that in future it can be determined whether
the hill continues to rise, and how much.

The following are copies of letters to Dr. Wm, K. Scott, attesting to
the facts above stated.

"Letterfrom Lebbeus Tut

I received a few lines from you last Thursday, asking me to give you
some information respecting Mount Anthony.

I well remember that when we lived in Mapletown the mountain
was visible from our houses, and the white spot or streak on the side was
plainly to be seen : the length of it went up and down the mountain.
The mountain was seen some way below the spot ; but for a number of
years that spot has gradually filled up, and is now grown over with
bushes of a size to obscure the spot. I presume the trees on the inter-

vening hill have grown to a larger size than they were in those days,

therefore I may justly conclude that Mount Anthony has not sunk down,
nor the intervening hill risen to obscure the sight of that grand pile of
rock and earth.

I well remember the time when that white spot was made. I was
something like eight years old. At that time we lived on the Oak Hill,

near where Miner Roberts lived. There was a very heavy thunder shower
passed over the mountain from the southwest, so as to entirely obscure it

;

we could distinctly hear the rain roar ; and as soon as the rain was over

and the mountain was visible, that spot appeared. The neighbors at that

time said that a cloud broke, and a large brook ran down the mountain.

My wife remembers well that the mountain was visible from our house.

[Signed,] Lebbecs Turner."

"Letter from Jacob JTallenbeck, of ffoosicfc, N. Y., dated Boosick,

Sept. 14, 1856.

You wish me to pen my recollections on the former appearance of

Mount Anthony, and its present appearance from the place where Turner's

shop used to stand. I think I can recollect some forty-five or fifty years

ago, the mountain was plain to be seen from the place where the shop

then was, but cannot be seen from that locality now, in consequence of

the intervening hills. The mountain, hill, and plain where the shop

stood, when viewed separately, have all the same appearance to me they

ever had; but taken together, they present quite a diffe— '
«
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in the form of the ground. I cannot believe it is owing to optical delu-

sion, for I think I can see distant objects as well as I ever could.

[Signed,] Jacob Hallenbeck."

• Letter from Stillman Turner, Esq., of Worcester, Mass., son ofLebbeus

Turner, dated Worcester, April 2, 1864.

Your communication is at hand, in which you wish me to state, ac-

cording to my best recollection, whether Mount Anthony could be seen

from my father's old residence in Hoosick, and also about the white spot

on it. The most that I can say at this time is, that Mount Anthony was

to me no rare sight to behold, for I think it was visible from almost any

point in the vicinity of our old place. I certainly recollect seeing it

when on the hill between our house and Uncle Harper Rogers', where

we had a full view of the whole range of mountains east of us; I often

used to stand and gaze with wonder and admiration on the scene ; but

whether it could be seen from our house or not, I am not able to say-
that neighborhood I could see the white spot spoken of; but

I do not feel justified in saying whether the mountain could be seen from

our old residence or not. [Signed,] Stillman Turner."

Note by Dr. William K. Scott.—From the hill of which Mr. Turner speaks, no

Art. XXIX.—Notes on the Platinum Metals; by M. Carey Lea.

Part. II. On Reactions of the Platinum Metals.

(HI.)

REACTIONS OF HYPOSULPHITE OF SODA.

In the first part of this paper I described the reaction of ses-

quichlorid of ruthenium with hyposulphite of soda, a substance
which will probably be found to be the best touchstone which
we have for detecting its presence. I shall now briefly describe

the behavior of that reagent toward other metals of the group,
and then proceed to examine how its behavior toward ruthe-

nium is modified when one or more other metals are present in

the same solution. The remarkable properties which the plati-

num metals possess of exhibiting in many cases reactions, when
mixed, wholly different from those which they show separately,
renders this a point of much importance.
The hyposulphite is to have a little ammonia added before

using as already mentioned. The ammonia must be in sufficient

quantity to ensure that the solution after the addition of the so-

lution of the platinum metal shall be alkaline.
Bichkmd of Ruthenium and Ammonium gives, with hyposul-

phite of soda mixed with ammonia and boiled, a rich sherry-
wine colored solution. This differs materially from the reaction
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of ammonia alone, which produces a pale straw color—in both
cases a very dilute solution is supposed to be used.

Sesqmchlorid of Ruthenium.—As already described, a rich red
purple by boiling; when dilute, nearly a rose color.

Bichlorid ofIridium and Ammonium.—Is simply decolorized.

Straw color, or yellow, according
to strength of solution.

id of Platinum.—-The addition of hyposulphite of soda
mixed with ammonia produces at first a precipitation of plati-
num salammoniac, which by heat (if the solution be not too
strong) is redissolved to a yellow liquid. Boiling renders this
at first paler, and almost colorless ; the reaction then changes,
and the color deepens to a rich wine brown.

Protochlorid of Palladium.—To apply the test to this metal,
place a solution of hyposulphite in a test tube with a little liquid
ammonia, and add a drop of palladium solution, so that it shall

r only, to the liqi

brown shade, i

* t i 1 it finally appears black. Dilution however shows
that this results from its intensity only ; the diluted liquid is clear
from troubling, and has a warm brown tint.

Detection of Ruthenium in Presence of Iridium by Hyposulphite of Soda
and other Reagents.

For the following examinations, solutions of sesquichlorid of
ruthenium and of chloriridiate of ammonium were used. Both
in a state of perfect purity were weighed dry, dissolved, and
mixed in the following proportions

:

Ru
3 Cl 3 , 1 part; chloriridiate of ammonium, 10 parts.

The hyposulphite test was not in any way impaired by the

presence of iridium.

Sulphocyanid test gave a red coloration, but much less clear

than in the absence of iridium,
1 and much inferior to the

reaction with hyposulphite.

Acetate of lead added and boiled gave a precipitate, in

which the purplish shade characteristic of ruthenium was

very evident.
Ru

2 Cl 3 , 1 part; chloriridiate, 20 parts.

Hyposulphite gave a perfect reaction.

Sulphocyanid reddish brown coloration and unsatisfactory.

Acetate of lead gives a precipitate r^1 A

by rutheniu
1
Clans remarks that this test fails when the Ru is in proportion to the

than 1 to 10. As here the proportion is 1 of Ru aCI 3 to 10 of iridium salami

tte proportion of Ru is even less than 1 to 10 of Ir. The hyposulphite tea

m the least affected by even a much larger proportion of Ir.

Am. Jour. Sci.-Second Sebies, Vol. XXXVIII, No. 113.-Sept., ISM.
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miliar witn tne color 01 me precipit

salt produces with a ruthenium solu

pare it for comparison.

Eu
3
Cl

3 , 1 part; chloriridiate, 50 parts.

Hyposulphite gave a perfec

SulphocSulphocyanid having failed in a solution containing a larger

quantity of rut'

Acetate of lead gave i

quantity of ruthenium, was not here again tried.

a precipitate which when careiuuy

th that afforded by a perfectly pure iridium

solution, exhibited a shade of difference, but scarcely suf-

ficient to afford any criterion. At least, this must be

garded as the extreme limit of the sensibility of mixtv

of Eu and Ir to this reagent.

Eu
2
Cl

3 , 1 part; chloriridiate, 100 parts.

Hyposulphite, perfect ruthenium reaction.

Ru
3
Cl

3 , 1 part; chloriridiate, 200.

Hyposulphite, satisfactory ruthenium reaction.

Eu
3 Cl 3) 1 part; chloriridiate, 500 parts.

s of such an enormous excess of iridi

salt, ruthenium is capable of being detected by a prac-

tised eye by means of the hyposulphite test, although the

clear rose color produced in the previous trials was here

changed to an orange shade.

It may therefore be concluded that for the detection of ruthe-

nium in the presence of iridium, the hyposulphite test is at least

ten times more delicate than acetate of lead, and even much
more so in comparison with sulphocyanid of potassium.

Dr. Gibbs has proposed a test for ruthenium by the use of alka-

line nitrite and sulphid of ammonium. It was my wish to com-

pare this method with that which I here describe, but I did not

succeed in obtaining the reactions of which he speaks, although

I tried both nitrite of potash, prepared by passing the red fumes

evolved by the reduction of nitric acid through a potash solu-

tion, and also with nitrite of soda prepared from the nitrate.

In the first part of this paper I recommended that when solu-

tions containing very little ruthenium were to be tesl

should first be boiled with a little pure chlorhydric acid. This

is an important point, the neglect of which may cause the pres-

ence of ruthenium to be overlooked, when it exists in sufficiently

large quantity to be recognizable, even by the ordinary tests,

after this precaution has been taken.
After making the foregoing experiments, I had oce -

an interval of some hours, to repeat them on the same diluted

and mixed solutions, which had been preserved in closed phials.
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I found no effect from hyposulphite. Selecting one containing
sufficient ruthenium to render the sulphocyanid test an
tried it; but equally without effect. The rut
power of reacting even in solutions which contained it in the
proportion of ^th of the iridium present. It was immediately
suspected that in consequence of the dilution, it had become
decomposed. A portion of the solution was then boiled with a
little chlorhydric acid, when it at once recovered its a
to the various reagents.

It was long since pointed out by Claus that neutral solutions
of sesquichlorid of ruthenium were decomposed by boiling with
separation of oxyd of ruthenium, and that even without heat

ation took place by standing. But it appears that even
acid solutions spontaneously decompose when very dilute, if the
excess of acid present is small.

I therefore recommend that in all cases where it is intended
to test solutions for small quantities of Ru, that the solution be

ith a little dilute chlorhydric acid immediately previous.
Of course when the hyposulphite* test is employed, the solution
must be rendered alkaline with ammonia, after boiling with the
acid, and before adding the hyposulphite. Generally speaking,

sable to use dilute solutions for testing for ruthenium.
Although it is then present in smaller quantity, it is immedi-
ately recognizable, because its reactions are then less marked by
the iridium than when stronger solutions are employed.
The decomposition of dilute solutions of ruthenium, even

when acid, may easily be observed without the aid of reagents.

When such a "solution of Ru
3
Cl 3

is very largely diluted with
water, it soon assumes a purple black color, and after a few
hours nearly the whole of the Ru falls to the bottom, leaving
the liquid almost colorless. This I have found to take place in

solutions containing Ru 2
Cl

3 , 1; water, 5,000.

When the solution is somewhat less largely diluted, it grad-

ually assumes a purplish red color by standing, and then be-

haves for the most part differently with reagents than ordinary

solutions of Ru
3 Cl 3

.

Detection ofRuthenium in Presence ofPlatinum by Hyposulphite of Soda.

Small quantities of Pt scarcely affect the ruthenium reaction.

fore rather a

Mixtures of Jr and Pt, or of Ru, Ir and Pt.

In all these mixtures, the reaction of the hyposulphite is that

which would result from a mixture of the separate colorations.
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The hyposulphite is a valuable test for the purity of iridium,

and affords an easy indication as to whether other metals of the

platinum group are present Let the chloriridiate of ammonium
be boiled with H CI, and then ammonia be added until the solution

assumes the pale olive color produced by alkalies in solutions of

bichlorid of iridium. The solution should be sufficiently dilute

that, after the ammonia has been added, it becomes nearly color-

less. Now add the hyposulphite and boil. If any increase of

color whatever takes place, it is a certain indication of impurity. If

the liquid becomes rose color, ruthenium is present ; if wine color,

platinum is probably present; if brown, palladium is probably

indicated.

(IV.)

Tetrathionic acid is capable of giving useful reacti. >ps v.itli

metals of the platinum group, and especially with palladium.

Ru a
Cl

3
boiled with tetrathionic acid is somewhat decolorized,

and finally becomes muddy and grayish.

BuCl, boiled with tetrathionic acid gradually darkens in color,

becomes muddy, and finally throws down a brown precipitate.

But if the acid be at firs with ammonia, the so-

lution becomes yellow and remains clear,

Ir^Clg, when boiled with tetrathionic acid, the pale, almost

colorless dilute solution darkens rapidly, and by some moments

boiling becomes a deep wine brown, remaining clear. If the

acid be first supersaturated with ammonia, the reaction does not

take place.

IrCl
a

is quickly decolorized by boiling with the acid. The

decolorized solution does not darken by further boiling.

PdCl is instantly precipitated in the cold by tetrad,;

The precipitate has a dark chocolate brown color. This precipi-

tation without heat is highly characteristic of the protochlorid

of palladium, and the test is of great delicacy. A single drop

of a rather dilute palladium solution was added to two ounces

of water. In a few drops of this very dilute solution, the pres-

ence of palladium was made evident by this test. When the

quantity of palladium present is so very minute as in this case,

no precipitation takes place, but a brown coloration is developed.

And as this coloration is produced in the cold, it is highly char-

acteristic of the metal in question.
PtCl

3 . Tetrathionic acid produces no effect in the cold. By
boiling, a wine brown color is developed, but no precipitation

As this test for palladium appeared likely to be a valuable

one, a series of experiments was undertaken to ascertain whether,

like so many of the old tests for metals of the platinum group,
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the reaction would be affected by the presence of other members
ol the group. Mixtures were therefore made of solution of pro-
tochlorid of palladium with the following substances respectively

:

Bichlorid of ruthenium,

Se^qiiiehlorid of iridium,

Bichlorid of iridium,

Bichlorid of platinum.

In all these cases it was found that the reaction was obtained
lifficulty, so that this test is capable of detecting palla-
th ease in the presence of either of the above-named

compounds. When but little palladium is present, the reaction
commences with a darkening of the solution, and the precipitate
falls only after an interval of one or two minutes, or longer, ac-
cording to the degree of dilution.

With sulphate of quinia, protochlorid of palladium gives a
bulky buff colored precipitate, which becomes somewhat black-
ish on boiling. Neither ruthenium nor iridium give similar
reactions.

(VI.)

Ru
2 CI 3 boiled with SnCl becomes perfectly colorless, if the so-

lution is very dilute. Stronger solutions show a pale straw color.

RuCl
3) boiled with a small quantity of SnCl, gives a buff col-

ored precipitate, which dissolves, in an excess of the precipitant,
to a solution which, by further treating, passes to a splendid
blood-red of great intensity.

The buff colored precipitate is soluble in solution of potash,

producing an intense brown liquid.

Ir
2 Cl 3

. When the sesquichlorid of iridium and ammonium is

added in sufficient quantity to re-

dissolve the precipitate which it at first produces, further boiling

produces an abundant leather-colored precipitate, which is insol-

uble in anv excess of potash.
I felt much interested to observe whether this reaction would

take place in the presence of sesquichlorid of ruthenium in the

solution
; a I n to find that it did so. We thus

have a mode of detecting iridium in the presence of ruthenium,

which offers certain advantages.
The best way to observe "the reaction is as follows: To the

solution of sesquichlorid of ruthenium, add a little acidulated

protochlorid of tin, and boil till the color disappears and then
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add excess of potash. The liquid should be perfectly clear and
very nearly colorless. The addition of a single drop of dilute

solution of sesquichlorid of iridium communicates a yellow color,

which rapidly deepens by boiling, and an abundant leather-col-

ored precipitate falls. The almost perfect decolorization of the

ruthenium solution by the protochlorid of tin, adds to the nicety

of this reaction. Those only who have been annoyed by the

extreme difficulty of getting any indication of the presence of

small quantities of iridium in ruthenium solutions, will appre-

ciate the full value of this test.
'

(YII.)

A solution of clorid of zinc in excess of ammonia gives an

interesting and beautiful series of reactions with the metals of

the platinum group. The metal b are to be

subjected to this test, must be either neutral or slightly acid.

The presence of alkali in excess, or of acid in large excess, nat-

urally interferes with these reactions.

_
To obtain the zinc solution in proper condition, chlorid of

zinc must be added to ammonia until the smell of ammonia be-

comes tolerably faint, and a considerable proportion of zinc

oxyd remains undissolved. The liquid is then to be filtered off,

and should be used without too much delay. In this condition
the affinities are in a state of very unstable equilibrium. The
addition of even a few drops of water produces a precipitate.

It is precisely this instability which gives the solution its value

for the purpose under consideration. When it is added to a so-

lution of a platinum metal, the precipitate which falls carries

with it a part or the whole of the platinum metal, which imparts
to it a characteristic coloration.
The following are the reactions:
Eu

3 Cl 3 a brown precipitate: the solution becomes colorless.

RuCl 2 a rose-colored precipitate : the solution becomes color-

ed 3 a pale buff precipitate: the solution becomes colorless,

IrCl
2
a fire-red precipitate: solution decolorized.

With platinum aud palladium the tendency of ammonia to

form double salts, interferes, and prevents any characteristic re-

action from the zinc solution.

When this solution is added to rutheniu
tions, the following reactions are obtained

:
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Ru
2 CI 3—bright yellow liquid.

PuCl
2—the same, but more on a wine color.

.

Ir
3 Cl 3 . When to a slightly acid solution of sesquichlorid of

enough of the solution in question is added to make the
liquid strongly alkaline, a green coloration is produced at once
which by boiling becomes olive.
But if the iridium solution be first rendered alkaline with am-

monia, the addition of the above reagent gives a bright yellow
coloration, which by boiling becomes deep wine red.

(IX.)

A solution of Schlippe's salt mixed with an equal bulk of
ammonia, and added to the solutions of the Pt. metals, gave the
following reactions:

Ru
3 Cl 3 by boiling, a blackish precipitate.

RuCl
2 . When the solution containing the bichlorid of ruthe-

nium is boiled, and a single drop of solution of Schlippe's
salt added, a yellow transparent liquid is obtained. A larger
addition gives an abundant light brick colored precipitate.

When this larger quantity of solution of Schlippe's Bait is

added, a slight warming is sufficient to throw down the pre-
cipitate.

Ir
3
Cl

3 . A similar precipitate is obtained, but only after
some minutes' boiling.

IrCl,, is instantly decolorized by solution of Schlippe's salt

with ammonia, and when boiled remains clear for a few
minutes, then lets fall an abundant brick-brown precipitate.

In this it is distinguished from KuCI 2 , which lets fall the

precipitate by a slight warming.
PdCl. As ammonia precipitates palladium at once, the follow-

ing course was adopted. Ammonia was placed in a test-

tube, and a little palladium solution added. Heat was ap-

plied till the preci < formed, was redis-

solved. An addition of Schlippe's salt then produced an
instantaneous and abundant brown black precipitate.

PtCl
2 treal - salt (without ammonia) gave an

immediate dark brick-brown precipitate in the cold.

KO Os0
3 . Osmite of potash, dissolved in dilute caustic potash,

gives with the aid of heat an immediate black precipitate

with Schlippe's salt.
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The new reactions which I have described in this paper in-

clude characteristic criteria for all those cases in which it has

been considered most difficult to discriminate. Platinum and

rhodium offer no difficulties; the first can always be recognized

with ease by its behavior with chlorid of potassium, and the

latter by its behavior with caustic alkalies. For the other metals,

I propose here very briefly to recapitulate what I consider the

chief points of interest here developed.

Ru 3 Cl 3
. The characteristic reaction of sesquichlorid of ru-

,oti when boiled with hyposulphite

of soda. See section third.

RuCl 3
. Bichlorid of ruthenium is recognized by its rose-

colored precipitate with ammonio-chlorid of zinc, as described in

IrC?
1
*'

1
Iridium is best detected by its behavior with proto-

chhrialof tin and potash. The details and mode of application

have been already described in section sixth.

PdCl. The reaction of protochlorid of palladium with tetra-

thionic acid is highly characteristic, and cannot well be con-

founded with any other. See section fourth.

For ascertaining the purity of solutions of iridium, particu-

larly as respects ruthenium, the hyposulphite of soda is especially

valuable, as described at the end of section third.

Art. XXX.-—Progress of the Geological Survey of California.

Professor Whitney, having recently returned from California, is now

engaged in superintending the publication of a portion of the materials

collected by the Geological Survey of California. He communicates the

following statement in regard to the present condition and probable future

Those interested in the California Survev will already have learned

something of its progress from the brief reports, or letters to the Governor

of that State, which have appeared from time to time, during the past

three years, and of which extracts or notices, more or less complete, have

appeared in this Journal. (See •! »unm] f" .1 July, 1863, and May, 1864.;

No serious opposition has been made to the continuance of the Survey,

during any of the Legislative sessions, except on the score of economy

an argument which was urged with more reason than usual before the

last Legislature ; since, owing to a variety of causes, which it is not ne-

'
i to specify, the finances of the State, for the past three or W*
been in a deplorable condition. The vast extent of area to

xplored, the variety of subjects claiming attenti

rily heavy expense of travelling everywhere on the Pacific slope, 1

impossible to can s^kfoetk^j ~
t

with appropriations which would be deemed ample on the Atlantic s

y. ; v:--.
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wlllch has come m force, biennial, at the last session an appro
ras made for the two fiscal years commencing July 1st, 1864.

was *,"? 2S
rTlate
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fi

i.

r ?e continuan<* of the Survey for two yearswas $31,600;' of which, however, $6000 was to be set apart for the
publication of two volumes of the Report, making, with $3000 previ-
ously appropriated for that purpose, $9000 available for printing and en-
graving—or, rather, which will be available when the money is received
rrom the Treasury. -

The old law organizing the Survey having expired by constitutional
bmitation, a new one was passed, somewhat modifying the details of the
»ork, and especially in regard to the method of publication. The Act
the essential portion of it at least, is worded as follows : "It shall be his
(the State Geologist's) duty, with the aid of such assistants as he may
aPpoint, to complete the geological survey of the State, and to prepare a
report of said survey for publication. Such Report shall be in the form
°t a geological, botanical, and zoological history of the State," &c.

In accordance with the Act now in force, it is presumed that the Survey

The

continued for four years longer; and it is

Jologist to close it up within that time, at least the active fie

ppropriation being so small, for the next two years the work t

aces ot the past tnree years passing a

?e made by the next Legislature for

blication of il

following the provisions of the present Act, each volume of the Re-
ports now and hereafter to be published will form a part of the Final
Report, which it is believed will comprise about ten large royal-octavo

The first volume to be issued will comprise the
Paleontology of the State. It will be illustrated
°u steel and stone, which have been for some time in the hands of the
^gravers, and of which the accompanying text is now passing rapidly
through the press.'

«, * Josser Brewer, now in charge of a party exploring in the central portion of

FrtSfsc?
NeVaCk

'

"'
r

i<?
'Jrney fr°m Sa°

<1>™, as one of great hardship, owing to the extreme difficulty of procuring water or

, ue route.

(

It will be observed that gold is the only circulating medium in California.

As the engraving - re some time, the letter-press, which
""'soon be complete ; .. limited number of copies, to which



Survey of California.

includes the Carboniferous, Triassic, Jurassic and Creta-

be Carboniferous and Jurassic by Mr. Meek, the Triassic

by Mr. Gabb. Of the Cretaceous fossils 249 new species

il>eu, from a formation not distinctly recognized in California

previous t. the commencement of this survey; but now known to extend

one end to the other, and indeed from Mexico to

Britiah Columbia, and to be in many localities rich in well-preserved

? California will be devoted

ns to what had already been

done in the lower formations as may have been accumulated during the

continuance of the Survey.

Immediately after the appearance of the first volume above-mentioned,

will be devoted to the General Geol-

nia. I his voliiiiu\ it is hoped, may be issued early in the

next year. In a third volume, which will follow soon after ti

anee of the second, it is proposed, although not definitely determined, to

make a begu f the State.

A party is now in the field, in charge of Professor Brewer, engaged in

exploring the region of the high Sierra Nevada, south of the Mono Pass

and the region examined last year: a portion of the State wl

most entirely unexplored, and of which we know only that

Some of the principal results of the Survey, up to the present time,

may he thus brierlv summed up

:

1. Topography.—For a sketch of what had been done in this depart-

ment up to season for field-work in 1863, see this

in the High Sierra, from the region adjacent to the Mono :

trail leads from Big Oak Flat or Coulterville, along the edge of the lo-

'

alley, to Aurora, a little south of the 38th parallel of latitude)

ra Nevada is that near ne

southwest of Mono Lake.

The culminating peak of the Sierra, the highest point in tkfl 9

the exception of Mt. Shasta, we found to be just north of the M
eight miles southwest of Mono Lake; it is 13,200 feet high, and, being

one of the numerous unnamed peaks of the Si

Mount Dana, in honor of Professor J. D. Dana. The next point in height

to this—the centre of a magnificent group of snow- covered peaks-—*6

named Mount Lyell : it is about 15 miles, a little west of south, from

Mt. Dana, and about 100 feet lower than that elevation. The scenery

of this portion of the Sierra is truly Alpine, and can hardly be surpassed

One of the most interesting facts observed here, for the fi

the Sierra, was the proof everywhere surrounding us of the former exist-

'-•

TW].,. „_!!.„. il i. l-i „ °
, _r • - .,„.,,•!« 100U
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1 as. Thousands of acres of granite retain the most exqui-

ramcs is as easily observed as in the Alps at the present day.
These traces of extinct glacier action were afterward discovered by us

in many other places to the north , f this, thro J. to Mt. Shasta.
The work of laying down the topography will be continued during

the^ present season by Mr. Hoffman in the" region sou;h -f the Mono
t'aiL and by Mr. Wackenreuder in that north from Silwr
the Henness pass. Thus our observations, when combined, will enable
us to give the first approach to a tolerably accurate map of this great
*

-

!

i
-

1

1 j i ut mountain*. It is uncertain, as vet, how and in what form our
lical work will be laid before the public, except that the publi-

cation of the maps of the vicinity of the Bay of San Francisco and of
the Monte Diablo region has been determined on, and they will be

arrangements will be made as shall ensure the publication of a map of

"Mate, greatly improved on t appeared,
and as large as can be conveniently used for a wall-map—say, on a scale
of twelve miles to the inch. A map of the central portion of the State,

rise area occupied by at least four-fifths of the popu-
lation of the State, will also probably form a part of the materials [re-

pared for publication by the Survey."
2. Physical GeograpJ > department have been

steadily
. irried on during the progress ot the Survey, tnd one of the

vo!um - ot tin R< p ut will be .k\..t. 1 to tin- .1.
\

,i •
. nt of our work.

Allusion may be made h jations which
have been ea . \u- "some years past, by Major K. S.

the barometer on the Pacific coast. These investigations, for which

-

own very nun - nation-. I'he data <.>
!

- t.-d in

-

liamson in v, oa taken bj the U.S. I
'

.. :;. ,
.'..

_
..- " -

' ' :

.

i'
•

; .
•

•

':•- - -'•-

rally depressed below the level of the ocean.

3. Geology.—Up to the present time, an i - this season of

field-work, we may be said to have I

m*ti*a a

-- -.._:..: .-.'."
"

tot the same reason— ' •
that tha

drought has , . the last two years, with operations in

that quarter.
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In addition to work carried on within the bound
have considerably extended the area of our field of labor I

m

made in the adjacent territories, and not considered, or paid for, by the

State as part of the regular work of the Survey. Mr. Gabb was em-

Oregon and Washington Territory, and also on Vancouver Island, where

he made important additions to the little previously known of the geology

of that region. He has now joined
';_'.

region he can hardlv fail t > brii » bark ovr, _

The expedition Wftfi t
, on the north end of Kla-

math Lake, about the 15th of June. Mr. Clarence Ki g

the early part of the present season, some important explorations in the

Humboldt range, and the ranges east of that, in Nevada Territory. Mr.

- been tor some time in Sonora, Mexico, and has made inter-

ns to prove the continuance ot the

far to the south, and win

ine of observation, so as to form a chain—broken at ma
it - tin— t K it ji. to uv - < nu-tl. It m .\ !„ ii. be- , Id -', s an

important item in the development of '

western side of the continent, although r

Survey of California, that Baron Richthofen
merlyattac-

been for some time engaged geology <

coast, and that he is »]

Washoe region; those who have consulted this g
•I by him in the Alps, especially in Tyrol, and

also m Hungary, will not need to be told that whatever he may give to

the world in regard to this, in many respects, strikingly similar region of

Nevada Territory, will be of the greatest interest.
On the whole, it may be said that the labors of the past three, and of

the coming four, years "can bar!:;, fche means of

giving a tolerable approximation to a geological map of the Pacific coast

of our continent, and one, it may be added, which will have 1

blance to those which have heretofore been published. For anything
like a detailed knowledge of the whole of this vast, mountainous, and

extremely difficult region, we shall have to wait many years.
In alluding to a few of the results of the Geological Survey in

'':
is

department, it will be necessary to be extremely
were a suitable place for it, details would hardly be intelligible without

Perhaps the most striking result of the Survey is the proof we have

obtained of the immense development, on the Pacific side of our conti-

nent, of rocks equivalent in age to the Upper Trias of the Alps, and

paleontologically closely allied to the limestones i I

and the St. Cassian beds, that extremely important and highly
division of the Alpine Trias.

This great Triassic belt of the Pacific coast has been most fully ex-

plored by the Survey in the latitude of 40°, and over a width east and
west of nearly four degrees of longitude (117° to 121°). It is from this
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region that the largest portion of the fossils have heen obtained, both
from the tin

,g. 117° to 1 18°, called the B
in Plumas countv. California. But sufficient

paleontological evidence has been obtained to enable us to state that this

-h much broken up. nteirupted, and covered l\
eruptive rocks, imorpboeed.
Among the specimens from the Humboldt and Plumas county, Mr.

:

»yl 1- sim. m.HmiMmer.f oill ,it.t«^ . nat.t.s. ~,„ nt.t- s „,,„.

Alps, together with Halobia, Monotis, Avicula, Pecten,

>eing the most widely diffused and the most abundant

Sierra Nevada, and prob-

e development of Jurassic

I and extremely barren of fossils.

:

' of the Pacific coast of
North America i> eld 1 i up < i k> of .Jura- i i h i-i< age.

stone, and
• formations are so folded together, broken up, and meta-

,

-

™ n: "- we of the auri-
ferous rocks of California consist of metamorphic Triassic and Jurassic
strata, we hai ience to uphold the theory that has
been so often maintained, that all, or even a portion, of the auriferous

tee of a Devonian or Si-

ring to the theory of the occurrence of gold being chiefly lim-
ited to Biloria COW in no inconsiderable quantity

gh up in the series as the Cretaceous.

Allusion has already been made to the wide-spread occurrence in Cali-

fornia of the Cretaceous formation. The coast-ranges of California and
Oregon, indeed, are to a large extent made up of rocks of this age.

tt, and frequently highly

imation of
the State, hai jsils at over thirty localities. Ac-

appears that the formation, so tar as is yet known,
nber-the upper, or

-veil-marked groups,

r of which corresponds to the No. 4 of Meek and Hayden, or the
Fort Pierre group. This division (Div. A of the California Report) has
yielded 152 species in California, out of about 260 collected, and of

mm on to this and the upper division

(Biv.B). This latter should probablv. - ; phical po-

5 of Meek and Hayden;
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.

New Jersey and Tennessee.

Rocks of Tertiary age are extensively developed in the coast ranges,

although not so much so as the Cretaceous, the greatest development of

the former being in latitude about 34° and 3o°.

in many localities, the Tertiary beds do not usually retain their organic

remains in as good a state of preservation as the Cretaceous, and there is

a much greater variety of distinct groups of species. The pal

of the Tertiary rocks has not yet been thoroughly worked out,

be taken up by Mr. Gabb during the coming winter. It will probably

require a long period of tini, 1m f„ r .< tl IVitiaiy < -,-1'l I) c ^
,<

S

be wholly elaborated, and the exact ivisions with.

those of the Eastern Tertiary be made out.

In regard to the relative ages of the different mountain-chains of the

.ubject will

I after the

er of the great mountain region of the w
3 great mass of the Sierra was uplifted

horizontally and unaltered on the

The same statement is probably true with regard to trie

ranges east of the main crest of the - least m *•

3HSOB to believe that these

last-mentioned ranges were uplifted and r the close of

»ic period, we have not poei is took place

prior to the Cretaceous epoch. Still, combining all we know of the

geology of New Mexi iTS to be little

doubt that the system of the Sierra Nevada extends over a consider-

r of nearly parallel ranges

i inferior in extent and ele-

Wehave recognized at least three distinct periods of upheaval and

metamorphio a. tu a in the oast-ranges. The main one was :i<

of the Cretaceous epoch ; the next in importance was after the deposition

of the Miocene tertiary—or, at least, of a group
-'

and west up .,.,. at the close of the Miocene; an<l

the third is one which appears to ha ; the later Pli-

ocene, and to be still going on.

_
It is a very interesting tact, that the exterior of the coast-ranges—that

geologically, .., or taose which border the Sacra-

mento and San Joaquin valleys. This is a repetition on a smaller scale

of what has been the course of events in the formation of the whole

' :...' .._ ;...-::;,
filled up afterwards.
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Sierra Nevada, so lin-

ing operations, are not
oi marine origin, as lias been so often asserted. '.I lie history of these

j. in-! other characters, in exce. li ,,\ • ter-

esting; but it - connection, to do more than hint at
some of their main features.

There is perhaps no subject connected with the geology of the Pacific

.
-
"

are in what lias been published by geologists on the nature and distribu-
tion of the detrital deposits which are so extensively worked by the
methods known as hydraulic and tunnel mining. It has been assumed
that these deposits are of marine origin, and that they originally t»

whole western sloj t tl e Sien i Nevada, a

ich, were it true, it would be of vast importance for California

In the firsl as is proved
by the fact thai dim ol leaves.

as the remains of land animais, and occasionally those of fresh water,
not a trace of any m und in them.

Again, these detrital deposits are not distributed over the flanks of the

Heve that they consist of materials which have been brought down from
the mouutain-heigl sting valleys:

tvered by heavy

the like, finally

winding up by a general outpouring of lava, which naturally flowed

from the summits of the Sierra through the valleys, into the lake-like ex-

pansions, filling them up and covering over the auriferous gravels, which
were to remain for ages, as it were, in a hidden treasure chamber, con-

cealed under hundreds of feet in thickness of an almost indestructible

material.

The effect of the denudation which has taken place since these streams

°f lava flowed down the mountains, has been most extraordinary. For
now, these deposits of gra "> instead of

occupying the depressions & forming high plateaux

between the present river canons and fiat-topped ridges, known as "Table

mountains," hundreds, or even thousands, of feet above the present river

beds. Thus the topography of the country is exactly the reverse of what
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it was at the commencement of the present geological epoch : what were

once valleys are now ridges, and the ridges of former times were where
the immense canons of the rivers flowing down the western slope of the

Sierra now are. The proof of this assertion, and the interesting bearing

it has on the tunnel and hydraulic mining interests of California, will be

fully set forth in the Reports of the Survey.
The Mammalian remains found in the tunnel and placer diggings of

California seem to belong to two distinct epochs. The oldest

the Pliocene, the other the Post-tertiary. The former are found under the

volcanic beds, the latter in deposits which have been formed since the

period of greatest volcanic activity, and which apparently belong to the

epoch of Man. For it appears that the facts collected by this Survey,

when fully laid before the public, will that the mas-

todon and elephant, whose remains are so widely and abundantly scattered

through California, have been contemporaneous with Man in that region.

The above are a few of the more

'

loped by the

Geological Survey of Oalil ik will be laid

before the scientific public with as little delay as possible.

4. Metallurgy and Mining.—Paul: paid to these

departments of the Surw e, and do pains will be

spared to throw all possible light on the mode of occurrence of the valu-

able metals and ores, the method of the processes

now in use on the Pacific coast. It is estimated that two volumes will

be required for this division of the Report.
5. Botany.—It is believed that the progress in this department, under

Prof. Brewer's direction, has been sutiv assertion that

a " Manual of the Botany of California" will form a portion of the work

te have been
' ' 'gh autbori nent, and Prof,

to the East in a short time, to commence the

n of such a work as, it is believed, will be a most important
to the study of the botany of the Pacific coast.

6. Zoology.—The working up of the zoological collections of the Sur-

vey is now in progress under Dr. Cooper's direction. It has not yet been

decided how many volumes will be rei acriptioB and

illustration.

The publication of so large a mass of materials will necessarily occupy
several years, and it will of course depend on the action of future Legis-

• fully and how rapidly our results are laid before the public

in a printed form. Three volumes are already provided for, and, as has

been already stated, they will be sold at a moderate price, and the pro-

ceeds, as required by law, paid over to the common school fund of the

XT , J. D. Whitkkt.



Scientific Intelligence. 265

SCIENTIFIC INTELLIGENCE.
I. CHEMISTRY AND PHYSICS.

I. On a new class of Sulphur compounds.—Von Oefele has suc-
ceeded in shewing that sulphur, like selenium, tellurium, lead, tin and
many other elements, is capable of forming a true organic base with
ethyl, and doubtless, therefore, with other organic radicals. The iodid of
the new radical is easily formed by the direct combination of sulphid of
ethyl with iodid of ethyl, the reaction being expressed by the equation

2C4H 5
S + C4H 5

I = (C4H 6 ) 3S2 I.

The new iodid is a beautiful crystalline body which is easily soluble in

water and alcohol and crystallizes from its solutions unchanged. Nitrate
of silver precipitates iodine from an aqueous solution of iodid of triethyl-

sulfyl as iodid of silver, while a nitrate of the new base remains in

solution. Oxyd of silver and water digested with the iodid yield the

hydrated oxyd of triethyl-sulfyl, which in the exsiccator gives trans-

parent deliquescent crystals. The oxyd of triethyl-sulfyl is a very

fixed base, a solution of which exhibits a strong alkaline re-

:-

potash. It fo sulphate and nitrate are

crystalline and deliquescent The chlorplatinate (C4H S ) 3 S2C1, PtCl 2
-v from the aqueous solution in long prisms. The author

itiona which appear to show that nitric acid con-

tains S2 as a hexatomic
instead of a tetratoraic element, the hydrated oxyd being probably

)(C4H 5 ) 3 S 2 2 (0,HO, and which perhaps still possesses weak basic

London, xi, 105. w. g.

- '
•

sulpho-cyanid of iron is ~n\nu\* 'in cfl , an I that \vl ?n a solution con-

I of iron and sulpho-cyanid of potassium but-..•--: . :

.
.:•

. •- '.<:. <.

a rose color resembling that produced in chloroform by traces of iodine.

"

precautions usual in testing for iron by sulpho-cyanid of

potassium must be taken in employing Natanson's process. By in

"
't, the author easily detected iron in a solution of chlorid of platinum,

hich, on account of the yellow color, sulphocyanid of potassium as

acid is heated with ;e pre
ramd of potassium it is easily decomposed and vieius cvw^an- <

>d chlorid of potass sr undergoes a precisely simi-

r change when bo cyaoid of potas-

ura, cyanacetic ether being formed. When cyanacetic acid is boiled

ith a large excess of potash, ammonia is given off and malonate of pot-

Ax. .Ioub. Scr.-< _- >, V,. XXX i: -Sept.,18M.



ash is formed, from which
\

represents the reaction in tL

K0
'
C2

\CN \ [C2°2]°+K • 3HO=2KO . [C 2H 2 )» [c
2
o

2]°a+H 3
N -

rued the same results by boiling cyanacetic ether «

lile by treating chloro-propionic acid by the same process a

small quantity of a crystalline acid was prepared, which on being heated,

emitted the suffocating vapor characti I. Both au-

thors promise a further investigation of this very interesting subject.—

Journal of the Chemical Society, Ser. 2, vol. xi, p. 109. w. g.

4. On Thallium.—Crookes has published the first part of a mono-

graph of thallium, in which all the known facts in regard to this metal

are collected and systematically arranged. For the details, many of

which have already appeared in this Journal, we must refer to the orig-

inal li oeiongs to tne same group with silver and lead, (sic) a view which,

as he says, is generally taken in England. It seems difficult to under-

stand how any chemist at the present day can place lead and silver in

the same natural group, silver being monatomic while lead is either

thallium sbi the very inter-

Iver alum only illustrates the analogy

between silver and the alk >mic. That

potassium and silver are at different ends of the scale, so far as their elec-

tions are concerned, is of no consequence whatever in deter-

dr natural position with respect to each other, since
ence is one of degree and not one of kind. As gold with the equivalent

197 is also monatomic, we may expect : a gold-alum

or at least a salt in which gold and * each other

u-sly. It appears to us, after a careful examination of all the

a connecting Hnk between these two i
• greatest in-

"
r the purposes of classification. Further investigation

the same group, w. g.—Journal of the Chemical Society. Ser. 5

5. On Cobaltic acid.—Winkler has observed that when finely divi-

lic cobalt is heated with a strong solution of caustic potash, a

deep blue solution is formed which i e a cobaltate

of potash. Cobaltic acid has the formula Co0 3 , and belongs

presence of a large excess
potash: deoxydizing agents and even the additio
water easily decompose it Ether d

tor cobalt, w. a.—Joun nd 351.
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6. New method of red able to a large number
of metals.—Mr. Poumarede has proposed to use the vapor of zinc as a

ober of inter-

^. l'< iu r fxliil.it 'ft.. tli«- Araduny of Si-iiMics, at its

ich 28, specimens of nickel and cobalt thus made, and also

7. Bromid ofpotassium, a powerful narcotic.—Bromid of potassium
after having been used as a remedy against diphtheria, photoph
has been proved to be a powerful narcotic. It produces its effects with-
out any cerebral congestion, and therefore without either pain in the
head or constipation, and it has therefore great advantages over opium.

8. Eleiiin i Wiu.rAM
An.r..s MrLi.Kii. M.D.. LLI>, etc. L'ait I. Chemical Physic*. From the

don edition. New York, John Wiley. 1864. 512 pp. 8 vo.

—

Wiley, of a portion of tl try, viz: that
tr< utii -r of Magnetism and Electricity. We are now glad to announce

Mice of the volume complete. It is considerably enlarged

above the first and second edition, both by including matter formerly

in the second volume and by important additions made neces-
s ;»\ from the progress of science. The subjects of Dialysis, Spectral
I n S i,- ll^at and 1 >iafh. in nicy of Gases and Vapors, and Heat

; with reference to the most recent

_ ment and lucid style,

I commends i

We look for the speedy completion
oi toe other volumes.

; by Dr. C. R. Fresen.
11 -

: r'n m th
i ;st English and German editions, edited L>v Prof. >a:;; ;:r.

W. Johnson of Yale College. 8vo, pp. 434. John Wiley, New York,
1864.—The i

• d fills a want which has

long been felt b\ . emists: for. n i tit n to the matter found in the

nns, it contains the properties of all the rarer elements, and

the alkaloids. Prof. Johnson has substituted the accurate and plain

I Bunsen, in place of

; !ete and erroneous colored spectrum-plate contained in the

s, and bas also added * the work

conplete to i.
!

.
. The value of this text-book is too

well recognized to be enlarged upon here; it has already passed through

by Mr. James Croll.—In a

most interesting
,

'.

X[„ , ,\u R a \] :xl t [leaf, by LV;'— .r Tyndall, read be-

fore the R ': that tne

period of heat-vibrations is not affected by the state of aggregat

the molecules of the heated body ; that is to say,

be in the gaseous, the lie,
the tendency

°f its molecules to vibrate according to a given period r

The force of cohesion binding the molecules together exercises

no effect on the rapidity of vibration.
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liquid or the solid state, it behaves in e::artly tit*- same manner. The
deeper question then snow— t.-d it.-.-lt". \\/„ : 'wliai is the nature of that

! ivst. rious motion a-uni .

, i
i , j , isi-t in

1 opinion among physicists that it does. But we
think that the experimental results arrived at by IW. Tvndall, as well

:

an opinion. The relation of an atom to its centre of equilibrium de-

pends entirely on the state of aggregation. Now if heat-vil rations eon-

-, •')- to and fro a< n^ tin se <•• litre-, th n tin

to be affected by the state of aggregation. The higher the tension of the

atom in regard to the cen! v, merit to be.

This is the case in regard to the v ,g wond. The
harder a body becomes, or, in other won 1

,,, the more firmly its molecules

are bound together, the higher is the pitch. Two.
equal force wi ,., h „,,,.,,, Imil ;, t [iey may differ

in the rapidity of their vibrations. The vis iriv

upon the force of the stroke
but upon the tension of the

; but the rapidity depends, not on the stroke,

That heat -vibrations do 1
i excursions of the molecules or

atoms across centres of eqililibrium follows l necessary conse-

quence from :he real specific hodv remains un-

changed un< s. All changes ific heat of a body
ifferences in the in molecular work

against coh«ssion or other forces hindinir th< • • enie.- together. Or, in

other words,
,
to produce in a body no other effect th

' ' '""
'

•

. .
';, , ... :.

fluid, or the gaseous condition, the same rise of U

the simple production of

ro across a centre of equilik
josed, then the real specific heat of a sol
'ecrease with the hardness of the body, b-

f the force binding the molecules tojreth
*vor the rise in the rapidity of the vibrations.
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by Mr. Baxendell,
in the Distribution of Temperature c

F.R.A.S.—Considerations arising out

i stare led
. some time ago, to regard it as highly probable that the light

ot the sun, and also its magnetic and heating powers, might be subject
tu ll! '' -r - ,,r l n i>' < i

]
i tf In imp than has |,ith.<rto been sup-

ss the ehang ,i by the greater

;
in shorter

j |„ the hope of de-

ad for ibis purpose lie

observations made at the Imperial Observatory of St. 1'. ;eis-

nave been made for any lengthened period. Commencing, therefore

-

1 )] m, lC them m Iei\ it was i

]

\ i , ?[

.

I in a table
-, an.l taking the means of the numbers in these e iumns,
- from the general mean for the year were found to be as

1
;

'
»ws, the unit of value being one division of the scale of the magnet-

ometer, or 26-3" of arc •
°

projection of these numbers shows that, of the

12 to 28, the amount of oscillation, or range <

'

;--
•
-

' i.
: ;

.

' :..-..

i above on one day on
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On proceeding to examine the observations for the succeeding years it

was found that they could not be represented by a period of 31 days. It

appeared, therefore, at first sight, thai bad been ob-

tained for 18-1 - \ i~ i \ :i , i ', guided partly by conclusions

of improbabi 1848 could be due to men
the author tvat ie period he had found for 1848 might

be variable, gradually diminishing for a series of years, and afterward

gradually ini gain when it had completi

of change. Assuming, therefore, that in every year periodic changes

took place in the magnetic activity of the sun, the author pr<

determine for each year the most probable approximate val

period, and he obtained a series of trail

when the period was only about 23 days, and afterward rapidly increas-

s. A glance at these re-

sults at once suggested the idea that the variable period thus found was

in some way connected with, and dependent upon, the great solar-spot

period, the mi num frequency

of the solar spots, and the maximum values in the years when the spots

indications of p iin.li. \\ < h m^ - in t!,r . 1. u nt f in. m d.uh t mp< i«»-

turo. and it was found that they exhibited, with unexpected i

variation being, however, somewhat less than in the case of the

element, although the til i ere almost ex-

31 and 23£ days.

A table is given showing the number of days included in maximum
and the minimum portions of each mean period for the years 1848 to

1859, and the number of exceptional days, or those on which
maximum part of the period the ten:

minimum part above, the mean value. From this table it appears that

out of a total number of 165 days of maximum, only 14 m
tional; and out of a total of 164|- days of minimum, the number of ex-

ceptional days was only 16. The mean gives a ratio almost exactly as

1 to 11. Considering that the values of the period in the different years

are only approxim ite, th s result may be regarded as afford

i

tory proof of the existence of a variable period of temperature; but a

comparison of the total amount of the differences of tempera
'•d^the am- nut of excc-pti, nal dirkrom-es wh

[ amount of 255-61° of plus differ-

..... only 8-17° of minus differences;

renew on minimum days, there were

•f plus differences, the >unt of excep-

irences to the total amount being therefore as 1 to 25'7.

'etereburg the average temperature of the warmer half of the

difference of t
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it must necessarily exercise a powerful modifying influence over many
meteorological phenomena.

values of the magnetic and the corresponding values of the temperature
period, it is remarked that, owing to occasional interruptions of the mag-
netical observations and to the enormous extent of the oscillations of the

Another period of change having a mean duration of rather over

eighteen mo :
. The author was first led to it from

m of the Greenwich magnetical observations for the years 1848
to 1859

; and it has been confirmed by the results of a discussion of tem-

perature observations made at Brussels in Europe, and at Yakoutsk in

Asia. It is obvious that this period will at times interfere see-

the shorter one, and it is probable that some of the cases which have
been called exceptional may be due to this interference.

As it may perhaps excit - rpris ti it in this investigation no use has

. it i* ivmub-,1 that >
- " <-' to show-

that in the early stages, at least, of an inquiry like the present, little or

no reliance could be "placed on results derived from series of observations

in whie.li e - i
I n t i \ s in t u\ were complete

blanks. It has, in fact, been found that the omission of a single day in

a year will in some eases produce a very sensible effect upon the final

results tor the magnetic period. Hence it is that the author regards

some of the values he has obtained for this period as being open to cor-

rection when he may have an opportu lore complete

sets of observ in his very elaborate disci

the magnetical observations made at the colonial observatories, separates

them as exti apparently that the two

rfanea of s are <lue to different

causes, T: . not ventured to adopt this mode of

proceeding, but has preferred to r.gard all t i nu-nts of the magnet,

. m having a common origin, and his discovery of

j
upon this view, may be regarded as

With regard to the probable cause of the variability of the short

period, the author remarks that the subject is one of great difficulty : tor.

while the facts seem clearly to belong to the domain of astronomical

science, he has found it impossible to frame any hypothesis to account

for them without calling in the aid of some principle which has nothith-

r

-

1st. That a ring of nebulous matt i
MjJ °.r con-

Lrts, or several masses of such matter forming a

discontinuous ring, circulating round the sun in a plane nearly coincident

with the plane of the ecliptic, and at a mean distance from the sun of

about one-sixth of the radius of the earth's orbit.
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2d. That the attractive force of the sun on the matter of this ring is

I by the operation of the for

produce the solar spots, being greatest at the times of minimum solar-

spot frequency, and least when the spots are most numerous.
3d. The attractive force being variable, the dimensions of the ring

and its period of revolution round the sun will also vary, their maximum
and minimum values occurring respectively at the times of maximum
and minimum solar-spot frequency.

In reference to the nature of the varying attractive force, it is not im-

probable that the matter of the supposed ring may be highly diamag-
netic, and being much nearer to the sun than any of the known planets,

of much greater bulk and lightness, and being subjected to a much
higher temp,

ite(j by the changes which
take place in the magnetic condition of the sun ; and when interposed

between the earth and the sun, it may act not only by reflecting and ab-

sorbing a portion of the light and heat which would otherwise reach the

earth, but also by altering the direction of the lines of magnetic force.

The changes of temperature at the surface of the earth will thus be due

partly to differences in the amount of heat received from the sun, and

partly to changes in the movements of the great currents of the air pro-

duced by alterations in the earth's magnetic condition. If the larger

part of the difference of temperature is due to the latter mode of action,

we might expect that d
'

ration of the wind at any g.ven s

tnat during the cooler half; and also, that the epochs
minimum temperature would not be the same at all parts of the earth's

surface. Both of these conclusions are borne out by the results given in

the paper. Thus at St. 1 ,,. mean direction of the

wind on maximum days was S. 54° W., and on minimum days S. 73
3 W.

or 19° more to the west of South ; and at Sitka, on the northwest coast

S. 32° W., and on mini a M being 24*.

it may be stated, that in 1859 the epoch of maximum at St. Petersburg

- :,

Pekin, in 1851, the epoch of minimum was exactly coincident with

'

•

duce the variations of temperature , nation, would

are found to tako place. We mav
-

neticandbut-, _ _. [H ,.

greater range of variation of the magnetic, as

•'-''.-
: - " '

. '
". '..-

'*::: r: -
:

-
'

' '
•

"-....
will act wuh greatest effect when the magnetic period is at its minimum,
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while on the other hand the elasticity will be most effective when thia
period is at its maxim im, the result will be a range of variation of the

k! test than that of the magnetic.
Adopting, for the present, the maximum and minimum values of the

temperature period . _ : accuracy than those
of the magnetic period, the greatest ami least values of the sidereal
uriod of revolution of the ring will be 2 12 an 22-08 days respect-
ely. From these numbers we find that
ig from the sun n 0-185, the radius of th orbit being taken aa

9. Taking Mr. Hind's

un, namely, 91,328,-

Greatest distance of the ring= 16.921. 300 miles.

Least 14.00S
Mean

d the range of ra ivemeni to and fro in a radial , rection = 2,853,000
lea. The greates the ring being taken
unity, the least w ill be 0-691. The diffe enee is therefore nearly one-

. ussion of the probable mass of the

t it could not be concentrated in a

I of a ring of small bodies similar to

and it is remarkable that the mean distance, which he seemed to regard
*a the most

|

author has found for the
ring of nebu ;istence he has assumed to account for
l»e phenomena described in Ins paper. This unexpected and unlooked-
*''_ -,.- '

• •:;•.
methods so totally different, seem> to est >

:

iish the existence of this ring

-_\, u the results of tb< profound researches
of Adams and L-wui: , -\'t i->d the existence of Neptune before that

planet had been actually seen. This ring, however. ..wing to its prox-

sun, may never be seen, and, like the dark companions of
fWyon and Sirius, it may only be known to us through its a

*en confirmed by the results of an investigation of magnetical and i

eorological phenomena. Whether, however, the hypothesis which
•uthor has ventured to put foi : not, it is now v

vident that observations of solar phenomena merit a much larger SB

t attenti on th 11 ted to them. It has long b



must in some way have an important influence on the phenomena of our

own atmosphere. The facts now given convert this suspicion into a cer-

tainty ; and it is perhaps not too much to say that meteorology can

never take rank as a true science while our knowledge of the sun remains

in its present imperfect state. Moreover, there is little doubt that many
questions of h upon our ob-

taining a more intimate acquaintance than we yet possess with the opera-

tions which are going on in the great centre of our system. It is there-

fore much to be desired that some of the many observatories

now established in various parts of the world should be specially devoted

to observations of the sun, and of solar phenomena general iy ;

the principal magnetical and meteorological elements should be observed

|

;ion, at all the regular magnetical and meteoro-

logical observatories.

It may be stated that the values of the variable-temperature period,

j Novo-Petn i, Brussels, Gr<

wich; Jakobshavn, in Greenland; and Sitka, on the north v.

North America. The comparison of the variable-temperature period

with the solar-spot period extends over the twenty-seven years, 1833-59,

and therefore includes three maxima and three minima of solar-spot fre-

quency.—Proceedings Manchester Lit. and Phil. Soc, March 8, 1864.

II. MINERALOGY AND GEOLOGY.

1. Analyses of Swedish and Norwegian Minerals ; by J. A. Michael-

son.—(1.) Radiolite.— Specimens of . in the zircon-

syenite at Brevig (Norway), and coll - the author,

had a flesh-red color, a radiated structure, and but a feeble lustre. H.= 5.

G.=2-22. In the closed tube gave water, and B.B. fused to a white

opaline glass. Decomposed by acids. Composition :

(2.) Schefferite: a supposed new variety of Pyroxene.—Schefferite
oc-

curs at Langbanshytta. Color, reddish-brown. H.= 5*5. G.= 3'39.

B.B. fuses slowly to a black glass. With borax and salt of
|

gives an amethystine bead in the outer flame, becoming coIoj

reducing flame; with salt of phosphorus leaves a skeleton

Fused with soda yields a green bead. Treated with chlon

evolves chlorine, and effects a partial decomposition of the mineral. Com-

position :
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cydation of the iron and manganese are not trustworthy, tor
it the mineral evolves chlorine, on treatment with oh ioi li \

. hie ae'id, it

..in one of the higher oxy.l- igh only prot-

ntioned in the analysis. Michaelson determined the amount
of protoxyd of iron by titration after fusion of the mineral with borax,
and subsequent solution of it in chlorhydric arid in the pre>em-e of an

of carbonic acid. But the solution of a mineral

\v<:l of manganese with pr< nily oxydizes

» portion of the iron, at the expense of the oxygen of the oxyd of man-
ganese, even though the atmospheric air be excluded, consequently the
amount of sesquioxyd of iron given in the analysis must be itu-orreot,

and it is pos of iron. It

may be considered a slightly altered manganesian pyroxene, and it would
seem, therefore, that the new name is superfluous.

—

g. j. b.]

(3.) Hedyphane.—Hedyphane, from Langbanshytta, has a grayish-
white color,

i . is translucent, and has a greasy

ftues easily to a white enamel, and on

tlent to n-to PbCl, 2-02 P\ 28-51 Ss, 48-13 Pb, 10-50 Ca, giving
the formula PbCl+SftPb.Ca^ls.P)].

(4.) Orthite-Wce mineral from Aaro near Brevig.—This dark-brown

ith melinophane. It has a vitreous lustre on the

.nsparent to translucent. Hardness,
between 3 and 4. G.=3-44. Not crystallized. Composition :

! Si Ce La.™ v Se £l 2r Ve Ca &e Sa fl

2. Kokscharovite.—Hermann has further investigated kok-

r. the coarse powder was separated from adhering

me chlorhvdrie acid.

The mineral thus purified was in crystalline fragments of a

color, withu m the edges. G.=2-97.
fo th , 1, wed tube, gave only traces of water. B.B., in the for.

easily to a white translucent pearl, coloring the flame yellow ;
with borax,

gave a clear colorless glass. Composition :

Si XI Fe Ca ft* % *• Iga
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ta mineral, as has already been stated in this Journal ([2],

oxygen ratio of these to the bases is 2-98 to 1, differing

very materially from all of the aluminous hornblendes and
. Rammelsix rg, and requiring a portion of alumina to be

basic in order to be included under the general formula (£ 3K)'Si 2
.

—

Jour,

prakt. Chem., lxxxviii, 197. o. J. B.

3. Samarskile.—Finkener has found that samarskite cci.:

nia and thorina, both of these substances having
previous an:. Btreonia and 605 thorina.—H. Rose in Ber. Preuss. Akad., Nov., 1862. o. J. b.

4. Kupfferite.—Kupfferite is fi uu a «\ iphite mine in the Tunkinsk

M ttnUi », and was named by Kokscharow in honor of the eminent

physicist Kupffer. It has the form of actinolite, and is remarkable from

lineral has been obtained

by Hermann from the Ilmen Mountains ; it occurs in granite, forming an

aggregate of te planes of which have an angle of

124° 15'. Cleavage prismatic. Color of the crystals emel
when fresh, but on exposure weathering to a brownish color. In thin

splinters, translucent. Lustre, vitreous. H.=5-5. G— 3-08. In the

closed tube, gives traces of water, but is otherwise unchanged. B.B., in

the forceps, becomes opaque and white, but is infusible. Dissolves in

borax, giving a chrome-green glass. Composition :

Si «r fti te Ca Hg fc.&a Ign.
57-46 1-21 065 605 294 30 88 tr 0-81=10000

Oxygen, 2985 0-38 014 1-34 083 12-03

This gives the oxygen ratio of bases to silica 1 : 2*02, which is almost

that of pyroxene, while the I .
Hermann

hat the presence of oxyd of mineral to ba

considered a distinct upec

;

large amount
of magnesia. , be looked upon as an ensiatite with

the form of hornblende.—Jour. prakt. Chem., lxxxviii, 195. o. J. b.

5. Planerite, a new , a described a new phos-

phate from Gumesehefsk in the Urals. It res
mode of occurrence and also in composition. It

hin botryoidal coating. Color olive-green

darker color being due to superficial oxydation of

the iron. Structure erj •

. and on the

greenish-white. H.=5. G.=265. In the closed tube, decrepitates

and gives off much water. In borax fuses <*M
copper. Acids attack tii. m *rsl mlv impprtW-thC but "it is easily dis-

solved on boi i:lck residue consisting of

the oxyds of copper and iron. Analysis gave

:

Oxygen. 19 02 1750 0-78 0-75 18 60

Hermann makes the formula 4(5ls£*+9fl)+8(6u, te)l
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6. Forcherite.—The name Forcherite has been given bv Auhhorn to a
yellow opal found in gneiss at Reittelfeld in Styria. An' examination by

proved the mineral to be b iored yellow

1. Garnet.—PisANr has analyzed the octahedral garnet from Elba,
it occurs associated with chlorite and yellow epidote in octahedral crya-

two to five millimetres in diameter, of a honey-yellow color.
Hardness, somewhat greater than quartz. B.B., fuses to a" black enamel.
In the spectr. -

l a . Slowlv decomposed
acid, but more rapidly when the mineral is previously

ignited. Composition

:

39
§
33 iSl It

^ t

This is nearly the same c

216; Jour. pr. Chem., lxx

.
8. Native zinc.—Vmpsos has described the <

in a basalt from Brunswick iwnr :Melbourne in Australia. A specimen
of this zinc was exhibited at the London Exhibition of 1862.— Comptes
Rendus, lv, 218.

'•*. Esmarkite.—A so-called esmarkite from Norway, analyzed by Pi-

from Meift<

diatom deposit from neai

Upper layer, Bilin. 2. Lower layer, Bilin. 3. Meisters-

Franzensbad.

'

^°- 1 is the "tripoli" or polishing powder; it has a density of 1-862,

absorbs water rapidly, taking up about l£ times its weight," and splits

into thj n plates. Density of No. 2 equal 1944; it is harder than No. 1,

and not used for polishing. None of these infusorial earths scratch glass.

Tne total amount of nitrogen contained in No. 4 was 0-401 p. c.—Jour.
Prakt. Chem., xc, 467. <>• > b.

11. On a cavern icith human remains in the Pyrenees ; by Messrs.

F-Garhicoi- and L. Martin-.—The cavern which has been explored re-

cently by Messrs. Garrigou and Martin, is one called Espelugues, situated
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nnales des Sciences Natu-
lelles. Messrs. Garrigou and Martin add many interesting facts to those

' Within the cavern, toward the entrance of the great hall, there are

great nun,'., i 3 „i !a _r„ t>] U , i ,,ii -t n m _:>_;. . upon a bed of

-ties. Among these block- r base, are

Jieaps of cinders and charcoal, some fragments of which occur at differ-

4 the cavern. Bones, jaws, and teeth

from the lower part of the

deposit. The surface layers of the deposit, which had been already

turned up, afforded us only rare fragments, and these, before &
our second day's examination, we carefully Jaid aside for separate study.

of cut flints, bones, and horns of various stags, worked and

ito the form of instruments and weapons, and some carved

bones, lay in confusion along with the ashes and coal. Some of these

remains were from the upper level of the deposit already worked.
We shall describe first the relics in the upper layer, explored before us

by Milne Edwards, and then those of the lowei st i ata. U nv, examined by us.

(1.) Upper layer.—We cannot do better, in giving the list of the

Mammals found in the upper portion of the deposit, than to repeat what
'"

i by Alphonse Milne Edwards.
'

'

id Boar, Stag, Chamois

, Aurochs, Ox, Mole, Field Mouse, a

this list, a Goat smaller than the Bouquetin and larger than the Chamois,

and a Sheep of the size of the Goat.
The bones of all these animals are broken like those of the Kjoekken-

modding of Denmark, of the lake habitations of Switzerland, and of the

caverns, of the age of stone, of Ariege.

Among these paleontological fragments, seme, on careful ex

practice during the period under consideration.

Among the broken bones of the surface, some had evidently been at-

tacked by Rodents. Near by were others bearing marks of the teeth of

a Carnivore (a dog, beyond doubt).
Among the debris "that we have ourselves examined, we collected,

twenty centimetres below the surface, a small fragment of a rib of a

bearing a sculptured design of fine finish, and differing in this

respect from objects of the same kind found at Bruniquel and in the

caves of Perigord. The sculpturing is a portion of a larger design whose

signification we can not give. An autenna of an insect, however, seems

to be represented by one of the principal markings in the drawing.
We will conclude what we have to say of the

3

upper part of the cav-

ern deposit (a complete description of which is given by Alph. Milne

Edwards), by saying that the specimens collected in this part seem more
fresh, less altered, and less colored than those of the lower layers. This
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(2.) Lower layers.—The list of animals found in the lower beds of tho
Sera a little from the preceding. We notice the Horse, tho

common Stag, the Reindeer, the Aurochs, an Ox smaller than the Au-
rochs but larger than that found in the upper beds, the Bouquetin, a
large Sheep, two Rodents, and some bones of birds. The teeth of the
Horse are more abundant than those of the Ox or Reindeer, but the
bones of the Reindeer are more numerous than those of other J:

All these bones are broken like those which are found in caves inhab-
ited by man ; the heads of the bones alone are entire.

While the bones of the surface are grayish white externally, those of
part of the deposit are colored red, as at Bruniquel, Lyzies,

May-d'Azil, and Izeste. The former do not adhere to the tongue, and
ontain gelatine, while the latter adhere to the tongue and

contain no gelatine. In order to be sure as to the gelatine, we burned
two fragments of bone on live charcoal ; that taken from the surface
?.$-.. : 1 almost immedia.telv an insupportable empyreumatic odor, and
the oth er, taken i odor at all.

Throughou .of the bed examined
pebbles at the si ! found, along with the bow
flints, and also in:

..'.-.
. I bone. ur hundred rl

Ui n •.

- k1 coarsely so, were turned out. These may be classified

(1) Knives; (2) scrapers; (3) arrow heads roughly hewn, and some-
times having the lower extremity long for attachment to a handle

; (4)
l hatchets of small size, but of the

ivium of Abbeville and Amiens;
|

divided tail. The skill of

before mentioned.

The wrought objects may be divided into two categories : those coarsely

bought, and those of more finish. The collection of objects is very
closely like that of the grotto of Izeste (Basses Pyrenees).

> that the inhabit"--*'

posits of Lourdes, and those of

degree of civilization nearly equal to, and yet a little below, that of the

occupants of the caverns of Perigord, Bruniquel, etc.

From a n . plain that the age of the upper layers

of the deposit in the cavern of Lourdes is not the same as that of the lower.

Our examination of the bones collected by us from the upper beds,

leads to the same result that has been announced by Alph. Milne

Edwards, after his investigations with Mr. Lartet. We conclude from
the presence of the Aurochs, the existence of domestic animals, the dis-

covery of bones gnawed by dogs, the almost complete preservation of
lhe gelatine in the bones and their deeper color, and by the discovery of

* bone finely sculptured, that the upper beds belong to an age more re-

cent than that of the lower beds. This we would call, as done by Messrs.
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Edwards and Lartet, the age of the Aurochs, with which Man was con-

temporary.

As to the lower beds, it is evident to us, from the abundant remains of

the Reindeer, nties of its horns; from the eowiMiC
of its wrougl from the red-

ui-ii brown ooloi i 1 the bones, and from the -

to the tongue, that they pertain to an ep
,-. k was the age of the Reindeer, parallel with that which

we have dialing the grotto of Izeste.

The cave of Lourdes has thus afforded the first example of the direct

} Quaternary or Post-tertiary period—such as they have been in.li-

cated by on: —Vlnstilut,

MayU.
12. On further discoveries of Flint Implements and Fossil Mam-

malia; by J. Wtatt, Esq., F.G.S.—The opening of a section at Sum-
merhouse Hill gave the author &n
''

- ' '
' -

1

of the upper level at Biddenham. Although, a- might have been expect-

two localities, yet that under notice ra f mammals,
as well as of -]', a few types of flint

"'

ing that it tended to support Mr. Presl
"

, :

recently found, comparing tbem with km \\ n m>- 1 1« n-. from the Valley

Mag., [4], xxvii, 544.
b

13. On. some recent du
m Hants and Wilts; by John Evans. E>.p, F.G.S.. etc.—I
ments having recently been found on th.- -,-a-honj about midway be-

tween Southampton and Gosport, bv Mr. .! mi - I- >. :: ... Salisbury, and

also at Fish, • that pitt*
':•'•-:

gave the results of his observations in this paper.
After describing the implements from near Southampton,

shown that
| ib i

im-

posing the gravel capping the adjacent cliff, Mr. Evans proceeded to re-

view the evidence of the great antiqu which rested

mainly on u ., \fee those of Reculver,

tile origin, although n

inner the author then the Fisherton i

and the gnu v were obtained. The re!;.

high-level g- . oplementa were found) to the lower-

level gravels of the valley of the Avon v. „ ...-v. i
- .--. i. and the geo-

. .

: - • •- - ...-. .-:
. . ,. ..

. :
..

.

.. -
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being also given. Mr. Evans came to the conclusion that the fossils bore
that the climate, at the time when they were deposited, was

"<
?

I ^
f " i . -.—PI- ' Vu [4|, xxvii, 544.

14. Lake-dwellings or Pfahlbauten in Bavaria.—Ancient lake-dwell-

varia in the Sternberg Lake.
15. On some Bone- and Cave-deposits of

south of France ; by Mr. John
"

the author particularly called a

have been, and are still being, exploit: f Mr. Lartet
and Mr. Christy, and which were visited by him under the guidance of
the latter gentleman, and accompanied hv Mr. liair.i ;. •

. Professor Ru-
pert Jones, Captain Gallon, Mr. Lubbock and Mr. Franks. Mr. Evans
' "' -

' -.•-•:"
the Vezere, and of the contents of the caverns of Badegoule, Le Ifow
tier, La Madeleine, Laugerie-Haute, Laugerie-Basse, the Gorge d'Enfer,
and Les Eyzies, giving a list of the animal remains discovered, which
are, for the most part, of the same species from all the caverns. The
author then discussed the antiquity of the deposits according to four
methods of inquiry—namely, from geological conoid, it n- v hi jvd
to the character and position of the caves, from the paleontological evi-
dence of the remains found in them, from the archeological character of

. and from a comparison with similar

they belonged to a period subsequent to that of the Elephas

Inus, but characterized by the pres-
ence of the reindeer and some other animals now extinct in that part of
Europe.—Proc. Geol. Soc, m The Header, July 2.

16. On the Cavern of Bruniquel, and the Human Remains found
* "~ein; by Professor Owen.—Professor Owen minutely details the cir-

r which these discoveries were made ; and states that

hich they are associated together with the flint and

the time of interment, by the chemical

n of the human bones, corresponding with that of the other
animal remains, and by the similarity of their position and relations in

Among the principal remains of the men of the flint period

•% the follow i cranium, with several

•wer parts of heir matrix

been interred in a crouching posture,
and that, after decomposition and dissolution of the soft parts

Mit weight; (2) an almost entire cal-

ribed and compared with different types of the

ill, which Professor Owen shows to be superior in form and

_.

"
\ . . .

'
. . . ;. ...-;-.'--;-•.;

:
'-- "

Retype,
j ihortei than' the modern Celtic and
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ie form exhibited by the Celtic cranium from Engis, Switzerland; (3)

iws and teetli i
• -nt ages.

After noticing other smaller portions of human crania, the lower jaw

nd teeth of an adult, the upper and lower jaws of immature individual*

re described, the characters of certain deciduous teeth being referred to.

Ihe proportions ot the molars are not those ot the Australian, but ot

other races, and especially those of ancient and modern Europeans. As

in most primitive or early races in which mastication was little helped

by arts of cookery, or by various and refined kinds of food, the crowns

of the molars, especially of ml, are worn down, beyond the enamel, flat

and smooth to the stumps, exposing there a central tract of osteodentiue

without any signs of decay.

The paper was illustrated by a view and plans of the cavern, and by

IBS, and of two implements of bone

the Viscomte de Lastic had discovered, on removal of the brec-

cia, outline figures of the head of :

i to the Editors of "The Reader,"
July 16, 1864.)—On the 30th of January last you afforded me an op-

portunity of st t ". r. tli . rcumsLun ol the discovery by Capt. Brome,

Governor of the Military Prison at Gibraltar, of a cavern, or rather a

series of caverns and fissures, on Windmill Hill in that place. I also

stated that Captain Brome had forwarded, some time before, a very large

were in course of examination by Dr. Falconer and myself. Since then,

we have received from the same gentleman a second very larg

ment of similar remains from the same locality, and which, like the

former, were packed, arranged, and ticketed with the greatest care and

.ion. Still more recently, Captain Sayer (the author of the

latest History of Gibraltar) has brought over for us some human and

other remains from a different place, about 200 feet lower down than the

Windmill Hill Flats. These remains, as we understand from Capfria

Sayer, were procured some years since by Sir James Cochrane ft< hi a

very deep and till then unexplored cavern, the entrance of which > »
his own garden. And again, within the last few days, we have been fur-

nished with additional human and other bones from Captain Brome;

but we are as yet uninformed as to the precise local

red. We have also received from Mr. Mawe two portions of

bone-breccia containing a considerable number
which the most important is a large portion of the plastron of a species

of tortoise. Captain Douglas Galton has also communicated to us two

large fragments of ossiferous breccia procured from Camp Bay, close to

In my former communication I gave a rou<rh list of the chi

whose bones were contained in the first collection sent by Cap*
and referred to some great > in many of the human
bones. The second collection forwarded by the same gentlema

-

:
:
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IB for the proper identification of many of the species. The human re-

atained in the second collection were, as in the pi

rv condition,

the crania. In the two collections we 'have noaily
400 fragments of skulls, most of the fragments very small, and nearly

I have as yel g up no more than' about half of the

idual and smaller portions of three or four others.
Init tin: larger specimen thus constructed suffices in some measure to give
an idea of the general contour and size, &c, of the skull when entire ;

and lower jaw-bones, this cranium and the other less complete specimens
anord an insight into the cranial conformation of some of the human

existing on the Rock of Gibraltar. One conclusion that we
were inclined to adopt, as I stated before, was that the lower jaws, at

' '.

t some of the other bones

is. Among
the numerous leg and thigh bones, belonging, as near as I can estimate,
to 35 or 36 individuals, are many so Angular and, as it may almost be
s'"u, so monstrous in their form as to have excited the astonishment of
all anatomists who have beheld them. Notwithstanding diligent search

. we have as yet been unable to meet with, or hear of, any
- in collections iii this country, although in Paris, through

B v and Lartet, Dr. Falconer, on a
' ltfJ visit to that citv, was put in possession, for the purpose of compari-

l
iria and one from Laugerie, in the valley of the

•

Tie, aptaiu Saver from the lower, <

. perh-ct, except that the Sower jaw properly belonging to

placed bj i ne of a I

we are con-

sequently unable to determine the character of that highly important

bone. The > f the hones v> ih whi. h it was ac-

companied, « l( , encased in a ver\ hard grav stalagmiti< ( rust, in some

1
iiu -, ntly the result of very long and slow

deposition. But when this was removed, the bone stood out as fresh to

a!l appearance as if it had been carefully macerated and cleaned. It is

.,.; but we have not yet k> ciiti-

.

of extreme interest, from its being associated with several leg bones pre-

ting the peculiar compressed form above adverted to, and among
wl ch one, from t le condition of the bone -

probably belongs

We thus appear to be fu e to the

?
' or -platyonemk race—

a
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But by far the most impovtant addition to the human rei

ntamed ,u the la-t onti thm just received from my
i,

:

sides several quadrt*

pedal bones, the greater part of a human cranium, and a lower jaw not be-

longing to it. ! .it u i
-

i > i ssctitial i uiars. in. cl-

ing its great thickn ss, the i'ar-fann 1 Neand ith I skull; but, in many

inasmuch as it retains the entire o. _ the hinder

margin of the foramen magnum, great part of the base, the whole of

o!' the mi h and em ous!\ w ,n t. tl A- it is pre. - \ these parts

value of this craoiua
in the study or pri.scan man can not be rated too high. Its discovery

also adds immensely to the scientific value of the N

erto supposed, a mere iu.'i iimt it may have i»-en

•..'. of a race extending from the Rhine to tin f'iflars ot Her-

cules : for, whatever may have been the case on the banks of the Diissel,

even Professor Mayer will hardly suppose that a rickety Cossack engaged

apaign of 1814 had crept into a sealed fissure in the Rock of

As this cranium will shortly, I hope, be fully described and figured, I

will not now enter into any further particulars concerning it, more than

simply to remark that, in several respects, owing peril tps to its greater

-
:;;i

even the Neandeithal .• iU mum p ,-'

, and that, iioin tin- mmeial
•'-<• ho,,e itself, apait 'from u, inttin.Me characters of form,

there can be no doubt of it- . nomious anii.mity. The other bones also

sent with it. and obviuu.-d\ taken from the same locality, though not

occur very abundantly
•'

the oldest breccia, in

which are also contained those of at least one, if not of two, wholly ex-

tinct species of Rhinoceros, and of sev. ... arc extinct,

so far as Europe is concerned.—The Reader, July 23.
18. On the Rhaetic Beds and White Lias of Western and Central

Somerset, and on the Discovery of a new Fossil Mammal in tl* : <!/

Marlstones beneath the Bone-bed; bv Mr. W. Boyd Dawmjs.—h**
5 'he sections in the district, and showing the paleontological

relations of the White Lias to the A and the zone

;

(1) That the true posit!, lv above the

'a zone or L'r. \Y, _..-, and at the 1 ise f
'

shales; (2)
-

.. iithologicallf

;,:. :;.-• _ , "^.
. .

.
;

-

I, that the latter belong to the Rb*tic

He then proceeded to describe a two-fanged mammalian
n he had found in the Gray Marlstones below the Bone-bed,
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premolar of Rypsiprymnus of the section to which II. Hunteri belongs,
ins be found, its affinities to Microlestes or Playiau-

hx can not be determined ; Mr. Dawkins h -, hue, named it provis-

Rfueticus. In roiidusiui , he traced the range
-.-. sLuwino' that, of ll,e six families

b VanderHoeven divides the existing Marsupials, two—the
_'"iis and sarcophagous Dasyrurina, and the phytophagous

Macropoda—had been represented in England during the interval be-
tween the deposition of the Purbeck beds and that oAhe Rhtetic Mail-
stones below the Bone-bed.—Proc. Roy. Soc, in The Header, June 18.

19. Mesozoic Mammals.—The announcement that Mr. Boyd Dawkina
logical Survey had discovered a tooth of a small mammal

le kangaroo in the Rhcetic beds of Watchet has attracted dur-
• fortnight much attention among paleontologists. At the

ire the description of the specimen was read, the
greatest possible interest was excited; and, although there mav be a
Quotas to tli,- precise family of Mar.uj.iai> to v. !, L-h the new Hypsi-

Rhceticus Dawkins, can be referred—whether, in point of tact,

be nearer allied to the M (best known
to Englishmen through the researches ot M . < hai s M : ,,-)—there can
be no doubt whatever of the interest to he attached to the discovery now
made. A retrospect of our present know a, .,; >,,, iai\ M run i a

at Atist < iirl .!, i, »uce>tei-.~!,ire. ail'ord u- evidei e of the diminutive

in the X. Carolina coal-field we have Dr. Emmons's Droma-
of Dr. Fal-

coner, one of the most remarkable and aberrant forms, dissimilar in its

i t .i! to n i kn v ii in ii m - , extinct or existing, unless

{"-"sibiy th lie ternate division of its tooth-cusps
•

•.the Ai/>jJfiltsft,s BroJiripk, and the Phascolotherium
• ...

u
l'

i» the I'lirheck series the n.-w Mamma t are so numerous that it

nature to discuss the whole nature of the evidences which
'-•

... d Prof. Owen. Such forma as P/oi

• Whether

the Playiaulax by the analogy of Hylacoleo, and consider
11 t" have bee,, caimvorous. ..V by t ities vhich it undoubtedly
; -"- :. ,-__ /.'

^

...--_' :'- ::-.-,

°r whether we compare it, for example, with such torrns as the pigmy

*0. On the transitions between the subdh
" England; by Prof. A. C. Ramsay, F.R.S., etc.—Mr.
idress delivered at the recent anniversary meeting of

* Lias and Ool . general conclusi



286 Scientific Intelligence.

"The greater inferences that may be drawn from this general survey of

the phenomena are:

—

1. That there are 13 species common to the uppermost part of the

Upper Lias and the Oolite. The break is by no means complete.

2. That progressively, from the lowest to the highest Oolitic forma-

tions, large percentages of species pass upward without any approach to

a total break either in the whole or in individual groups, excepting in the

instance of the Oephalopoda of the Inferior and the Great Oolite.

appear in a higher one, and the principle of migration and return is thus

established.

4. That, bo ttion and passage of species,

perhaps be safely inferred that between the lowest and the hig

peared altogether, so greatly are their

numbers diminished in the higher strata.

5. It seems not unlikely that, notwithstanding the large community of

species, the su s is not unbroken by minor

gaps unrepresented by strata, of the kind explained in my last a«l Ires*.

We are aided in this conclusion by a consideration of the physical condi-

tions under which the Oolitic rocks pr

;;j;;;

can be sabdu two »»«
•

1 1 \ its o vii fossils, Jisapl ar.

and the Rag- .iirectiy upon the Lias,

apparently as conformably as if it formed its true and immediate sue

- Mid raif-

stones (the lower beds being absent) lie directly on the exceed

ve of the Upper Lias. In Dorsetshire, on the eoast,

is again perfect, though thin. Near Chipping Norton, in Ox
the Inferior Oolite disappears altogether, and ti

first overlapped the Fuller's E jses across tl a' Oolite, and

in its turn seems to lie on th. Upper Lias w a ive itv as poi

on anywhere in the n<
g

in them. I"

Yorkshire, the changed type of the Inferior Oolite, the
;

no doubt of th irfaces < n wl u b tl

and all these phenomena lead to the e .m-hi-ion that vari • i-

: level took plae,- , n the Ihitidi ar-a during ti.

of the strata both of the Inferior Oolite and of the formations that mi-

- icceed it.

Again, neai rlsliire, the Cornbrash and
rock are both absent, and the Oxford clay was pointed out to me by Mr.

Howell, renting on the great

Oolite. The : is confessed

by all.
.

It is probe is of level that these phenomeua indi-

cate may be intimately connected with the loss of old, and :
ance of new, species in our area : foi it s certain that appai
> IB the lying on the Upper Lias, is

ceptive, and is in it>e f no p >>it \-'
j to : . . direct sequence; and it is



Mineralogy and Geology.

ing gaps in the regular sequence of formations, of
some of which we may have no traces remaining, many oh!
out or changed, and new ones, at intervals, migrated hither. At the
same time, it is clear that the breaks in succession iu these Mesozoic

at in magnitude from those of the Paleozoic age
that were accompanied by total unconformity." 1

Mr. Ramsay, in his ad.'lre^, , u v , ,, s j,l ; the Purbeck and Wealden
strata, his remarks on which he commences as follows:
"We now come to a period in the geological history of the British

marine Mesozoic rocks in which, though not accompanied by much ap-

' series. I allude to the total change
of species tha i ., f the marine Cretaceous formations.

lhat this break in paleontological succession was accompanied by an
lapse of time, is proved by the presence of the Purbeck and

n tli. ' »<-!itic m 1 (Vet .--oiis series; and, but

an
-
the Cretaceous to the Oolitic rocks, that, unlike some-

ie Ooiue strata
j

vioiis t (Vet; >us period, no
very obvious hint of the enormous lapse of time that lay between the
two great marine periods.

21. On thi ' of England, and their

Scotland ; by Sir R. 1. Mvhciiison. K.C.B., etc., and Pro-
V--r K. 11 vi;kn!:-s, F.K.S., F.G.S.— Fn this paper the authors propounded
a new view of the composition of the Permian Group in the northwest

. and, by the consequent re-arrangement of the rocks involved

led to place the Permian
M Of tfa •

. i ..Mi. nt
ot Europe. This new feature in British classification is the bh

count of red sandstone in the northwestern counties to the

nod, and its removal from the New Red Sandstone, or Trias-
fennation, to which they have hitherto been assigned in all geological

nan Limestone, or its equivalent, and
itural upper limit of the Paleozoic deposits. They affirmed

1

"' tripartite arrangement of the Permian rocks holds good in

\ Cumberland, and Lancashire, and that the three subdi-

. shown •'. Sil K. I. Murchison
• Permian deposits of Gen thus proving

bility of the term Dyas to this group of rocks.

The difference in lithological details of the Permian rocks of the north-
rest of England from those on the opposite side of the Pennine chain,

d to : and it was observed that, with so vast a dissimi-

I, we need not be sur-

ies iu these protean deposits when
>Howed into Germany and Russia.
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The discovery, by Professor Harkness, in the central member of this

-- identical

in the Marl-

slate of the Magnesian Limestone of Durham, was given as a strong

proof of the con ' conclusions.

The compa ©us rocks, and the evidence of power-

in Germany ; but proofs are

>w that the hematite of Cu
and Lancashire was formed in the early accumulation of the Permian

In describing ent members of the Permian group of

the northwest of England lownward and upward

limit of the strata which have undergone dolomiti:

tain bands of calcareous brec< ia (the " lum-knim " of the nativ< >). whi' h

occur in the central portion of the series, contain much mag
lower breccias, composed of the same mountain-limestone fragin

no trace of it; ited in the upper member, pr St. Bee's

Sandstone.—Phil. Mag., [4], xxvii, 542.

22. On the Reptiliferous Rocks and Footprint Strata of the Northeast

of Scotland; by Professor Harkness, F.R.SS. L. & E—The author

showed that the foot-print sandstone ,.f l:..— iiir.- .,«iii-titute the upper

portion of the Old Red Sandstone formation, and that the strata em-

braced in a line of section from the Nigg to Cambus Shandvvick, from

above the gneiss to the foot-print sandstones of Tarbet-ness inc

conformable throughout, and are refei

of the Old Red Sandstone—namelv, the <-, n rj, lllvl;ttt > •

i

stones (of a thickness of
?

to the Lower Old Red
-

thodes, and thus referable to the Middle Old Red ; thirdlv, <•

strata, consisting of congl* r sandstones,

appertaining to the higher members of the system. The t

sandstones have a diickness of 400 feet, and represent the reptiliferous

, though not overlaid by Cornstones, as in

trie* The author, in cone though Stop**
idecidedly Tele*

Mesozoic group of rocks; for Mastodontosaurice, which abound

in the Trias, occur in the Coal-r,

shows us that Teleosaurian crocod

stratigraphical evict

ivider geological range, s

they are met with in the Old Red Sandstone.—Proc. Geol.

The Reader, July 9.

23. Coal in lw;v//,y._ 1 >,-. >;.;|.-.\, VXi who has been several months in

iteof 100 square leagues

on the banks of the river Tocuyo, In- i by the last

steamer. Whilst exploring the valley of the Tocuyo he has

discovered what may prove of the utmost importance to the railway9

3
- ;

-
-

beds, the coal l>. inj: v du -
1 in L \ . i n, and re-

sembling the best Welsh stcara coal. lira i* .»
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natural wealth
; in it are situated some

.— „. the world—those of Aroa, to which an
English company is now making a railroad, sixty miles in length, ten of
which have already been finished. The soil is of extreme fertility, andmahogany and other precious woods abound.—Reader, No. 74, May 28,

24
- 0n the Geology of Arisaiy, Nova Scotia; by the Rev. D. Hokkt-

man, F.G.S.—A careful examination of the country in the neighborhood
nabled the author to coi and a map

showing the geological constitution of the district. Two of these sec-
tions were nearly parallel to one another, running from N. to S., and
taken some distance apart, while the third was nearly at right angles to
toe other two

; thus a tolerably accurate idea of the geology of the coun-
try could be obtained. The author described each of these

—

—

detail, giving
"

Upper
justified the adopt i-. . ,,f these Xova-Scotian Si...,,.,,..
ot the terras May-hill, Lower Ludlow, Aymestrv, m
and thud of which had been used for them previously by \

Besule Silurian rocks, there occurs in the west!
conglomerate of Lower Carbonilerous age, whik
north and south.—L. E. and D. Phil. Mag., [4], xx'viii, 74.

III. BOTANY AND ZOOLOGY.

1. New Scirpi of the Northern United Slates.—Among the species

v , ' - ? "ne bJ one atlded to the Flora of the
I "ited States, are a few Scirpece, to which we may here call

i part of this district i

The on is that of a tall Scirpus of the t

\ which was last year discovered by Mr. A. Commons i

M. Canby, on the eastern shore of Maryland, and wh
named S. Canbyi. It is as tall a species as S. Olneyi, but has its radi-
a leaf remarkably developed, as also the involucral one, which appar-

ently continues the stem ; and the spii in inch long,
^e all on long and slender rays, which come off in pairs from the nodes

.
a^zag rhachis, from the axils of bracts or involucels. The

'.\. " - : -

'

. :
._-'•.•-...-.

ot Nataral S „ a note appended to a sb
Dy Mr. Canby on the plants of the lower part of Delaware and the East-em Shore of Maryland), is here reproduced.
8CIBPC8 Cash

.
-,... supra it.): culmoelato (3-5-pedali) folio prje-

troanppJn ; n .,«i In i i m . j ,

i, hotomo-comp -sita : umbelluTis

"scuhs dorao viridulis .-» . lis; setia

P "gynn G j, ienium obovato-triquetrum subito ros-
Wlatum paullo superantibus.
A*. Jour. Sci.-Second Sekies, Vol. XXXVIII, No. 113.-Sept., ISO*.
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> or three years ago we identified Scirpus paucijlorus in the North-

. George Vasey. We then ascertained that it had long before been
gathered on riio northern :,d of the State c

York (vide Manual Bot. Addend., 1863, p. xcviii), but had bee

founded with the v,-iv di- have this sunn

: of our northern frontie

might more naturally be confounded with S. planifolius, but which
may be neatly, and we trust definitively, distinguished by the following

Scirpus Clintoxii (-p. nov.) : folio e vagina suprema involuto-fili-

formi culmo multura brevioii, ceteris bo vi-uni.s vel subnullis; squamis

•

th -
i l'»titml.» and \\ i.as . \ u York. Hon. George

W. Clinton, June, 1864.—The hypogynous. bristles ;v> perir

longer, and more stron
i

.• h-irs than in S.plu-

< i the aeiieuimn m:iv bo rather si:

ference is noticeable. We should not rely much upon the short, narrow.

by pointless scales of the spike; the midrib or keel, instead of
into a cusp ;l , i u .s\ pl„ ;

li .;, lW t ], e ;j, inr an ,] ?ca -

..

.outb, and from which he
w is le I away by the demands of an exacting profession. And we con-

nsh him a success worthy of his name and lineage in his laud-

tvors to promote a knowledge of the botany, and to complete

.

Scirpus cespitosus, L., a northern subalpine species, which Dr.

Pitcher, however, had collected at th rior, and we
l\ es met with on the higher mountains of North Cai

I at Ringwood, in the northern part of the State of

Illinois, far distant from any mountains.

Eastern Shore of Maryland.
Eleocharis rostellata, Torr., has been this year detected in the New

Dun; im rwftmp, New Jersey, by Dr. T. F. Allen. a. a.

2. De Candolle, Prodromus Systematis Naturalis Regni Vegetabilis,

etc. p.tr* (hnm-i qui,, la. So-t:»
L n,<,r. M-.v. 1S64.—This new part

of the Prodromus, although ranking as only the first portion of the 15th

volume, occupies 522 pages, has its proper index, and is intended to be

separately bound. The other part, which will be yet
"

JEJupho}

r part, whh h will be yet larger, is devoted

phorbia, was issued in the year 1§62. The volume

from Dr. Tornam from Dr. Torrey that he has for some tin*
Kgh, N. Y., also from Michigan, i
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tains the Lauraae, by Meissner (a vast improvement upon Nees von
&enbeck), and the small group of Hernandiacece by the same; the Be-

by Alphonse De Candolle himself, i'eliowed by the Datiscacece
and the Papayacece, by the same; the Arislolochiacea, by Duchaiire;
and finally the Stackhousiacece by Bentham, the latter reduced to a single
genus, of eleven species. The volume is an important one, i !

tropical botany. a. g.

3. Bryology of British N. W. America.—The most interesting article to

last (29th) no. of the Journal of the Proceedings of the Linnceun
I in June last, i* an elaborate one b\ Mr. Mitten, entitled,

The Bryologia of the Survey of the 49th Parallel of Latitude. It is

founded on I . bv Dr. Lvall, who. as our readers
know, was the assiduous botanist of the British N. W. Boundary Com-

bust of the Rocky Mountains and upon them he \\a

unond, who left nothing for his successor to discover. But on

;

.

- ^

":.'. v V
:

-

"

; : .

'

'",'.''

^'•'fdierti and tin- Southern Mos<es and characterizes a ojoodiy number
had been

5- On the Currant Worm of Ann Arbor, Michhan ; by Prof. A,

WiscHELUi' Mn the Detroit Free Press of July
D

- 1S04 )—This cun v rill,' - t

i i, .i ..1 is named Selandria Ribis by Prof. Winehell. It

was observed 1 \ h m last summer. This summer it has been still more
'.

igh for the present year
the crop , f t'ruit d« es not = "J-

. ras first seen, May 2 \. • aboat one-

-

ker part of the nerves, and moved
from leaf to . their ravages toward the summits

The full »rown larve is three-fourths of an inch in length, of a pale-

regularly arrange
Proceeds one twe
body 14 (iacladk
Wish green. Th. 2 I. :M and 4ih -wments are furnish

Pair of feet; the 5th is short and without feet; the 6t:

lQth and 11th with short, extensile prolegs—that is, flesh

to be used as legs ; 12 th and 13th, segments without leg:
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bout the 3d of June, undergoing first i

ir way into the ground.
<Jn the 16th of June, a swarm of four-winged^flies (Hymenopters) wen

tary, but at intervals became extremely excited, and I observed that thes<

spells of activity were occasioned by the presence of a female insect abom
which there were hundreds of males. It appeared that the females wer<
very few in number, and each moved as a queen among her subjects.

The males are one-fourth of an inch in length, and the females three
eights, and 11 v

yellow except the head anc
siderabie black upon the back.
The queens proceeded immediately to deposit their cylindri

transparent eggs, in regular rows aloi lie nerves of

the leaves, attaching them at the rate of about one in forty-five seconds.

The ova appeared, under the microscope, at first to be filled with a
'

•

On the second day the outline of the embryo was traced, and it was
seen bent together with protuberances for the feet distinctly forming.
On the third day nearly

-essel, the intestine, the tracheary or

system, the mandibles, the fret. etc. : and the animal moved

s embryo escaped from the egg and

rapid

j and one-tenth of an men
:

'

: ~" •'
' _ ' "',- -.:.-.: ... "'.

• '

;

by the 25th of June. The 1 -oo i then begins to moult and

until the succeeding spring.

The following
ita history:

-May 1 - th, first brood of flies appear from larves or worms which went
into the soil f larves, be-

tieeabie about May 23d. June 3d, moulting and burrowing

, June 16th, appearance of second brood of flies. June 20th,

second brood of larves es an , 2 f, m >..y,?. j une -25i \h flies disappear.

June 28th, moulting and burrowing of second brood.
ion of ovum three or four •: - and burrow-
ays; time in burrow, first brood, thirteen days ; life-time of fly

The usual torpi lity of the fly prevents the rapid spread of this pest,

'

-

the full grown larva is not injured by ashes or lime, though these appli-

. soap suds, or infusion of

will destroy them. The simplest method, "

n over pans or cloth*. The larves are very'easily detached.

. the strong odors of coal tar and petroleum wouldThere i

drive away the tl.es; but it would not cause their death:
6. Caatt of various porta of the ttr -Dr. Auzoux

Admiral Didelot, he has, by his "
? . atomy,'' made
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casts of great perfection of the following parts in the structure of the
animal:

—

nplete osteology—the skeleton being 1 in. 1 c. in length, and
™«* i n appearance that it might easily deceive.—2.

iscera enclosed in the three larger
cavities. All these parts are so arranged that they may be studied in

s, or taken up one after another for minute exam-
ination. The various peculiarities of the bones, the muscular
the arrangement of the great aerial i ate with the
larynx, the little development of the brain as compared with man, are
among the points illustrated which are of special interest.

Dr. Auzoux proposes sc

splanchnolou

Les Mondesi May 20.

1. Animalcules in the blood.—Dr. Harley of London, in a recent me-
moir on the disease called Hematuria, occurring at the Cape of Good

• V.
the presence of a species of Distoma in the blood. Dr. Harley
it as a new species, after a study of ibe eggs
worm, and called it Distoma Capense ; but Dr. Cobbold, who is

:••"" '•'-•
: . .

. .. - -

-
: , .

,
:

;.'

%jpt. The same worm was discovered by Dr. Cobbold in :

a " African monkey (Cercopithecus fuliginosus), and as the species had
Previously been recognized by Dr. Bilharz of Cairo, the generic name
Bilharzia, has been applied to it. iced into the
body of man and monkeys from the unfijtered waters of the African
rivers. The larves live in some of the mollusks of the rivers.

8. Cephalic vertebral.—Mr. Lavocat, of the Academy of Sciences of
- presented the following observations on a monstrosity as

confirming his view that the head corresponds to four vertebrae, one to
each of the senses. A calf, at half-development, had the left half of the
head quite r was deprived of the nose and eye.

and those which con-
stitute the arch protecting the eye (frontal, anterior, sphenoid, and ptery-
goid). On to s were present, as well as the corres-
ponding organs of sense. This observation, he says, demonstrates as
completely as possible a natural concordance of development between
each organ of sense and the cephalic - it. The
Parts degraded, in the several cases of anomaly, are exactly those which

ted by Mr. Lavocat to the several cephalic segments considered
M v«rtebrse.

—

Les Mondes, May 26.
9. Marine < water lakes of Norway.—G. O. Sars

l«on of Prof. Sars) has detected in one of the fresh wat. i lakes of Xo r-

Wa
y, a red Copepod, the - " '" of Lillje-

torg, and in another, tl n. also marine. It is

•apposed that they must have been introduced when the region was sub-

id, and that they have
survived the change to freshwater. A species of Gammarus (probably
«*e (f. cancelloides~Gerskldl) occurs with the latter species, which is also
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found in Lakes Baikal and Angara ; and this also is regarded by Loven

as originally marine.—Ann. and Mag. Nat. Hist, [3], xiii, 437.

10. Hymenoptera.—The following papers on American Hymenoptera

by E. T. Cresson have been published in the ohk of the two years

p:i>t in the Prom-din^ of the Entomological Societv of 1

igi for June 1863, On a new for July 1663,

Lht of Ike N. American species of Bombus and Apatkus ; for Nov. 1863,

On the N. American species of the genus Nomada ; for Feb. 1864, On
the N. American species of several genera of Apidce ; for April 1864,

North A),n riaoi Hymenoptera—Apidce.

11. Diduneulvt — i\ tl i i ting of the Academy of Natun
,. 1 1 Hard IS .. v to the collec-

ts presented by the Smithsonian Institution, and |

referred to several species of great r !ue. The Di-

rda now known to be ap-

Dodo, formerly of the Isle of France, m or Navi-

• Islands. Its extinction or approach to it is said to be on
' '•

those islands of the domestic eat. Not more than four

or five specimens are known to be extant.

12. Note on the Musu» >i I) rk , E
,

- Mr. [In (Pi •. V ad Nat. Sci.

b P . 72.)—The habitat of the Muscovy Duck is the Lake

. ... There traveller.- see them at all times, either m sni.dl

the Mosquito shore, the country of the M lya i In li ins, (a

researches,) and hence is derta d th - nan i of M
Muscovy duck. The W< !ai !v naturalized them,

for, on the discovery of Columbus, th. \ speak of ' : du ks as large as

geese," that they found among the Indians.

13. The I .,,,,, by Thomas Henry
Huxley, F.R.S., l'r- f. N it II.-l. Ih.wd > >,,,.,; ,,f Mine-, and Pi '• ^
Comp. Anat. and Phys. to the Roy. College of Surg -

304 pp., 8vo, with numerous cuts. London, 18G4. John I

Sons.—The two subjects of this volume are, ..

Animals, and second, the Vertebrate Skull. ( >,.

writes learnedly, but shows a bettei - and t -K:l

i r&tem of latere. Instead of four

groups"—viz., the Vertebra ta. M»U, ,, M
.-•....: •'

. / .
.

.
....

..

..-.-.^ ^ .
.-.

.

'

luscoida, and the latter into Vnni >a and Vnn la : yet w l

•he p )- hil r\ that • harae{ r-

more feeling than phi >sophy. s s t subd , i .

- .
•

:
:

::.',.:-
comprehended the true idea at th

.
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the Annuloida. Such a system is arrived at by making the characters
of the nervous system, digestive system, and others of the means by
which the grand plans of structure are adapted to forms of differing
grades, or or :,, r jB importance to

The preface states thai the author to make this
Bret of a series—to be followed by a second "On Man and the

other Primates ;" a third on the remaining Mammalia, and others —so as
eventually to bring out " a comprehensive, though condensed, systematic
work on Comparative Anatomy."

14. Notice of the Men.* lant fossil Ground- Sloth

of Rochester by Hiram
/. 34 pp., 4to.—The Geological Cabinet of the Rochester

. ri. The volume here
announced, prepared by Prof. Henry A. Ward of the University, con-

i .it I-, and'pioba-
M j:< Ihi urn, i! mm 1 ii >m the memoir of Prof. Owen

t, togethei with a few cuts, one of

Museum. There are also

15. Becherches sur la Faune Littorale de Belgique, par P.-J. Van
1 'rof. a l'TJniv. Cath. de Louvain.—Crustaces.—Memoir pre-

v;de de Belgique le 6 Mai 1860. 180 pp., 4to.
-

Van Beneden on the fauna of the Belgian coast. It treats de-

and in part embryologically, of many of the species there

IV. ASTEOXOMT.

1. Note on a Meteor; bv John Gardner. (In a letter to the Editors,
dated Boston, Mass., July 26th, 1864.)—On the evening of the 13th, at
about quarter past ten o'clock, I had the pleasure of seeing a large and

lay I noticed a short paragraph in the

leteor as large as Jupiter

i in Hartford, Conn. It will be interesting to learn if pos-
sible whether the latter was the same body which was seen here.

I was walking along the kv*/ side of Washington street, and toward

my at tion was s h l \ arrested by the

ge ball of fire, extremely brilliant, similar to the
appearance of Vega in a telescope with a low power. The houses on the

but the street at this part is wide. The sky

the direction 1 was looking, and, though the moon was

Dough to enable me to

positions to each other. When the meteor first

caught my eye it seemed a little below Delphinus, and pursued its path
ja a northeasterly direction toward Pegasus. At first it was merely a

it appeared to start along with fresh

il of at least 3° or 4° was pi . noise, and
then the body itself exploded with a loud report (which, in spite of all
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the noise and bustle of the street, cars, <fcc., was most plainly distinguish-

able) and then died out.

In the annexed diagram it seemed to appear first at point A. The
tail, which remained two or three

a of myriads o!

ately previous to the e

Now as Hartford is 100 miles
southwest of Boston, and as the view I had was in a direction opposite

to that of Hartford from Boston, and taking into account the angle of

is shown by the height of the building near me, I think this

body must have been a very large one and at a verv great distance.

2. List of Radiant Points of Shooting Stars; by Professor Heis.—
consists of a list of all the radiant points of shooting stars ob-

I recorded during eleven years before 1860, at other times of

the year than in August, November, and December. They are arranged
as general radiant points of shooting stars, or as general centres of ema-
nation of shooting stars, in si ssive h ilf- months of the vear from Jan-
uary to Decei .-

; r fa v\{ ,,,; j ,j» t "i ie first half of

r Beis has published'••''
-

' -..-.: ....: -.•. :'
• '

•'--

! in this list as a general centre of

'

fair sequel to his discovery of a rta the 10th of

A l" '• ' '
"<- ift i a wx-11-marked star-*!].,* r. a number of shooting

ft] ways be seen to come for . rom the same
point ot the heavens, and such shooting stars are sure to be picked out

from other -
nnnon intersection. Mr.

Herschel al- u | ast< to be no sUCh me-
teors as sporadic shooting stars, but that all belong to some special star-

Hit points have not vet been I
—Proc. Roy.

Astronom. Soc, in The Reader, July 9.

3. New Com '.—Mr. T. .,.. ,. discovered a new comet on the 5th of

iloaity of some 3' or 4' in

diameter Thus comet was -_, n U Mr. kespighi at Bologna, on the 6th,

and by Prof. F. Karlinski of the Cracow Observatory, on the 11th, near

Mr. Valz gives the following approximate elements. Passage of peri-

heUon 289°-37 ; U.A.. : -5- movement
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V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE.

. Further Human remains from the Quarry of Moulin- Quignon,
t Abbeville, France.—The long discussion which has taken place over

are been found s

Quignon has given great interest to explorations at that place. At the
meeting of the Academy of Sciences of July 18th, Mr. de Quatrefages
presented the results of new discoveries of human remains in commu-

nppears that on the 24th of April last, Boucher de Perthes, along with
Dr. Dubois, physician of the Hotel-Dieu at Abbeville, found, in a vel],-.w-

ish-brown bed to the right of the quarry, a portion of a human Mcmm,
fragments of other bones, some of which were parts of a cranium, and a
human molar tooth. On the 1st of May, they obtained, on f

ging, three small fragments of a cranium and "a part of a tooth. On the
12th of May, Mr. Boucher de Perthes was joined by Mr. H. Duval.
They procured from the brownish-yellow bed, at a depth of six to wven
feet, portions of a cranium.
On the 11th of May, besides fragments of bones, a human jaw-bone

was turned out, which was perfect excepting the extremity
ramus and the teeth. The depth from 1 was about
fourteen feet. Boucher de Perthes, being occupied with investigations
elsewhere at the time, was not himself present; but a person delegated
by him superintended the digging. Fragments of bones and some cut

On the 7th of June, the Abbe Martin, Curate of St. Gilles, Professor
of Geology in the Seminary of St. Riquier, continued the diggings, dur-
mg the temporary absence of B. de Perthes, and took out from the bed,
at a place where it showed plainly by its regular stratification that it had
not been disturbed since its first deposition, a human cranium, the frontal
bone and the two parietal of which were nearly entire, and also two frag-
ments of an upper jaw (perhaps of the same head with the cranium) and
an iliac bone.

The number of specimens of bones collected amounts to 200, and they
were all found within an extent of about 130 feet. Part are of animals,
a catalogue of which is soon to be made out. The human remains ap-
parently indicate a very small race of men.—Les Mondes, July 21.

2. Interoceanic canal ae the two Americas.—
The idea of opening an interoceanic canal across the isthmus between
the two Am ry of America. As early
as 1528 Antonio Galvao, a Portuguese navigator of the sixteenth cen-
tury, relates in his work, Tratado dos Descubrimentos (p. 73), that Saya-
vedra, i n 1528, proposed to the Emperor to open communication between
tbe two oceans, w hi, •!!. he -iv>. i^ p.>~il>l-' ki i'-m- rrf'rent points: 1,
from the Guif of Mi-.,,-! t . Craba ( < fulf of Darien) ; 2, from Panama to

sombre de Dios; 3, by Lake Nicaragua and the river San Juan; 4, by
tbe isthmus ol [a very remarkable, these four routes
are actually the only ones which admit of the construction of an inter-

oceanic canal, as has been demonstrated bv all recent investigations, and
•Specially by those made since 1825.— Cosmo*, July 1.

a Sebies, Vol. XXXVHI, No. 113.-Sept., 1864.
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3. Note supplementary to the article on the Progress of the Geological

Survey of California (pp. 256-264).—Since the article on pages 256-

264 was printed, a very interesting account has been received from Prof.

Brewer, of a portion of his explorations in conn .

' ' _. t
] <<i i i n p. 2.jS) 1U

j
iit\ had made

'
' '

36° and 38°, starting fro of the head-

waters of Ka n. Contrary to our previousl

opinions, I i- leu il th n.t.-ii i ion welnd b< ( n '-Me to ol»t mi with

regard to this : tion of the State, it proves to contain

the most elevated, as well as the wildest and grandest part of the Sierra.

Indeed, it seems, from Prof. Brewer's letter, that it is possible thai Mt.

ilf will be overtopped by one or moo
-

ite cone which proved to be about 13,500 feet hiadi. of the view from

which Prof. Brewer writes as follows: "The snow peaks here form a belt

from thirty to forty miles wale, over the whole of which rise extremely

ridges over 11, <>U0 ioet high, and there are hundreds of

haps 13,600! To our surprise, it proves not to be on the true crest,

which is fifteen or twenty miles east of us, and there were in sight from

it at least ten other peaks as high, several that w • i,
: J r, and one that

will probably reach 14,000 feet or very near it." One of these more

elevated peaks was visited and ascended by Mr. King, July 6th—as may
be supposed, not without great diffieultV. It was fasnd to be over

14,000 feet high, and it was also found that there were five more peaks

• that one, and two higher, one of which it seems p.^d.le may

|^
-

' -
x

!

r

- >M -•- in altitude. These grand elevations lie between the

/- and Kern riv-rs, somewhat north of the n-

Owen's lake. The highest peaks can be best visited from the Owen's

started about the middle of July to otl

xoept by the

ber of the Journal I hope to be able to record his success in an explora-

tion so interesting and tm] r. It would seem, there-

fore, that we have in th -

: . .
- V • •

United States, and perhaps on the \ Bent. And it

may seem v remained undiscovered so

long. But it must be remembered that the region is an inconceivably

Journal, " that it contained some of the lo •a; In
taino ' To make the

>-:
words "some of" should milted

• II ,.. >i !•ra in thisi region aUo. as we ii as fa.

in uaT ot an
°w

urpasse
Northampton, Mass., Aug. I lth.
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4. A New Silkworm.—A fourth species of si

Bombyx Roylei—has been introduced into FrancFrance. The three before in-
troduced are the B. mylitha Fabr., from Bengal, B. Pernii Gu-
ville, from North China, and B. Yama-mai G.-M., from Japan. The new

n the frontier* of Casti-

3 males on the 7th of April, and, on the 19th, a male and female. Soon
. Hough to insure the success of the experiment

ilailing it over the country. Instruc-

earo of the Yamo-ma, of Japan, published in Guerin-
comparee (1863, p. 33), serve also for

the^new species.— Cosmos, Ap. 28.

_
5. A new style of barometer ; effect of atmospheric pressure on practice

:

,

•

-o. that the angle of elevation used in France for their guns,
t -r any o'j\-0n f; Ullr,,. ,;, , JS ,K>t afford the calculated results; and have ascer-

ng to the diminished pressure of the atmosphere
m plateau. It follows that cannon may serve as a kind of

barometer for measuring altitudes.—Z<?s Mondes, July 7.

6. Paper- from Maize.—In the manufacture of paper from maize,

- i
•

i in Inatria tl i\'- u. liges 'I in hot water
for two .lavs, at the end of which time thev are separable into three

coarse rihsor veins, which serve, like hemp or flax, for

!>
!>'.u:-,i into .: >oft paste, ind which is made into a kind of bread,

dark in color, and of agreeable taste; (3) a coarser paste

I may be kept for months in the air

.
— Cosmos, May 19.

*, Preset- vai I in Germany
.• on of wood. Mix 40 parts of chalk, 50 of rosin, 4 of

tive oxyd of . . with care, 1 part of sulphuric acid,

is applied while hot to the wood by means of a brush.

^!i"ti dry it forms a varnish as hard as stone.

igon 1

• parchment written on is first

with distilled water. It is then placed for

icid (1 of acid to 100 of water); next,

it, it is put in a \.--el . out i nil g a so ut . n

- -

a '"i dried. The pro, houid be carried forward with care and prompt-

tion of the paper may be avoided.—
'•: irch 24.

9. The ravages of Insects a cause of their destruction.—It is well

known that after worms have for 5 or 6 years committed theii rav-

°n the trees of a region, they often suddenly disappear, and h

return again for two or three or more years to come. It has been shown
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that the destruction i

which they are before they attain full maturity, and, as a consequence,

they never pa - ; they remain for a while as larves,

often showing b\ theii moveim nts that they are half-starved, and then die.

10. Means of hardening fragile or friable specimens, used by Mr, Skm,
~ Mr. Stahl specimens, even if of lou-

like a mould in sand of a shell or bone, by running in a mixture of resin

and spermaceti melted together.—Les Mondes, Mav 26.

11. Elevation of Lake Geneva above the sea.—The mean level of Lake

Geneva has been determined, by I

>• - here termi-

nating, to be 372362 meters above the mean level of the Mediterranean,

. meters above the mean level of the ocean.—Les Mondes,

May 26, from the Arch. Sci. Phys. de Geneve, Jan., 1864.

12. Investigations in Egypt.—A legacy of 20,000 francs has been be-

queathed to the French Academy of Sciences by Miss A. Letell

under the name of the " Savigny Foundation," is to supply young zool-

ogists with the necessary means of continuing Sa\ j

Egypt and Syria.— The Reader, June 25.

ulia to Port Said, has been completed, and fresh

water is now furnished across the line of the desert, as well as at this

important port.
,

U. Making of Oases.—Mr. Martins, in an address at one of the Soiree*

- a glowing account of the effect over

A "
-

II- predi< ta the time run from the

M li en in -an to S, negal, and from Senegal to the Red Sea; and when

Bnez, wit! become "le foyer des relations avec la

15. .1 U in Australia—The Thrush, Black-

bird, Skylark. Starling, towb, and the Wild Duck,

an ilr. id\ d n. st ated in Australia through the efforts of the Acchroa-

tizati- !. S. . letv of Victoiia. G eat success has also attended

efforts to introduce good fresh-water ri>h mho the rivers, and it is expected

that the Salmon will soon be naturalized in Tasmania.
16. Dedit of the Boston Society of Natural

History.—The new building, recently erected at Boston for the Natural

History Society, was dedicated on the 2nd of June
/

last. The building

-' "

.early square

in outline. At the centre of the east front there is a grand doorway

of granite, supported by massive buttresses, on which are hereatter

to be placed life-sized figures of an eie"phant and a rhinoceros cut in

stone. It measures 95 feet bv 105. .

within for sci-

entific purposes. It has been erected at a cost of nearly $100,000.

- were made by Prof. Wyman, Prof. Wm. B. Rogers, Mayor

I Rev. Dr. Waterston.

17. Unive —A New Zealand exhibi-

tion will be opened at Dunedin, in the province of Otago, on the or**
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Monday of January, 1865. The building is to be of brick. Its regula-

to be received between the 1st of October and 12th of December, 1864.
18. British Association.—The next meeting of the British Associa-

tion, to be held at Bath, will open on Wednesday, the 14th of Septem-
i for the year.

19. Sir Charles Lyell—Sir Charles Lyell, geologist, has been made a
baronet, under the title of Sir Charles Lyell, Baronet of Kinnordy, in the
county of Forfar.

20. Prize to Mr. Ruhmkorff.—The prize of 50,000 francs, offered by
the Emperor Napoleon for the most useful application of electricity,

has been awarded to Mr. Ruhmkorff for his induction coil. '!

Hanover, having heard of the award, forwarded to Mr. Ruhmkorff a
large gold medal "pour le merite."—Reader, July 9.

21. Prize to Mr. Sorel.—The prize founded by the Marquis d'Argen-
teuil for the most useful discovery for the perfecting of French
has been awarded to Mr. Sorel, the inventor of the process of the " zinc-

age of iron," known under the name of galvanizing iron.—Les Mondes,
May 26.

22. Alger's Cabinet of Minerals for sale.—The mineral cabinet of the

f the best in the country, and will be a valu-

able acquision to any ineti ion. It can
be examined at the forme - ''• Fourth street, Boston.
For terms, which it is stated will be low, reference should be made to

S. E. Sewall, or Francis Alger, administrators of Mr. Alger's estate.

Evan PrjGH , Ph.I
Pennsylvania, died a

Dr. Pugh was one of the most able scientific men of this country. A
blacksmith's apprentice at the age of nineteen, he bought the residue of
his time, supported himself for one year at the manual labor Seminary at

Whitestown, N", Y., and after teaching a private school for boys in Ox-
ford, Pa., his native place, for about two years, he went to Europe where
he spent four years in the universities of Leipsic, Gottingen and Heidel-
berg, and in Paris, a most student of natural and
mathematical science. At Gottingen he honorably sustained the examin-
ations for the degree of Doctor of Philosophy.

From the outset, his mind had been attracted toward ag

science and his studies shaped themselves more and more toward his fu-

ture career, though he found time to study, as he had the capacity to

faster, the highest mathematics. Before leaving Paris he addressed to

Mr. J. p. Lawes the distinguished E; _
;1 known by

the numerous and valuable researches carried on at his est:.;

amstead near London, a proposition to undertake a new invert

the question, then so vigorously mooted in France between I

and ViHe, as to the assirailability of (vee nitrogen by ivgK.-ui n. Mr.

Lawes received this proposition favorably and signified his willingness to

have the res. md to defray all the costs,

provided Dr. I m of his ability to estimate nitrogen

with a certain degree of precision Dr. Pugh repaired to
D ~ fU '
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and by a skillful application of volumetric methods shortly satisfied Mr.

Lawes. For two years, our lamented countryman devoted himself to the

solution of the problem which was in dispute, repeating bis

modifying his devices until he demonstrated, beyond any reasonable doubt,

that Ville, and the Commission of the French Academy which reported

favorably on his researches, were wrong, and Boussingault right.

Although Mr. Lawes was anxious to retain Dr. Pugh in his laboratory

at a handsome remuneration, and noti

ately fond of cultivating the fields of - turned home
in the autumn of 1859, after an absence of six years, to assume the pres-

idency of the Agricultural College of I i been offered

and intelligence. He had visited and he chief agri-

Europe, and his idea of what an Amer-

dtural college should be was as definite as it was comprehen-

sive and just.

For a little more than five years, Dr. Pugh labored untiringly in «*!
lishing hi* collie <-u a broad and endm in^ ba-i-,, wnirin^ fund-, pl-aii-

.•_
- '

'

•

ise of long usefulness until one week previa-. to his unexpected death.

Dr. Pugh's career as a scientific in . be was a stu-

dent with unusual promise; but was suspended on his ass

presidency of an unformed and struggling institution, unfortunately never

While in Europe Dr. Pugh made the investigations that form the sub-

jects of his published contributions to science. °They are principally the

insalpetersaure identisch mlt Plkraminsaure, Journ;

pp., 4to.

Lawes and Gilbert; but Dr. Push's -ha-v i n the work was by no means

the least He devoted to it two°years of nearly constant labor and its re-

sults are in a high degree satisfactory, lie did not merely confirm

istrated a rare degree of

talent in h m 1 us a - "
f
'fie question.

The Agricultural Coil, ge ..f L'a., th • fir-t institution of the kind estab-

lished in this country, - and useful-

ness, as a result of the ran ntific and practical know-

not be soon made good.

Francis Alger, author of - A! -••- I'l :"; -\ W ,,-aLgy," died on
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1. Review of American Birds in the Museum of the Smithsonian In-
ly S. F. Baird. Part I, North v I Midd e America. Sheets

s, 181. June,' 1864.—Dr. D spices of the
is hen i-omni. 1 the publi ation of a work

-

1,1
' "«<> t<> dl -p.i. - examin 1 m\wl n by th author, besides a

the end of genera or families, of species not seen by him.
tinder the term "North America" is comprised all of America north ,,f

a line from t:i > >[( of Mexico to <u, flvmas ,m the
- •rii;f..|T.i, 1 |

,

.,riii.i; and under that of " Middle America"
south of this line to the continent of South America together

with the West Indies. The references, in the fl

I te. and the critii a _. siieii as
ttnght be expected from the accuracy and science of the author.
As the specimens of : Lion have been collected

various government exploring expeditions „ r l.y special

Catalogue of all the species of Terresti Uusea known
to inhabit the State ; by Edward S. Morse. 64 pp., 8vo, with numer-
ous cuts. F; itoral History,
^'" h, l^o-t. 1 • ,n :. M tin. .— • of the spe-

plate, and the lingual membrane with

i sid s, in a u w cast -, other details, such as magnified views

3. The An f Important
Events of the year 1863

—

embracing "y and So-

, Public Documents; B« nmerce, Fi-
'•

ume III. 866 pp., large 8vo. D. Appleton & Co., New York. 1864.
7-l'he general character of this bulky annual, published as a continua-
tion of Appleton's Encyclopedia, has been stated in former notices, and
the scope of the work is mentioned in the above title. The political

events of the year are detailed at much length and with a number of
woodcut illustrations. In Science, there are articles in the departments
°f Chemist.-. .. Ethnology and Anthropology, Geo-

. on Iron and Steel, etc., etc., under which much

4. Passages from the Life of a Philosopher ; by Charles Babbage,

hiiosopher referred to in the title of
this volume is "Cbarlea F. R.S.," etc., etc., the in-

ventor of the Ca! ; . _; Machine.
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. Abstracts of Meteorological Observations made at the Magnetical Observatory,

,; by James Apjohn, M.D., F.R.S., <fcc., Prof. Chem. Uni

von Meyer, witf "

iwUe of the Thirty-Eighth Artists', and

. :

a Great St. Bernard, with Lombardy and

M.RJ.i

Excursions i

original drawings on the spot ; Iby Josiah Gilbert and G. C. Churchill. London,

y ; or an account of the Mollusca which now inhabit the British

Conchifera from the I trid»; by John Gwyn

.-,...

its Progress and Operations; by J. L. Milton, M.R.C.S.

Flora Fossile dell' Etna ; by Francesco Tornabene. 147 pp. 4to, with 10 pla

Sicily.

Ontologie Naturelle, ou Etude philosophique des etres ; by M. Floobess.

meriqoe du Sud, par le Dr. B. Schnepf. Large 8

Paris, tlfr.
Nouvelle Table ft, Radau. Small pamphlet m 4

Paris. \fr.
Sur la Viticulture du sud-est de la France

;
par Dr. J. Guyot. 1 vol. large 8

• I :
Furt!,ev,MrlSG:-; Vol xiii, 1 J J6 pp. 8,o, with 25
Academic C. L-C. G. Nature Curiosorum. Vol. 3(

;

Prof, am k. pol

.

| | ,erausgegeben T

mgeo zu der Karte iiber die Production, Consumtion
rend des Jahres 186

fill Handel. Gewerbe un

^'--
- - • ...... '

•..
"• -..-:-.:• • '

::
.'.:

• • '

pp. 8vo, with three copperplates. Leipzig 1864- W. Engelmann.—The nrst

Amr.nr t he Natural History papers there is a long
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When a man who for more than the lifetime of one genera-

tion das filled a prominent place in sci net
.
wh >se labors have

extended over every d - • '' while in one of

tbern he has long been ;
' and high-

est authority; when such a man dies, it is natural to inquire in

what way "his reputation was gained, and what part of our

present knowledge is due to his services.

Distin ined bv individual effort, and by
influence exercised over others. There have been men, like

Dalton, of humble ori. : ^ unable to command
the advantages of a public position, rind sea ti!y provided with.

the means for pi vat- i. ^.udi. v. • .- i>v -[> < d.iti n and experi-

ment confined to some one branch have reached the highest

eminence in science, and discovered laws of nature with which

their names are thenceforth connected. Others to appearance

more fortunatelv situated, have been less lim
••« men already dis-

and to diffu had aJded in ac '

they have contributed as well by inciting others, as by
their own < anient of knowledge. It is the

privilege of men of this class to associate and surround them-

selves with others of
departments. At Arcueil, Berthollet gathered about him the

imes of the chemistry . f his day: and Berlin was a

centre to -. ;ca of the



and Heinrich Kose.
In what way then did Eose get the name which he has left?

_
He was born on the 6th of August, 1795, in Berlin, where

his father and grandfather were pharmaceutists and chemists.

The grandfather is now best known as the discoverer of the

fusible alloy called after him, Eose's metal ; his father, a man of

considerable scientific reputation, died in the year 1807, in the

days so dark for Prussia, leaving a widow and four young sons.

Eose studied pharmacy first in Danzig, at the time when the

city was besieged by the French under Gen. Eapp, and was
near losing his life from the typhus which prevailed in the town.

He served in the campaign of" 1815, with his three brothers, and

on his return remained in Berlin until the end of August in the

following year. He was not a pupil of Hermstadt, as has been

asserted, but was engaged at this time in the laboratory of Klap-

roth, as we learn from the discourse which he delivered before

the Berlin Academy in memory of Berzelius.
"I had the good fortune in my youth to assist the celebrated

Klaproth in his chemical operations, but only in the last year of

his life, in the summer of 1816, when his labors were inter-

rupted by frequent and severe illness. When, several years

i. I was permitted to work in the laboratory of Berze-

lius, I was able to compare his ways of operating with those of

Klaproth; they corresponded to the difference in accuracy of

their respective investigations."
In September, 1816, he went to Mietau, in Curland, and en-

tered the pharmacy of Dr. Bidder; his leisure time w
with the physicist Grothuss, who lived on his estate in the

neighborhood, and in whose works Eose published his first sci-

entific communication. 1

Leaving Mietau in 1819, he travelled

by way of St. Petersburgh and Finnland to Stockholm, and ac-

cepted gladly the invitation of Berzelius to finish in his labora-

tory some investigations which he had begun upon the varieties

of mica. Here he remained two vears. In December he was

joined by Mitscherlich, who was already known to Berzelius

in Berlin. In the spring of 1821, his brother, Gustav Eose,

came also to Stockholm, but left the laboratory in the summer
for the purpose of travelling over Sweden and Norwav. Mito-

nd Heinrich Eose left Stockholm in the autumn of

-cherlich to go directly to Berlin, Eose to spend some
weeks in Kiel, where he took the degree of Doctor of Philosophy.
He published there his first independent work, an inaugural

on in Latin upon titanium, and its compounds with

oxygen and sulphur; a subject upon which he worked, and
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wrote several papers, i

Berlin in 1822, and w
Professorship of Chemistry," which he retained till" his death.

From this time the history of his life is to be found in his works

;

it is a part of the history of science.

Born as we have seen of respectable parents who could how-
ever have left him but a moderate competency, and a name
which, though already known in science, was to become more
distinguished in their descendants, Eose owed his reputation to

his works, the fruit of nearly fifty years passed in his laboratory

and at his desk. These alone would have secured him a lasting

reputation. But he was not unmindful of the other means by
which he had it in his power to further the progress of science.

His name and their own excellence attracted to his lectures a

numerous audience, and gave him the opportunity of imparting

his ideas to numbers of young chemists who came to him from

all parts of the world. His lectures were marked by their sim-

plicity and their soundness. In referring the phenomena of

i the riewa which are alike their cause and explana-

tion, he avoided all theories built up in advance of the facts.

He distinguished the theories which have been so firmly estab-

lished that I
rve as a foundation for new views,

and as a guide to the discovery of new facts, from those that

need to be themselves further confirmed by observation. He
saw that to reject the one class was to give up the advance al-

ready made ; to accept the other was to endanger future progress.

The facts were stated in his lectures.

in the plainest words, and the experiments designed to illustrate

them were made in the simplest way, and, if possible, without

the use of intricate or expensive apparatus; for very many, in

fact, he required nothing more than an ordinary test-tube. It

seemed to be his aim to avoid distracting the attention by the

complexity or elegance of the aj iliarae his

hearers with the arrangements employed in actual research.

a Hse to the story, which, if not

true, is characteristic of himself as of his lectures, that when

it had caused the tarnished spirit lamps upon his table

to be brightened, he found the Professor busily employed after

the lecture in restoring to them their former dingy hue; re-

marking, "that he could not talk easily where there was so

His lectures were delivered in an easy and conversational

tyle, while he walked backward and forward behind the table

ipon whi .arranged. Even in his later

years, when the subjects had become familiar to him from fre-

quent repetition, the half hour before the lecture found hi rn ab-

stracted and with a thoughtful expression; as soon as his hour
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was over, he returned to the laboratory, and ever with a bright

smile and kind greeting for the young men whom he found

there at work.
Beside the public instruction given by him as Professor, Rose

was in the habit of receiving a few pupils into his private labo-

ratory, and teaching them, partly himself, but chiefly through

ations of analysis.

• Without neglecting accuracy of execution, it was his principal

care that analytical operations should be conducted upon cor-

rect principles; and he always gave his personal attention to

the selection of the most suitable course, and then followed the

analysis in its progress with an interest which kept up that of

his student. When a new subject was presented, the question

was often asked, "How will you do this?" The answer was

listened to with patience and interest, and the sources of inac-

curacy of the proposed method clearly and kindly pointed out,

or a better one suggested. The number of his pupils was

limit I, in t I tter yeans of his life to one or two. They were

required to furnish themselves only with such implements as

would necessarily be injured by use, or were liable to accident;

as also with convenience and accuracy of hi3

own work might not be interfered with. All other apparatus

and all the reagents, even the more expensive ones which in

public laboratories are seldom to be had, were provided in

abundance. No outlay was objected to, when it secured greater

accuracy in the results.

For this great privilege, attended as it was with pecuniary ex-

pense to himself, Rose never accepted the slightest return. It

was given from a pure love of science, and he^ expected it to be

used in the same spirit. Even the ordinary fee for his

-conveyed to him from one of his students for greater delicacy

through his assistant, was not received without hesitation. Rose

never made use of his students to perform the drudgery and

routine of his private researches; these he did himself, or left,

generally, to his assistant ; to his pupils was given some new or

rare mineral, or other object of interest.

In a paper written by Liebig, in 1840, is the following

-
-

as held by one himself of an entirely different school

''Heinrich Rose—the only man in Prussia who gives prac-

tical i nstruction ii i scion. v. II nlv'on o U , Vlu i
pleas-

ind who possesses the abi 'edi

istry—is fur n>h i with 08. His
at e . 1 to the ii

\Z:
'

a part of the rent i

.(' w Inch is paid by the

rnment; bill: h,' i-.h -thin- for
N * For some time• he ,1 . :; 'irse of four lectures
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, but could only give fast

r which the least outlay is required; but ev

hich he received was insufficient, and he was

mineral analysis,

en for this the fee

compelled to add

Rose's laboratory, at the time when som
ys of our life were passed in it, was neari;

e of the happiest

in the centre of

the University and the other public buildings on the

Linden. The street formed one bank of the Spree, and the

laboratory looked out upon its sluggish stream.

The laboratorv was in the house in which Rose had his pri-

consisted of only three rooms: an ante-room
filled with chemical preparations, the working laboratory, and a

cabinet for the balances and other nice instruments. All fur-

nace work, and the preparation of the reagents, was carried on
in the cellar. Behind these was the auditorium, or lecture-

room; but all in a private house, in no way connected with any
Government building 2

The writings of Rose consist of his Treatise on Analytical
( ". emistrv, an I of n great number of papers published in the

i then in Poggendorff's Annals.

In consider. must be remembered that they

extend over a period of nearly fifty years. It is difficult to

comprehen i
ier which works at such a dis-

tance of time were composed, to represent to ourselves the state

of science previous to their completion. Each of them must be

looked at from a different point of view, which is ever changing

with the continued advance of science. To judge of them cor-

rectly, we : was km .vn at the time when
they were written, as well as that which has since been discov-

ered; we must see them, neither as they were seen by their co-

temporaries, nor as they are seen by those of our own times, but

I be regarded' bv a cotemporary who had

kept up with the knowledge of the present day. The number
of these wv them 'all,

while it will be our especial object to avoid giving such ab-

stracts of them as have already been made in the Annual Re-

ports. By selecting from the more important the points of par-
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ticular interest, and giving a sketch of the previous state of
knowledge with regard to them, it is hoped that some idea may
be conveyed of the part which Rose's labors have had in the

advancement of science. It will be convenient for this pur-

pose to take up first his researches upon general subjects; leav-

ing the analytical articles to be mentioned in connection with

his great work on Analytical Chemistry, into which they were
from time to time incorporated.

"The first important work of Rose was his investigation of

the mineral- line form of augite. It was made
in 1820 in the laboratory of Berzelius, and together with the

works of v. Bonsdorff upon hornblende, and of Graf Trolle-

Wachtmeister on the garnets, is the foundation of our knowl-
edge of isomorphism in the mineral kingdom." Rose showed that

- varieties of augite are isomorphous silicates of lime,

magnesia, and the protoxyds of iron and mai gan< si .

the artificial isomorphous salts described by Mitscherlich, crys-

. that t

s from Sahla in Sweden contain at times a quantity of water,

which may even amount to five per cent; a facl

brought forward by Scheerer in support of his theory of poly-

meric isomorphism.
Berzelius expressed a high opinion of the ability shown by

Rose in this work, in a note appended to his account of it in the

first volume of his Annual Reports. " The analyses of Rose and
v. Bonsdorff were performed in my laboratory ; not under my
supervision, of which these skillful young chemists had no need,

but that I might have the pleasure of bearing witness to the care

and exceeding accuracy with which they were executed."
Rose afterwards mad lalcime of Catania and

with that of

it h the difference that two equiva-

. ater, and soda in the place of potash. Upon this B< r '

morphous with anhydrous potash?" This is, perhaps, the first

idea of a polymeric isomorphism.
In the laboratory of Berzelius too, were made many of Rose's

that" he <

They led him, however, to the discovery i

he found, but in very different proportions, in all the varieties

examined. The presence of fluorine as a constituent of mica
had been overlooked by both Klaproth and Vauqueliu ;

it '>V;lS

found by Rose by heating the m i . retort, with
the object of discovering the so ;; »ht on igni-

tion; fluo-silicic acid came over into the receiver.



Heinrich Rose. 311

The research upon titanium was also begun in the laboratory
of Berzelius, and was taken, as has been said, for the subject of
his inaugural dissertation.

Rose first showed the real nature of what had hitherto been
called oxyd of titanium ; that it is not a base, but, on the con-
trary, combines with bases to form a peculiar class of salts; he
therefore changed its name to titanic acid. He also discovered
the compound of titanium with sulphur.
"In Berlin he resumed this research and analyzed the native

compound of titanium and iron, which he at first considered to
be a titanate of protoxyd and peroxyd of iron, but afterwards
recognized as a mixture in indefinite proportions of the isomor-
phous sesquioxyds of iron and titanium."
The atomic weight of titanium was determined with a degree

of care and accuracy which secured its universal adoption. Dedu-
cing the atomic weight from the composition of the chlorid of
'"- urn, ko.se determined the chlorine, and the titanic acid
formed when i nowi quai tity of the chlorid was decomposed
by water. His description of the mode in which the calculation
was effected is somewhat obscure, but it is evident, that of the
three values found, two were sufficient for the determination of
the atomic weight; and that therefore the observed values could
be combined in three different ways. As however the ignited

I, in consequence of absorbing moisture from the air,

could not be weighed with accuracy, Eose preferred to base the

. upon the amount of chlorine. His results, recalcu-
lated for the atomic weight of chlorid of silver of Marignac and
Stass, give for the equivalent of titanium the number 24*12—
from the titanic acid, combined respectively with the chlorid of

ken, and with the chlorine found, are obtained the
numbers 24-90 and 2347, of which that assumed by Eose is

very nearly the mean.
Rose's extreme values, according to his own mode of calcu-

lation, are 24-03 and 24-25.

The number 25, which has been recently adopted for the at-

omic weight, was obtained by Pierre by volumetric determina-
tion of the chlorine in the chlorid of titanium. The greater

number of his determinations agree better than those of Eose;
the lower atomic weight given by some of them is ascribed by
tim to the fact that They were made with a chlorid which had
been exposed to the air; and from a portion which was inten-

tionally exposed for a considerable time, still lower numbers
were derived. The cause of this difference is not apparent, and
the explanation given of it by Pierre seems hardly probable.

As the experiments of Mosander, made after those of Eose,

gave a hwer number than his. there seems to be no valid reason

for abandoning the atomic weight found by Eose until the sub-

ject shall again have been thoroughly investigated.
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In the further progress of this research, by showing that the

rutile, brookite, and anatase, though occurring in forms

which belong to different systems of crystallization, consist es-

sentially of titanic acid, Rose established the first decided instance

of trimorphism in bodies having the same chemical composition.

He showed that the change in solubility in acids, produced in

many metallic oxyds by ignition, is attended by phenomena
which justify us in considering the body to have passed into a

different, isomeric
1
state. He pointed out that the change is

often indicated by momentary incandescence, and by an altera-

tion in the specific gravity. The passage from the one state to

the other can sometimes be effected without the aid of heat, as

in the case of the two forms of pe 3e properties

he afterward minutely investigated. A similar change is pro-

duced in titanic acid bv merdv washn 2 with hot
'

•

and the acid which has then pas- ible modifica-

tion shows no phosphorescence on ignition. The phenomenon
is of the same nature as the incandescence of the ammonio-

phosphate of magnesia in becomir md probably

also of the oxalates when they ar into carbon-

ates. In all •: ure of the

substance is produced. The d -

as in gadolii by evolution of heat, and
tion of the specific heat of the subst n ••. which it has been sup-

posed might be its explanation ; but in other cases no heat can

be detected, and the .-'

s sensibly the same, or

may be even slightly increased.

Without being able completely to explain these phenomena,

periments demonstrated that the difference of

properties without alteration of composition, which .

what is expressed by the term is

nected with certain physical phenomena, of which it is more

probably the consequence than the cause.
The emission of light during crystallization was inn

ahown to occur when a body which is destitute of all

; structure, like the glass - & a Pj

arates for the first time from a" liquid in crystals. <

too, which, when fused, solidify into a glass-like mas-
on crystallization the same phenomenon; but the <

form once assumed, the phosphorescence cannot be reproduced

unless the texture be destroyed by a second fusion. There

would seem then to be a crystalline state of matter independent
of all solid form, and which it retains even in solution.
Among his earlier works are the analyses of the lead ores

from Tilkerode in the Harz, discovered by Finken, in which
Rose found selenium, and the ex ... . : al sulphur-



salts of antimony and copper, the Fahlerz of the German min-
eralogists, or tetrahedrite, of whose composition little was known
from the want of accurate methods for their analysis.

In a chemical point of view they are a continuation of the great
work of Berzelius on the sulphur-salts, and show that the dis-

tinction made by him of sulphur acids and bases is as marked i

nature as in the products of the laboratory. They also suggested
the isomorphism of the sulphurets of copper (Cu2S) and silver

(AgS), and the consequent necessity of halving the atomic weight
of the latter ; an idea which he developed at length in several

subsequent papers, which gave rise to his last discovery, and
was the subject of his latest communication, written but a few
months before his death.

One of the most important of Rose's works is a series of papers
on the compounds of phosphorus with hydrogen and oxygen.
The first was published in 1826, and they extend over a period
of twenty years.

It was known that there were two kinds of phosphuretted

hydrogen, one of which was spontaneously inflammable in con-

tact with air; but the experiments of the ablest chemists of the

age had failed to show in what the difference, if any, between
them consisted, and they disagreed as to their composition.

Gmy-Lussac and The'nard had found, rightly as afterwards ap-

peared, that on heating potassium in the mi arnmable gas a vol-

ume of hydrogen remained, equal to 1^ times that of the original

gas. Vauquelin and Thomson had obtained a different result,

and Davy found the volume of the hydrogen to vary according

as he employed the one or the other variety. The possibility

was not yet admitted that the same elements combined in the

same proportion could have different properties, for the fact by
which it was first suggested had but just been discovered by
Faraday. Of the compounds of phosphorus with i

phosphoric and phosphorous acids had been studied by Berzelius,

With some of their salts, and their composition rightly deter-

mined. The hypoph »vered in 1816 by Du-
long, was erroneously considered by him to contain half as much
oxygen as the phosphorous acid, and Davy had mistaken the

relation of the oxygen in all three of the acids. Thus the sub-

in a most'unsettled state ; and, to increase the confusion,

simultaneously with the work of Rose came out a research by
Dumas, followed by one from Buff, both differing from the con-

clusion at which Rose had arrived. Rose was led in consequence

toreexamin lich he was at variance with

these chemists. The results of his new investigation were pub-

lished in 1832 ; it is the most important paper of the series, and
is preceded by an abstract of the former ones, from which a

sufficient idea of them may be obtained.
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Finally, after the communication by Wurz of his theoretical

views, according to which the lower acids are to be regarded as

phosphoric acid in which one or more atoms of oxygen are re-

placed by hydrogen, Hose wrote, in 1843 and 1846 a careful and
thorough examination of the arguments in favor of the several

theories of the constitution of these acids.

Eose's first step was to determine the composition of the two
" inds of

formed \

of copper, (CuCl and Cu 2 Cl,) and the sulphurets of nickel and

copper, (NiS and Cu 2 S.) The definite proportions of the first

two phosphurets showed their stability in contact with the gas;

as the sulphuret of copper is not decomposed by hydrogen alone,

the possibility of error from presence of this gas was obviated.

The spontaneously inflammable gas was shown to contain 1 eq.

of phosphorus to 3 eq. of hydrogen ; with the other variety the

results were not constant enough to prove the absolute identity

of the two. Kose then, in 1832, demonstrated that the density

of the two gases is the same, and not that which had been found

for them by Dumas; and that both combine with a number of

bodies, principally volatile metal:: e with them
precisely the same compounds. He went still further; he

showed that when these compounds are acted upon by water, or

aqueous solutions, they are decomposed with reproduction of

retted hydrogen, and that the nature of the evolved gas

depends, not upon the kind used in the preparation of the com-
pound, but solely upon the liquid by which decomposition bas

_
From these facts Eose drew the conclusion that the two varie-

ties of phosphuretted hydrogen have the same composition ;
that

they are isomeric forms of the same body, for the doctrine of

isomery had in the meantime been developed, and that by com-

bination with the metallic chlorids and subsequent decomposi-
tion, the one of these forms may be converted into the other.

The apparent convertibility of the two gases seems to us, how-

ever, in strictness to prove only the identity of their compounds.
More recent researches have changed the views upon this

ly so far as to make it possible that the difference in

tbility of the gases may be due to the presence of some

iiantityas to elude observation.

If this substance be the liquid phosphuret of hydrogen described

by Paul Thenard, and condensible at a temperature of -10° C.,

the fact is in direct opposition to an observation of Kose, which
seems to have been overlooked. "I made," Bays Kose, "some
experiments to see if, by exposure to cold, phosphuretted hy-

drogen would lose the property of spont:;
in contact with air. During the"severe weather in January, 1823,
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in Berlin, when the thermometer stood at - 15° C., (+5° F.,) I led
the gas in the open air through a very fine tube of glass, (durch
erne sehr diinne Glasrohre,) 8 feet in length, of which 7 feet
were surrounded by a freezing mixture, in which mercury
speedily froze. The gas remained however as inflammable aa
at higher temperatures, and not the slightest condensation could
be perceived."

Rose then examined the composition and products of decom-
,c,H~a of the saltsof phosphorous acid, and showed that they

>ne of acid, and a quantity of water,

s essential to their existence. The
phorous acid was establi

- is oxydized by nitric ac
•hosphate, and by ignition is converted, with evolutic
taneously inflammable PH

3 , to pyrophosphate. The salt there-
fore contains equal equivalents of phosphorus and lime, and
gives off the half of its phosphorus combined with hydrogen.

2(P + xO) + 3HO = P0
3 -f PH 3

This result was then confirmed by direct analyses of remarka-
ble elegance, and which are well worthy of attention.
Besides the compounds of PH

3
with certain volatile chlorids,

we owe to Eose the discovery of a class of bodies in which ammo-
nia is combined with the chlorids of various metals, and the very
remarkable combinations of the anhydrous acids with ammonia
and with salts, the first instance of which, the union of sulphur-
ous acid with ammonia, was observed by Dobereiner, but which
-Rosb now first fully investigated. He made known too the true
nature of what had been considered as the superchlorids of
chrome, wolfram and molybdenum. The composition of the
volatile metallic chlorids which are decomposed by water into
nydrochlor; • oxyd, had hitherto been infer-

red, without analysis, from that of the oxyd. Eose, determining
both the chlorine and the chrome in the red volatile liquid pro-
duced by the action of sulphuric acid upon a mixture of chlorid
°f sodium and chromate of potash, found a great loss in his
analysis; and that the chlorine was in quantity to combine only
with a third part of the chrome. It followed that the liquid in-

stead of being a chlorid of chrome, corresponding in composi-
tion to chromic acid, contained a large amount of oxygen, and
could be considered as a compound of two equivalents of chromic
acid, and one of perchlorid of chrome.
Two compounds of wolfram and chlorine were known, which,

though entirely different in appearance, were supposed, as they
had been found to give with water hydrochloric and wolframic
acids, to have the same composition, and to be isomeric bodies.
Ahe one of them, which sublimes in small, yellowish white
scales, was shown by Eose to contain oxygen and to be in com-
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position precisely analagous to the acichlorid of chrome, or

chloro-chromic acid ; the other, which is red, and of a volumin-

ous and wooly texture, he proved to be the chlorid corresponding

to the oxyd of wolfram, (WCI a). But it was only after twenty

years labor with the similar compounds of the tantalite group,

that experience taught him the precautions which are necessary

to ensure their perfect separation.

Analogous in composition to these bodies, is the compound of

sulphur, oxygen and chlorine, (SC102 or SC1 3 + 2SO,.) disco*

ered by Eegnault, to which Kose added a large class formed by

the action of anhydrous sulphuric acid upon the chlorids of sul-

phur, phosphorus, selenium and tin.

In the papers on the chemical decompositions produced by

water, its solvent action, in which the complex particles of a

compound may be conceived to be separated from one another

is distinguished from the chemical effects in which water acts in

virtue of its quantity, rather than by the exercise of cny power-

ful affinity. Here the complex particles are not merely distri-

buted through the liquid, but their components are divided and

forced into new states of combination. The research is an illus-

tration of the law of Berthollet, according to which the mass,

or chemical quantity of a body, may take the place of strong

affinity. If the law be admitted, and it is unquestionably true

in many cases, there is no reason why a compound, however

strong the affinities by which- its particles are held together, may
not be decomposed by the feeble action of any third body winch

acts upon it in sufficient quantity. And we see, says Kose, in

nature, where the action is longer continued than it can be in

the laboratory, firmly united compounds grad
bv bodies of such feeble affinities as carbonic acid and water.

Water acts sometimes as a base, uniting with the acid and sepa-

rating the base with which the acid was previously combined,

as oxyd, or as a basic; salt; at other times as an acid, entering

into combination with the base, and displacing its origi

The subject is illustrated by examples of this decomposing ac-

tion, of which Eose had mentioned a remarkable case in a former

paper. A concentrated solution of borax
silver a white precipitate of borate of silver, which is soluble in

a not very large quantity of water. But if the solution ot

borax be very dilute, it produces no longer the whit

but a brown precipitate of oxyd of silver. The borax has been

decomposed by the water into boracic acid and soda, wnieti

latter acts as though the acid were not present. This action ot

water is also shown when a strong solution of borax
with litmus, and a little free acid is added until the lie

slight reddish tinge; on diluting with water, the blue color is as

once restored.
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The decomposition of the acid sulphate of potash by water
into neutral salt which can be made to crystallize, and free acid,

mixed with acid salt, is also brought forward : by dissolving the
salt in the proper quantity of water, intermediate compounds
<can be formed, which, however, seem when crystallized to be in

atomic proportion. The same action is the cause of the separa-
tion of some double salts into their constituent simple salts by
solution and happens when they

resist to a
greater or less degree this action. Probably of the same nature
is the fact which has since been noticed, that crystals of double
salts may be obtained which are not in atomic 'proportion : the

decomposing action of water seems to overcome the tendeney of

ation to produce definite compounds. Whether in these

cases the water takes the place of one of the simple salts in the

Crystal, is a point which has not yet been sufficiently determined.

A soluble salt may, on the other hand, be protected from the

action of water by combination with one which is insoluble.

Sulphate of baryta, i precipitated from solutions containing

is we'll known in analytical operations to take down
with it small qiumt ies of nitrate ol baryta which a long con-

tinued washing is required to remove. [And carbonate of ba-

ryta, prvpai 1 1'rom with carbonate of am-

in any quantity, it is impossible by water to free it from. The
only w v 1 wl i the pure < I t could be obtained was

acid into a solution of caustic baryta.] The
native carbonate of soda and lime, the mineral Gay-Lussite,

gives up, according to Boussingault, but little of its soda to

water: while carbonate of soda or of potash can retain carbo-

nate of lime in solution, and deposits it by exposure to cold as

a white crystalline powder, which Bauer found to have the com-

position of Gay-Lussite.
The action of water upon the metallic chlorids had been be-

fore examined by Hose. He showed that where heat is evolved

on their solution, there is reason for considering that the chlond

does not dissolve unchanged, but is decomposed into chlorhy-

drie acid and a metallic oxyd. Many of these chlorids undergo

astillfmtli- i the oxyd,

or generally a basic salt, is separ -sumed that

anequivah ttained in the solution. The ex-

istence of r
tth some of

these conn .m. the decomposition

is so oompl. ter have been added, that in the

liquid no trace, or only an infinitesimal one, can be detected.

Where, as in the case ;

aid retains a certain

quantity of the metal, Eose considers it to exist in the state of
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neutral salt, held in solution and protected from the decompo-
sing action of the water by the excess of free acid. By evapo-

ration the salt can be made to crystallize ; but it is then a neu-

tral salt, and never has one of the so-called acid salts been ob-

tained in a crystalline, or in any solid form. The separation of

the oxyd is analogous to the precipitation of certain bases by
carbonate of baryta, and may be regarded, like it, as a criterion

of the feebleness of their basic properties. That water should

not be able to separate from the basic salt the whole of the acid,

is not surprising; for, from the basic chlorid of bismuth, the

strongest alkalies cannot take the whole of the chlorine.'

The decompositions in which water acts as an acid, are exem-

plified in the formation and composition of the greater number
of the carbonates. That the precipitates produced by alkaline

carbonates in metallic solutions are 1 isic s: Its, was vv ell known.

They are regarded by Eose as compounds in which the feeble

affinity of carbonic acid for bases is overcome by the action of

mass of the water, which, displacing the acid, remains combined

with the base ; they are compounds of the neutral carbonate

with the hydrate of the base. Their composition necessarily

depends upon the nature of the base, and upon the larger or

smaller quantity of hot or cold water which acted upon the car-

bonate at the moment of its formation, or during the washing

required to separate the alkaline salt. The oxyd of silver alone

was found to be without all affinity for water; the precipitate

produced in its solutions being under all circumstances neutral

carbonate of silver. Even the carbonates of the alkalies were

found to lose a little of their acid, when the solution was long

boiled. Water was then shown to have a similar action upon

the salts of boracic acid ; and the disintegration of the natural

compounds of silicic acid, which is constantly going on through

the agency of water and carbonic acid, is to be ascribed to the

same power of feeble affinities, when aided by mass, and con-

tinued through long periods.

It will have been seen that it was Rose's habit to retain a sub-

ject, often for many years, in his thoughts, and to publish from

time to time the results of his im in the inter-

vals he was occupied with other works. This makes it impos-

sible to consider his writings in strict chronological order, and

accounts for the want of arrangement and unity which his series

of papers sometimes present. Could he in after years have

collected and re-arranged the thoughts and facts which are scat-

tered through hi3 successive publications, as was his intention to

._ w _«! sulphate of mercury (HgO.S0s+.-.
ted liquid, combines
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do with his researches upon the acids of the tantalites, much
would have been preserved which is now overlooked in the
great extent of his writings, or has been lost in the imperfect
abstracts which have been made of them. The first paper of
his researches upon the decomposing action of water was pub-
lished in 1851, but as early as 1839 this action was suggested as
the cause of the production of ether in the distillation of alcohol
with sulphuric acid.

Of the previous theorie
tact theory attempted no e

tion of ether with a group of reactions whicb~ from their general
resemblance, were assumed to depend upon a common principle.
The older theory that alcohol, regarded as the hydrate of

oxyd of ethyl, was decomposed by the affinity of sulphuric acid
for water, failed to show why the water distilled over with the
ether. Liebig, assuming the formation in the first instance of

duction of ethe
and not simultaneous reactions; the resolution of the sulplx
vinic acid was ascribed by him to the temperature of the boiling
liquid. Two defects were pointed out in his theory. It was
shown by Eose that the formation of ether takes place at a tem-
perature inferior to that at which sulphovinic acid is decom-
posed; and it was objected that the theory supposes the forma-
tion and decomposition of this acid in the same liquid. The
latter objection had especial force after it was shown by Mits-
cherlich that the production of ether continues when the alcohol
w supplied in the state of hot vapor, where no great difference
of temperature in the portions of the liquid is possible.

Rose, holding to the view of Liebig that sulphovinic acid is

first generated, and that the formation of ether and water is the
result of different actions which do not occur at the same mo-
ment, considered the decomposition of the sulphovinic acid to
arise from the action of water, combining as a base with the
sulphuric a the oxyd of ethyl. Water acts in

his view upon the double sulphate of water and ethyl precisely
as it does upon the salts of feeble bases, like bismuth or anti-

mony. The difficulty lies here again in conceiving the formation
and decomi hovinic acid in the same liquid.

: In considering the possibility of the formation and decompo-
sition of a compound under the same circumstances, two cases

should, we think, be distinguished. When sulphovinic acid is

decomposed by the basic action of water, there may be another
cause beside the affinitv of the sulphuric acid for water, which
prevents the reunion of the water with the oxyd of ethyl. For,

were they to combine, there would be a reproduction of alcohol

*n the same liquid in which it had just been decomposed. It
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might consequently be again resolved into sulphovinic acid and

water, and the process be continued indefinitely without giving

rise to any new product. Such a perpetnum mobile is as incon-

ceivable in chemistry as in mechanics. The fact that alcohol,

if reproduced, would be immediately again decomposed, seems

to show that the balance of affinities cannot be in favor of its

formation. It may then be the decomposing action of the sul-

s prevents the combination of the

oxyd of ethyl with water. The production of alcohol

instead of ether, when a not very concentrated solution of sul-

stilled, does not prove that the same solution,

I not give the opposite

result. The direct experiment could, of course, give only an

ambiguous result.

The case is, however, very different when alcohol is first re-

solved into sulphovinic acid, and this acid is in turn decom-

posed, not back again into alcohol, but into the two new pro-

ducts, ether and water. It is conceivable that the existence of

such a transition stage may be the cause of the ultimate decom-

position of alcohol into ether and water. The duration of the

sulphovinic acid is of no consequence in the production of ether;

and if decomposed at the moment of formation, there would be

apparently an action of contact, or catalytic action, on the part

of the sulphuric acid. May not many, if not all, of the reac-

tions which are ascribed to catalysis be really the result of the

formation and direct decomposition of some compou
have succeeded each other so rapidly that the compound ltselt

Several facts, some of which have been discovered since the

of the sul

process for the preparation of ether, the greater the proportion

of sulphuric acid which is added to the alcohol, the big

the temperature of the mixture be raised; that is, where the

action of water is counteracted by its union with a concentrated

nei'i. a higher temperature is necessary to weaken its al

the acid and enable it to act as if uncombined. In the opposite

case, when sulphovinic acid largely diluted with water is heated,

alcohol and not ether distils over.' The ether, at the moment ot

formation, meets with no sufficient impediment to its reunion

with the water. Frankland and Reynoso have shown that bro-

mid, and iodid, of ethyl, when heated with water in closed tubes,

are resolved into hydro-bromic or iodic acid, and ether, togetne

4 M. Barreswil (Ann. Ch. Phys., [3], xx, 364) has, we find, previously •£**£
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with other products of decomposition. Reynoso found that
when sulphuric acid and alcohol were heated under pressure,
more or less sulphovinic acid was produced in the greater num-
ber of cases; and only when a very dilute sulphuric Rcid was
employed, could none of this acid be detected.
The experiment of Graham, which is quoted by Prof. Miller

as opposed to Rose's view, seems capable of a different explana-
tion. 100 parts of oil of vitriol, 48 of alcohol of #p. gr. 0*841,
and 18-5 of water, were heated in a closed tube to 143° C. for one
hour. The alcohol was evidently decomposed by the large
quantity of acid, and no stratum of ether formed upon the sur-
face of the fluid. The tube was opened, and the fluid divided
into two equal portions. One of the portions was mixed with
half its volume of water, and the other with half its volume of
alcohol, and both sealed up in glass tubes and again exposed to
143° C. for one hour.

It would be expected, says Prof. Graham, on the ordinary
view of water setting free ether from sulphovinic acid, that
much ether would be liberated in the mixture above, to which
water was added. The ether which separated, however,
amounted only to a thin film, after the liquid had stood for
several days. In the other liquid, on the contrary, to which
alcohol was added, the formation of ether was considerable, a
column of that liquid appearing which somewhat exceeded half
the original volume of the alcohol added.

This is, however, not opposed to the views of Rose. It is

well known that if, in the preparation of ether by the usual
process, a too dilute alcohol be employed, so that the acid be-

comes diluted beyond a certain point, the formation of ether
ceases, and the alcohol distils over unchanged. In the portion
°f the liquid to which Prof. Graham added water, the affinity of
the sulphuric acid may have been so weakened that it was un-
able to prevent the recombination of the ether with water; for,

as has been said, diluted sulphovinic acid gives, on distillation,

not ether, but alcohol.

The more recent theory of Williamson, of the constitution

and formation of ether, offers no other explanation of the de-

composition of the sulphovinic acid than the tendency to dupli-

cation of th hich Prof Graham has ascribed

to a "polymerizing action" of sulphuric acid; to this, however,
at present, no more meaning can be attached than to the older

term "catalytic action," of which it is, indeed, but a special case.

. Nowhere are the qualities of Rose's mind, his perseverance,

his clearsightedness and his earnest love of truth, more clearly

shown than of the acids of the tantalites. He
A*. Jouh. Sci.-Secon-d Series, Vol. XXXVIII, No. 114 -Not., 1864



322 Heinrich Rose.

Bjed upon it nearly twenty years, and to within a short

iffh nineteen

of the volumes of Poggendorffs Annals. It was his intention

to collect these papers into one memoir for the Berlin Academy

;

but this purpose was not to be accomplished.

His researches led him in the end to results in the highest

degree curious, and without a parallel in the history of the sci-

ence. They present the nearest approach which has yet been

made to the transmutation of an element. Their point of inter-

est has however been sometimes overlooked, and the research

regarded but as a detailed account of the properties of bodies

; little interest or importance. For the minerals ;ire

found in few places and in small quantities, and the acids which

icm are not characteri 11

For by far the greater part of our knowledge of them,

and for all that we know of them individually, we are indebted

; led t

racted by the fact, that while the tan-

talites of Bavaria and America, the columbites, and the acids

derived from them, had been shown by Wollaston and Thomson
to hav.-j a lower specific gravity than the tantalite and tantalic

acid of Finnland, the columbites themselves from the
cality, and having the same form and composition,

_

different specific gravities; as did also the acid which they (

taincd. He was hence led to suspect the presence of more than

one acid in the columbites, by which their varying densities

might be accounted for.

In 1844 the existence in the columbites of a new element was

announced, which he named Niobium, from the daughter of

l^lltalus. Rose obtained, by 'heating the acid of the columbite

mixed with charcoal in a current of chlorine, not only the yel-

low chlorid which the acid from the tantalite gave, but also a

white sublimate, which was the chlorid of the new metal.

In 1846 Rose discovered that the yellow chlorid from the co-

was a different substance from that obtained from the

•id; he considered it to be the chlorid of another new
metal and gave it the name of Pelopium. The tantalites, then,

contained tantalic acid, the columbites the niobic and pelopic

acids. "There is a greater resemblance," says Rose, "between
the tantalic and pelopic acids than between the compounds of

any two other metals ; the properties of the niobic acid, on the

other hand, are very different from those of the others." Still

the separation of the chlorids of niobium and pelopium was at-
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tended with the greatest difficulties. " I do not exaggerate when
Tsiv that the chlorid of niobium could not be considered as
quite free from pelopium until the conversion of the acid into
chlorid had been repeated from twenty to thirty times." This
was the second stage of the research; Rose's remark gives some
idea of the immense labor with which it was attended.
For seven years Rose was now occupied in studying the prop-

erties of the two acids, on the supposition that they were the
oxyds of different metals, when, at last, their true nature was
disclosed to him by a fortunate accident. And how many great
discoveries have been owing to accident! to accident in the
hands of one who knows how to make use of it

!

A small quantity of the purest niobic acid had been mixed
with a larger proportion than usual of the sugar which by igni-
tion furnished the charcoal. The mixture happened to be
heated very gradually in the cm I the niobic
acid gave, instead of the white chlorid of niobium, the purest
yellow chlorid of pelopium, unmixed with a trace of white.
The writer was that morning in the laboratory; he knew

nothing of what was going on, more than that the apparently
never ending experiments with the tantalic acids were being
continued, when the remark was made, "I have the idea that
niobium and pelopium are but one and the same substance;"

ited experiments soon enabled Rose to produce, from
either acid, either chlorid at will.

It might be supposed that the two acids and chlorids are iso-

J modifications of the same matter; but the yellow chlorid

i found to contain more chlorine than the white

, and consequently the pelopic acid is a higher stage of
: of the niobic. Pelopium having disappeared as a

separate element, the names of the acids were changed to the

hyponiobic and niobic acid : so that what was before the pelopic,

becomes now the niobic acid.

The hypochlorid of niobium, once formed, cannot be changed
into the chlorid by the further action of chlorine; but as the

. give rise to the corresponding
acids, and either chlorid could be produced at will from the acid,

here was a means of converting the one acid into the other.

- the only wav in which the hyponiobic can be oxyd-
jzed to the niobic acid; the most

\

gents are

in any known way of effecting this change. And what
* *till more] (ties, their

. when submitted to the different blowpipe tests.

From either the hypofluorid or the fluorid, metallic niobium
can be obtai i' potassium; and the metal is

^e same from whichev. v it mav haw been derived. But when
the metallic the product is always

b£rid?"
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hyponiobic, and never the niobic acid. So that here again is a

means by which, through the metal, the niobic may be changed
into the hyponiobic acid; but not the contrary.
By the action of bisulphid of carbon, or of sulphuretted hy-

drogen, the two acids are readily converted into sulphids; and
they may also be made to combine with nitrogen. But when
these compounds are reconverted by direct oxydation into acid,

the acid is always the same as that from which the sulphid or

the nitruret has been formed. In this way no conversion of

them is possible. Of this, Bose says " it is a phenomenon which
has no analogy in chemistry; for the two acids behave in this

respect not like the oxyds of one and the same metal, but of two
different metals. The tendency to the formation of the one or

the other acid must have existed in the metal of the sulphid

previous to its oxydation. The subject had now touched upon
ground which is as yet hid len from as by an impenetrable veil."

This is the point of interest in the history of these bodies;

"this it is," says Bose, "which has induced me to devote so

much time and labor to their investigation."
Throughout his life Bose was a firm supporter of the atomic

system introduced by his master, Berzelius, and maintained the

propriety of retaining the double atom for the bodies of the hy-

rns groups. In the course of his investiga-

tions of the minerals known under the name of tetrahedrite, he
became impressed with the necessity of halving the atomic
weight of silver. Only on the supposition that the sulphurets
of silver and of copper are isomorphous, and capable of repla*

cing each other in indefinite proportions, could he explain the

of those ores, or
' m ial formula.

analyses of the mineral first recognized by his brother,

Prof. Gustav Bose, and called by him poivbasite, and especially

of stromeyerite, which under th f sulphuret
of copper is a mixture of the sulphurets of silver and copper in

roportions, confirmed him in the correctness of his

view. In 1.857, he reviewed these facts in a carefully written

paper upon the Atomic Weight of the Elementary Bodies. He
shewed, in the first place, that the assumption of the double
atom, and consequent halving of the atomic weight of H, CI, I,

Br and N, and of P, As, Sb and Bi, was in accordance with the

chemical nature of t h their iso-

nt gases, and their

ctend the division of the

ie metals of the alkaline

the siilphurets of silver

f thef- >rmer to be halved,

da of silver and sodium

egard to the latter. As
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an argument for altering the formula of the alkalies, Rose
brought forward the fact that there is no known instance, at
least in artificial products, of the isomorphous substitution of an
alkali in place of a compound of equal atoms of metal and
oxygen. An objection to the proposed change, however, is that
the suboxyd of silver would then have the extraordinary com-
position of four atoms of metal to one of oxygen. This objec-
tion has weight, said Rose, so long as such a composition re-
mams an isolated fact; but should other similarly constituted
compounds be discovered, in the progress of science, it would
necessarily lose its force.

The subject occupied Rose's thoughts, and led to many at-
tempts to form compounds which would be admitted to contain

s of a metal combined with one of oxygen. In Octo-
ber, 1863, in the last paper which he wrote, he communicated
the discovery of a lower stage of oxydation of copper, which
has unquestionably this composition.

It was a fitting consummation of his labors that the view
»hich he had advanced in his earlier works, and maintained
throughout his life, should be so strikingly confirmed at its close.

Rose's reputation will, however, we think, rest mainly upon
the prodigious impulse which his works gave to the study of

temistry. To understand how this effect was "pro-
duced, we must look at the condition of the science previous to
his time.

Analytical chemistry had its rise in, and was first occupied with,

ducts. Passing by the names of
Wenzel, of Bergman, Scheele, and Kirwan, the earlier fathers

sis, whose works have now only an historical interest,
w <2 find in Klaproth a man whose whole life was devoted to
mineral analysis, and who connected, in point of time and by
the accuracv of his results, the older chemists with the later
school of which Berzelius was the head. He was, as has been
mentioned, one of Rose's first masters. At this time, the close
°f the last, and the early part of the present century, Fourcroy
and Vauquelin in France, and Stromever in Germany, were also

specially engaged with the exam la and other

f Freiberg, now best known for
hls metallurgical es-avs. an. I as the discoverer of bisuJphid of
«arbon, published in 1801 a Treatise upon Mineral An: lysis, to

*"»ich he added a Supplement in 1818. The works of Klaproth,
however, v.- n, tl i g npon ana-

nee. He introduced the use of caustic alkalies in the

^composition of siliceous miner - to draw
r the sub-

stances to be weighed. Klaproth 's I- ss; - s ..
. re unsurpassed in

their time, and retain their value as original works of experi-
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ment. Still, when wc compare his analyses with those of Eose,

which followed them after an interval of but a few years, we

had in that time made. To whom was this step due? Not to

Eose, for his career was but just begun.

A short time after the death of Klaproth, a Text-book on

Analytical Chemistry was published by Professor Pfaff of Kiel;

it contained the results of the most recent investigations, and in

arrangement and completeness far surpassed all previous com-

pilations. And yet this work was so completely superseded by

the treatise of Eose, published only eight years later, that it m
now almost forgotten. The explanation is to be found in the

circumstances under which the two treatises were compiled.

The work of Pfaff was the exponent of the analytical views

of Stromeyer and Klaproth, ami the other chemists of that

school; the treatise of Eose contain, d tht m v at <\ more pm ise-

ideas of analysis which the experience of Berzelius had devel-

oped. But Berzelius, though he has written a text-book upon

general chemistry, which is a model for clearness and simplicity

of style, has left no separate treatise upon analytical em mn-TV.

Eose, during the years spent at Stockholm, had ample oppor-

tunity of learning the new methods, and the accuracy in the op-

erations of analvsis which Berzelius introduced; he now sup-

plied this want," and diffused the knowledge which had been

hitherto confined to the immediate pupils of Berzelius. The

processes of analysis had lost much of their tediousness and re-

pulsiveness from the smaller quantities upon which they were

effected; and the appropriate manipulations were described by

Eose with so much eh .

to all who had attained a moderate proficiency in the science.

AVith the appearance of Eose's treatise, a new era was opened

to analytical chemistry.

In the preface to the last French edition of 1859, he has him-

self given the best account of his great work.
"My first edition, published in 1829, was in one volume; it

was intended principally for beginners. It contained the first

attempt at a systematic plan of qualitative analvsis. This plan,

has been retained, without essential change, in all the later edi-

tions. My book ha,. means of introducing

the study of analytical chemistry into Germany ; and I have

had the satisfaction of seeing the plan which f had laid down
adopted in all subsequent treat i.-

ministry.

The course to be pursued in

seems to me, be preceded by an account of the reactions of the

inary knowledge enal
•

:
- •

-•' -
; •.. --.--. •

been separated, or indicates in doubtful cases all the reactions
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by which their presence may be ascertained. This part of my
work has been enlarged, in each new edition, by nnmerons ex-
periments. The rarer substances have always more pa i

my attention
; and I have given to them the more con-

,
in proportion to the difficulties of their detection and

I am now arrived at an age at which self-deception is no
longer possible ; I am about to revise my work for the last time.
I should, then, seek to make it as complete as possible. Im-

this feeling, I engaged in the task with ardor. I
collected all the facts with which the labors of chemists have
enriched science in the last eight years ; ] submitted them to
examination in the laboratory, and! added to them the results

any researches which I have myself undertaken for the
is work. Lastly, every portion of the book has been

°ar '
; ly_ revised, and I do not hesitate to say that, after so much

become an entirely new work, rather than anew edi-
tion of mv former Manual.
My work is now no longer intended only for beginners ; I ven-

ture to hope that it may be consulted in doubtful cases even by
experienced chemists."'

4

One circumstance is omitted in this simple statement: it is
the complete success of his work. From its first appearance,
and through all the alterations which it has undergone in
successive editions, it has maintained its place as the stand-
ard authority upon analytical chemistry. Of the many works
which have since been written upon the subject, not one has
assumed to compete with it. As diffusing the knowledge ac-
quired under Berzelius, as containing the results of his own
^searches, and his revision of those of other chemists, and,
anally, as offering in a practical form a compendium of the
whole science, Kose can claim a three-fold merit for his book.
h} his last year he was engaged in preparing an abridgment of

work, for which^a number of new experiments were
making. About thirty sheets of it were printed at the time
ot bis death. The modesty which led him to avoid mention of

-,- that the value of

a of the mode
malysia ought to be pert nni : U would regard the scheme as a

ad believe that a farail-

..: ; '
;''•:: t
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himself, makes it difficult for one not familiar with his writings

to judge how much of his work is derived from his own inves-

tigatioi's. We would suggest, in justice to Rose, and as a means
of trac ng in his book the progress of the science, that should

anoth'T edition be published, it be furnished with references to

the original sources.

In an early paper on Iron as a Constituent of the Blood, Rose

pointed out the effect of organic matter in preventing the pre-

cipitation of the peroxyd of iron and alumina by alkalies, and

that the property is peculiar to such organic bodies as are de-

composed by heat; while those which are volatilized by a high

temperature do not, in general, interfere with the precipitation.

He called attention to the error which may be introduced into

analysis by the production of soluble organic matter from the

action of nitric acid upon tbe paper of the filters; and showed
how this property may be made i

alvtical op-

erations as the separation of titanic acid from the oxyd of iron.

The same idea had occurred to Berzelius, who used it in the

separation of zircona ; it was afterward proposed by Otto as a

means of separating phosphoric acid from feeble bases, Mi4-k
ascribed to him by Rose without the slightest reference to the

previous application of' the same principle by himself.

His examination of the acichlorid of chrome, or chlorochro-

mic acid, suggested to Rose the means of solving a problem of

great difficulty—the detection of minute quantities of chlorine

in compounds containing bromine or iodine. The decomposition

of the natural aluminates, and the use of the acid sulphate of

potash in their analysis, were taught by him; he first showed

that the silica which had been found in these minerals did not

belong to them, but was derived from the mortar in which they

had been pulverized.

In his analysis of the hypophosphite of cobalt, he discovered

the property of the oxyd of this metal to combine with a fur-

ther and indefinite quantity of oxygen by ignition ; and he met

the difficulty by reducing the oxyd by hydrogen, and determin-

ing its weight in the metallic state; a proceeding which has

since been universally adopted.
We owe to Rose the use of chlorid of ammonium and of cy-

anid of potassium in the dry way in quantitative analysis, as

also that of fluosilicic acid. The different behavior of strong

and feeble bases toward carbonate of baryta, which he had in-

vestigated and shown to be one of their distinguishing charac-

ters, was also made use of to effect their quantitative separation.

The sesquioxyds, in general, are precipitated ; while tbe stronger

bases which contain only a single atom of oxygen are not

thrown down by carbonate of baryta at the ordinary tempera-

ture. To this, as to all general laws, there are exceptions, de-
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pending partly upon the peculiar nature of the metal of the base,
partly upon the acicl with which it is combined, and somewhat
too upon the time during which the action is prolonged. His
separation of cobalt and nickel was one of the applications of
this principle.

The estimation of chlorine in liquids containing sulphuretted
Hjdrogen was attended with a source of error, until Eose indi-
cated the proper way of removing the latter by a salt of per-
oxvd of iron. If the sulphur be separated by combining it
with a metal, whether by the use of a soluble or insoluble salt,
or of the metal itself, the sulphuret always contains a portiou
of the chlorine ; the nature of this compound Eose also de-
scribed.

The separation of the boracic, fluobydric, and especially
phosphoric acids, from the various bases, was most elaborately
investigated, .as was also the analysis of the sulphurets of the
higher metals by the use of chlorine. We owe to him processes
for the determination of tin, antimony and arsenic, and their
separation from other metals by fusion with carbonate of soda
and sulphur.

,
One of his latest analytical works, ivhich, though contained

in the French edition of his treatise, was published for the first
time in German in the last year of his life, was the estimation of
many of the more frequently occurring metals by ignition with
sulphur in an atmosphere of hydrogen.

Rose's style is simple and clear; it is that of one who has a
Jory to tell, and tells it in the plainest words. Its fault is dif-

arising from his ease of expression. It would seem
that he did not give as much attention to the composition of his
papers as to the execution of the research ; his results were com-
municated from time to time as they were obtained, without al-

ing until they could be methodically arranged. Hence,
though his works show the thought which he gave to his subject,
and the skill with which he conducted his experiments, they
nave not th of the essays of Gay-Lussac.
The leading traits of his mind were love of truth and exact-

ness, and the absence of vanity and affectation. Absorbed in
h's pursuits during the whole day, he yet did not consider him-
self a hard working man ; for, as he once told us, "I do nothing
in the evening: I only read the scientific journals." His industry

increased instead of diminishing with liis nge. A year before
n"s death, he said, " I have at most but a few years to live—and
vet so much remains to be done !" In his last years he allowed
himself scarcelv an hour in the day for any other recreation
tQan a long walk, which he took at dark throughout the year
and in all weathers. The kindness of his feelings was shown
A«- Jocr. Sci.-Second in.;- Vol XXXVIII, No. 114,-Xov., ISM.
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vith the young men whom he admitted inta

his laboratory; they were constantly invited to his house, and

received into his family circle, or presented to the distil

guests whom he had assembled. Many of our countrymen will

recall with gratitude how Berlin was made to them like home

by the cordial welcome of Rose.

In the beginning of the present year, the life that had accom-

plished so much, and which his friends hoped might yet long be

spared, was suddenly brought to a close. But a week before

his death, Rose was in his lecture-room. On the day of hia

death he asked for h ag that he felt much

better and should soon again be well. He died in the afternoon

of the 27th of January, of an inflammation of the lungs, after

an illness of only six days.
5

Born in nearly the same year, his fellow-student in the labo-

ratory of Berzelius, and Professor at the same University, Rose's

death took place within a few months of that of Mits

Differing completely in their dispositions and in the nature of

their minds, it is not surprising that their course in life and their

success should have been unlike. They agreed only in th*,

that they both attained the highest eminence. It was I

lich's fortune to make, in his twenty-fifth year, one of those

great advances which open a new prospect in science. It was a

step for which the age was waiting. It had been prepared by

the labors of Leblanc, of (xay-Lussac, and of Beudant ; it had

almost been anticipated by the theory of Fuchs. There was

wanting but the last idea for the genius of Mitscherlich to con-

ceive. No such discovery fell to the lot of Rose. His works

were eminently his own. Approprig
then in its infancy, but with rich materials for its developmer,

at his hand, Rose labored with untiring zeal, until he had buiU

up its every part into a perfect and enduring monument of his

j daughter who died a few years since, not 1<



H, /. Clark on Actinophrys Eichornii.

The structure in the genus Actinophrys is particularly inter-

esting, because of its manifesting a step higher than the simple
homomorphous organization of Amoeba, as described by Prof.

Wyman. Prof. Clark, in his communication on this subject, re-

ferred to K s in 1849, as recorded in the Zeit-

jie, and showed that, even suppo-
sing Kolliker to be correct, the division of the mass of the body
into an exterior and an interior portion, the former containing

much larger vacuoles than the latter, indicated a heteromorphous
organization, and tended toward specialization of parts. He also

added that he could not agree with Kolliker. that Actinophrys
is a homomorphous mass with vacuoles, but that he was convin-

ced that the so-called vacuoles of the outer and inner layers are

true cells, with a distinct wall about them ; a wall that could be
easily recognized with the help of the better sort of microscope-

objectives of the present day. Owing to the exceeding transpa-

rency of theorganism, no ordinary objective will Bh<

but, with a one-quarter inch lens, of one hundred and fifty de-

grees angular aperture, made for him last June, by Tolles, of Can-

astota, N. Y., he had no difficulty in working, with the proper

adjustment and corrections, through a sufficient depth of water

to completely cover the Actinophrys (A. Eichornii), and could

readily detect the walls, not only of the superficial cells, but also

of the innermost ones.
1

What is remarkable, too, the pseudopodia, as frequent and

careful observations have led him to determine, invariably alter-

* From the Proceedings Boston Soc. Nat. Hist., 1863, p. 281.
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of the Missis?:

i with the cells of the exterior laye

cms of tin rphous sn

fact would seem to add to the proof that the so-called vacuoles

are really cells ; otherwise it would be hardly credible that sim-

ple vacuoles, which come and go in an amorphous substance,

should always alternate with the pseudopodia.
Sometimes a pseudopod moves very rapidly, especially when

sed upon some victim, for then it retracts with a"sudden

jerk, and draws the prey close to the body, which finally engulfs

it in the same manner as does Amoeba. The pseudopodia ex-

hibit an adhesive power, which is remarkable u hen we c -i skier

the size of the animals mes drawn in bv them,

and, in this respect, remind one of the "adhesive vesicles'" in the

anchors of Lucernariae, which hold last to bodies with the great-

est tenacity, and, to all appearance, by simple contact, just as

glue and mucus adhere to anything which touches them.
3 In

a Difflugia (very near D. proteifonms) Professor Clark had ob-

served that, whenever the pseudopodia contract, they invaria-

bly become strongly wrinkled transversely; and, as' he could

not detect the least trace of an envelope, or wall-like layer, on
this part of the body, he believed that the wrinkling is peculiar

to the substance of the pseudopodia.

~>ER WlNCHELL.'

regarding the cause or

i from the prairies of the valley of

Jsippi is, of itself, sufficient proof that no sal

theory of this phenomenon has as yet been advanced. In the

mind of the writer, a conviction has for some time been growing
up, that we may discover the origi i «,f th.>

\
mines in the last

great geological revolution of the globe. The boldness of some
of the suggestions about to be offered, ought not to prevent the

presentation of them to the judgment of the scientific world.
In discussing the origin of the prairies, it is to be borne in

mind that there are two facts to be accounted for—1st. The
physical peculiarities of the soil and subsoil of the prairies—2d.

The absence of trees from these areas, in cases where no obvious

* See my paper on " Lucernaria, the Ccenotype of Acalephse." Proc. Bost. Soe.

x. p. 52, 1862; and also reprinted "with additions and notes," »n

following paper were first shadowed forth
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3ts. The first fact is brought into consideration under
the first of the following propositions; the other is discussed
under the prop,,-: ons wl ch ioilow the first.

1. The soil of the Prairies is a Lacustrine Formation.
Some of the older writers on the prairies, confining their at-

tention to the so-called " wet prairies," so common in Ohio and
ii< w usually termed "marshes,

v
"swales" and ''bogs"

—found little difficulty in discovering the true origin of this

class of prairies, and in proving that the humidity and sourness
of the soil were the real causes of the absence of ordinary upland
trees from their surface. Other writers, whose observations
were made upon the dry and rolling prairies of Illinois, saw no
immediate evidence of the aqueous origin of the soil, and knew
no cause but the an

n

ass, for the remarkable
absence of arboreal vegetation. It is this class of prairies to

v.'uien the present discussion applies. They are conceived to

have their origin in more general causes than the marshes and
Bwales before 'mentioned. The latter have not had a simultane-
ous origin, and tin- causes which have brought them into exist-

ence have been local and limited in their influence. Being pro-

duced by the tilling of ancient lakes, one has become a prairie

at one epoch, another at another; and the work of filling lakes

an I 1 „ v> < [ i dries ol this < lass is still in progress. For
these reasons, a distinction should be carefully made between
the wide, roiling prairies of Illinois and contiguous states, an*
the local' s\vales°of that or other states.

The lacustrine origin of the prairie soil is shown, first, by its

pin- h < 1, ,'
. m -.

=
Not only has it the fineness, color and veg-

etable const terizes such soil, but we actually

discover in it
-seminated

hundreds of miles from the present limits of the lakes. If,

among older foimatio,,^ <<-. are permitted to infer the origin of
the sediments from the nature of the included organisms, the

evidence fro ins is not less conclusive as to the

nature of the prairie sediments.
The lacustrine origin of the soil is shown, secondly, by the

necessary effect of geological changes of level which are gener-

tted to have taken place. From the head of lake

all the way around the lakes to Niagara river, exist

the well known evidences of a former higher level of the waters,'

Even the inc rending on the position of the

Erie at the time when the falls began to excavate their great

5
Hall. Geol. Rep. 4th Dut. New York. r ,, . K •>:.

.
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gorge—setting back through the chain of the lakes, would cause

a rise in lake Michigan, above its present level, of 25 feet. This

small elevation of lake Michigan would probably open an outlet

toward the Illinois river. But it is highly probable that the

escarpment at Queenston, by extending further north, attained,

in consequence, a somewhat high i pooh under

consideration. It could hardly be presumed, however, that this

was the barrier which dammed the waters of the lakes to the

much higher level, of which we have equally the in I

records. We need but refer to the well known proofs of aque-

ous erosion along the shores of the lakes, extending from their

present levels to the altitude of 200 and 300 feet. Mark the*

in the escarpments of the south shore of lake Erie ; in the lake

ridges of Ohio and Michigan
;

3

in the caverns and arches and

purgatories of Mackinac island 4—especially in the side of

" Sugar Loaf," whose base is now inland and elevated 150 feet

above the surface of the water. Whatever may have been the

barrier which dammed the waters to these heights, the evidences

of their former presence are incontestable. But the moment we
grant this ancient level to the waters, they inevitably escape from

us toward the south, through the m and Mis-

corroboration of the suggestion. The broad and deep, bluff-

lined valley of the Illinois was never excavated by the present

^considerable river. The deserted river valley discoverable at

intervals further north, indicates the former southward flow of a

large volume of water. At Lamont, this valley is distinct, with

its bounding bluffs and its "pot holes" worn m the solid rock

of the ancient river bed. But with the wat
standing one or two hundred feet above their present level, how
much of the region south and west of Chicago must have been

submerged? The ancient lake must have reached its arms into

Iowa, northern Indiana and southwestern Michigan. These, the

writer is convinced, were the relative levels of the land and water

1 We are aware that Col. Whittlesey has attributed the higher ridges to a sub-

4 Foster and Whitney, Rep. L. Sup,, ii, pp. 1
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for a considerable period immediately following the last great

submergence of the continent. This conviction was first reached
in the study of the prairies of Alabama, in the years 1851-2 and
3. Shells of I '„••>, M 'mil, \v., are here incorporated with the

soil, as in Illinois, but in much greater abundance; and the an*

cient water-line can be distinctly traced around the bases of the

knolls of white limestone, which rise like chalk islands from
the bosom of a dark and heaving sea. The aqueous origin of
the Alabama prairies was announced by K. W. Withers, 8 and
W. W. McGuire/ but they both adopted the evidence of marine
fossils, so abundant in the" soil, as proof of the former presence

of the sea ; and were not at all aware that the submergence of

which they saw the proofs had nothing to do with the formation

of the prairie soil.
8

The aqueous origin of the soil of the northwestern prairies

was intimated by George Jones in 1836,
9 who compares the

ml barrens of Illinois to the marshes, dykes and sand

flats of Holland. Lesquereux, in 1856,
10 ascribed the general

formation of prairies to water, and in 1861
11 reaffirmed his posi-

iey. Prof.

J. D. Whitney has distinctly asserted a lacustrine origin for the

prairies of the northwest," and Dr. J. S. Newberry " has recog-

nized the evidences of a former efflux of the lake waters over

the Kankakee ridge in northern Illinois. The indications, in-

deed, seem to be sufficiently patent to induce the general assent

of living weolowists to the doctrine of the lacustrine origin of the

soil of the prairies.

2. Lacustrint sediments inclose butfew living germs.

Of the seeds which find their way to a body of fresh water,

one portion—embracing the seeds of the grasses and sedges-
will float upon the surface, and eventually lodge upon the lee

shore. Another portion—embracing the fruits of most arboreal

vegetation—will sink to the bottom, and undergo a speedy de-

composition. Whenever a lake or a pond has been drained the

bottom remains a naked waste till the germs of vegetation have

been gradually introduced ab extra. The gradual encroachment

;on upon the ancient domain of a lake during the pe-

riod of its gradual drainage or gradual filling up, depends, of

course, upon a supply of germs from the main land.

' This Journal, xxiv, 187.
T

lb-. *xvi -
93

-
, , . . . -

So far as the writer is aware, he was the first to assert

Prof. Tuomey
PraineS *"

10 Bullet™. NaL
n
Scl'Neuchatd. " See 2d GeoL Rep. Ark.

13

Hall'sGW.o//cnM
( i,p.25.a ProcBo>- Slay, 1842.
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3. Diluvial deposits, on the contrary, are found everywhere re-

plete with living germs.

Many of the facts upon which this proposition rests, are mat-
ters of common observation, but the broad conclusion does not

seem to have impressed itself upon our attention. Nothing is a

more common observation than to see plants making their ap-

pearance in situations where the same species was previously
unknown, or for a long time unknown and under circumstances
such that the supposition of a recent distribution of seeds is quite

precluded. The following are some of the circumstances under
which the sudden appearance of unwonted species occurs.

1st. When a change is produced in the physical condition of

the soil. Left to nature, certain perennial grasses secure almost
exclusive foothold in our fields, and form a sod in which the or-

dinary annuals are unable to flourish. Break up the sod, after

any number of years, and subdue the perennial grasses, and we
shall have a crop of annuals the first season—Veronicas, Che-
nopodiums, Euphorbias, Portulacas, Ambrosias, Crab-grasses,

Fox-tails, Panicums, &c, &c. Cease cultivation, and the Poas
and Glycerins will hum liatt-ly resume possession. Similarly.

the pertinacity with which the common Knot-grass (/'

'"
'

'"' ''' - '/a " an 1 mail is its position only along the hard-

est beaten foot-paths is notorious; while the greater Plantain
(Plantago major) renders itself no less conspicuous growing
alongside. Earth thrown out of cellars and wells is generally
known to send up a ready crop of weeds, and not unfrequently
of species previously unknown in that spot. In all these cases,

after allowing for all known possibilities of the distribution of

seeds by winds, birds and waters, it still seems probable that

germs must have previously existed in the soil.

2d. When a change is produced in the chemical nature of the

soil. Illustrations are familiar to every agriculturist. How
soon does a dressing of undecomposed muck or peat develop a

crop of acid-loving sorrel—and how readily it is again repressed
by a dressing of some alkaline manure. Let the waters of a

brine well saturate a meadow, and how long before we witness

the appearance of Scirp»s .ii'iritim i, Tr. ' .".',:
i lariiimum or

some other salt-loving plant, whose germs, unless spontaneously
developed, must have lain dormant in the soil at a greater or

less depth.

3d. The disappearance of dominant species. It is well known
that the clearing of a piece of forest and the burning of the brush
is almost always followed by the appearance of certain unwonted
plants known as " fire-weeds." In many cases it would seem
highly improbable that the seeds of such plants have just been

the disap-

:-
'•

: --- "
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to their growth. It can hardly be doubted that the germs ex-
isted in the sod, ready to germinate whenever free sunlight
warmth and atmospheric air should be permitted to rouse their
atent vital energy. Of the same nature is the recurrence of par-
ticular forest growths upon the same soil. Not unfrequentlv the
second growth is of a very different nature from the first: In
the old fields of Virginia and other southern states the soil
cleared originally of deciduous trees, and then abandon
years of continuous cropping, sends up a growth of pines instead
of deciduous trees. Many similar examples will suggest them-
selves to the mind of the reader.

4. The living germs of the diluvial deposits were buried durinq
•' epoch.

J

"Whence come the germs of that vegetation which is every-™r« spring M to which recent seeds could not
have been distributed ? Thi;
many an inquirer who wouk

n\ m
e here venture t0 enunciate. Let us examine the facts.

(1.) The vegetation which characterized the close of the Ter-
tiary epoch was probably nearly identical with that existing at
the present day under the same climatic conditions. Even in
the older Tertiary Lignites, we have, according to the i

tion of Lesquereux and Newberry, the remains of plants belong-

"Jg
to the following American genera, viz: Quercus, Carya,

*}>put.us, Acer, Moras, • I.aurus, Persea, Cornus,
titius, Olea, Bhamnus, Uagn !

ia, S , 'ax, Thuja, Sequoia, Taxo-
dium and Sabal—identifications made from scanty and defective

and we may fairly presume that further investigations
W1
J1

greatly increase the number. Yet these plants, probably
older than the Claiborne sands, show, according to Lea
the greatest affinity with species of our own time." From

other beds of the middle or earlier Tertiary, we have still other
sjenera, such as Diospyros, Fagus, Nyssa, Aristolochia, &c.

J- he facts in our possession relative to the vegetation of the
middle and later Tertiary epochs, show a most decided approxi-
mation to the existing Flora. From a pleiocene deposit near
oomerville, Tennessee, Lesquereux identified the following recent

7. Quercus

From the chalky banks of the
Mississippi river, 'near Columbus, Kentucky, a collection was
made of which all the species are recent, viz: Quercus virens,

yfftaneanana?, Ulmus alataf, Planera Gn
/°«a, Ceanothus Americanusf, Carya olivceformis, Gleditschia tria-

is calamus. '"

It is true that Dr. D. D. Owen has
assigned the deposit containing these remains to the Quaternary

11
This Journal, [2], xxvii, 363. 1S This Journal, [2], sxvii, 364.

** Jocr. Sci.-Secono Sekies, Vol. XXXVIII, No. 114—Nov., 1864.
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period;
16 but as their position is 120 feet below the ferruginous

sands contai fersoni, and as the nature of these

species is incompatible with such a climate as we universally as-

sociate with the glacial epoch, it is quite likely this ass

of vegetable remains represents the general nature of the arboreal

flora in existence near the close of the Tertiary period.

Although our positive knowledge of the vegetation of the

period immediately preceding the advent of the reign of ice is

confessedly meagre, it is certain that all the facts in our posses-

) close specific correspondence with the moden
le same regions—modified

even in the latest Tertiary, the climate wa
than in the same latitudes at the present day.

(2.) The general effect of the events which ushered in and

marked the progress of the reign of ice was, to destroy the veg-

egation flourishing over all the northern portion of the

!e its forms with the cubic miles of debris detached from

lying rocks. We find the trunks and limbs of trees

buried 50 and 100 feet deep in t] ih. It is im-

possible that myriads of vegetable germs should not also have

been stored away. The drift deposits became the vast granery

in which nature"preserved her store of seeds through the long

rigors of a geological winter.

(3.) But what evidences have we that the seeds of plants are

capable of retaining their vitality through a geological

(a.) The ordinary process of destruction of vegetable tissues

is merely an oxydation of the carbon and hydrogen entering

into their constitution. It is seriously doubted whether the

requisite conditions for such oxydation exist at considerable

depths in the soil. It is stated that the piles sustaining the Lon-

don bridge have been driven 500 years, and are still compara-

tively sound. Old Savoy Place, in the city of London, is sus-

tained on piles driven 650 years ago, and they are yet perfectly

sound. One of the piles taken up from the bridge built by the

emperor Trajan across the Danube, was found petrified to the

depth of three-quarters of an inch, while the remainder of the

substance was unchanged after an interval of 1,600 years. The

buried tree trunks already alluded to must have lain since the

time of the last great geological revolution. Nor are these rare

cases, for the encroachments of the waves upon the shores of the

great lakes reveal whole forests of the buried trunks of I

Cedar, (Th tring scarcely a trace of the work

of destructive agencies upon them. Indeed it is known that

well preserved woody tissue has been frequently exhumed from

deposits of Tertiary, and even of greater age. The writer has

pieces of drift-wood from the Cretaceous sands of Alabama, m
18 Kentucky Rep., vol. i, p. 22.
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which the ligneous tissue is so fully preserved as to be capable
of ignition, like recent wood. Even from the coal measures of

the writer has made preparations of the delicate tissue
of Jungeraiannia-like fronds ; and from the coal mines of Lasalle
in Illinois, he has specimens of exogenous wood of a brown color
and not }-et carbonized, though partially pyritized. All these
examples tend to show the extreme slowness of the process of
decay in ordinary vegetable .tissues when excluded from the
usual conditions of decay by burial in the earth.

(b.) The oily tissues of which seeds are composed are still

more capable of resisting the tendency to dissolution; and
ought certainly to remain unchanged, under circumstances
which permit such perfect preservation of ordinary ligneous
fibre. The evidences are very conclusive, that the seeds of or-

dinary vegetation may he dounant in the miiI: <
. .-oil for half a

dozen or a dozen years. The seeds of Erechthiles and other
"fire-weeds" must have reposed in a latent state during the ex-
istence of the forest, whose disappearance is the signal for the

resumption of their vital activity. The same is true of the seeds
of the "old field pines," which have probably lain for an age or
n '"!". aw;iitiii,u t)i<> maturity and destruction of the deciduous

ich usurped the soil. How many ages may they have
lain there? How many more might they have lain and still

been found ready for the first opportunity to seize a foothold?

ur possession still more specific,

ndley raise'is well known that Dr. Lindley raised three raspberry plants
from seeds discovered in the stomach of a man whose skeleton
was found thirty feet below the surface of the earth, at the bot-

tom of a barrow, or burial mound, which was opened near Dor-
chester, England. With the body had been buried some coins
°f the emperor Hadrian, from whk Q assuming
that these seeds had retained their vitality for the space of

1,600 or 1,700 years. If they remained undamaged that length
of time, their condition was practically fixed; and who shall

say that If ),ui m \ears would have produced a greater effect?

Again, Lord Lindsay states that in the course of his wanderings
aniid the pyramids of Egypt, he stumbled on a mummy, proved
by its hieroglyphics to be at least 2,000 years of age. On ex-

the mummy, after it was unwrapped, he found in one-: ,-.
.

'

: :.: .-
." "

- - and bloom, d in a I . a itiful dahlia. The credi-

ts story may be questioned, as the real dahlia is a

cican genus, not known to botanists till the

3'^r 17.39. That a bulb of some sort germinated under the

mces alledged is not wholly incredible. It is further

d, and generally believed, that wheat is now growing in

England, which was derived from grains folded in the wrappings
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of Egyptian mummies, where they must have lain for two or
three thousand years. Prof. Gray does not fully credit the ac-
count, but Dr. Carpenter, the eminent physiologist, gives it his
full endorsement. Dr. Carpenter even goes so far as to give
utterance to the following observations, which happen to be
extremely pertinent to our present argument.

"These facts make it evident," he says, "that there is really
no limit to the duration of this condition, [latent vital
that when a seed has been preserved for ten years, it may be for
a hundred, a thousand or ten thousand, pro

.

oi circumstances either exposes it to decay or calls its vital

properties into activity. Hence, where seeds have been buried
deep in the earth, not by human agency, but by some geological
change, it is impossible to say how long anteriorly to the crea-
tion of man they may have been produced and buried, as in the
following curious instance: Some well-diererors in a town on the
Penobscot river, in the state of Maine, about 40 miles from the
sea, came, at the depth of about 20 feet, upon a stratum of sand.
This strongly excited their curios om the cir-

• that no similar sand was to be found anywhere in the

neighborhood, and that none like it was nearer than the sea-

beach. As it was drawn up from the well it was placed in a
pile by itself, an unwillingness having been felt to mix it with
the stones and gravel which were also drawn up. But when
the work was about to be finished, and the pile of stones and
gravel to be removed, it was necessary also to remove the sand
heap. This, therefore, was scattered about the spot on which it

had been formed, and was for some time scarcely remembered.
In a year or two. however, it was perceived that a number of
small trees had sprung from the ground over which the heap of
sand had been strewn. These trees became, in their turn, objects

of strong interest, and care was taken that no injury should
come to them. At length it was ascertained that they were
Beach-plum trees, and they actually bore the Beach-plum', which
had never before been seen except immediately upon the sea-

shore. The trees had therefore sprung from seeds which were
in the stratum of sea-sand that had been pierced by the well-

diggers."
17

It cannot be doubted, as Carpenter conch
the seeds of the Beech-plum had lain buried since the re-

mote period when that part of the state was the shore of the

slowly receding sea.

Such a fact, so striking and so circumstantially recorded, is

only of the same nature as others 1- -> ,••.•,, v'\ r. ':. v eh

daily pass before our eyes, in the upspringing of vegetable forms<'- "•...•...,....;
: - -

. -

other excavations.
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It must be confessed that the crucial observation is yet to be
made. If vegetable germs exist in the drift, they can be discov-
ered beforehand. The writer is not aware that any thorough.

s ever been made for them; but until they have been
actually detected, it is probable that even the convincing facts
cited above will fail to secure universal assent to our proposi-
tion involving the prolonged vitality of the seeds of t i

vegetation. While, however,, the case is far from demonstrated,
it may fairly be submitted that the explanation of certain fects,

afforded by our theory, is less presumptuous and improbable
than the supposition of spontaneous generation, the fortuitous
distribution of seeds by any modern agency, or any other ex-
planation which can be reasonably offered.

18

5. In proportion as the diluvial surface became exposed, the Flora
of the preglacial epoch was reproduced.
As the continent slowly rose from its last sea-burial, every

portion of its surface, inch by inch, passed under the action of
the ocean's surges. Even if the vegetable germs inclosed in the
ln " r" •- i;- rii'-iul portions ol the dint <]< posit had yielded to the
destructive agencies of a geological period, the action of the sea
Would have uncovered and brought to light some of the more
deeply seated and better protected seeds. If, then, our reason-
ings are correct, returning spring time vivified into activity

Is of germs stored away by Nature from before the
reign of ice; and the continent was again clothed with those
forms of verdure which had adorned it at the close of the Ter-
tiary period. But at this moment in the world's history, the re-

treating waters paused to brood over the wide region destined to
become the garden of the west; perpetual dilution converted
them into a vast inland sea of fresh water, upon whose bottom
gathered th that were to be the soil of the
prairies. Then, when, in the progress of events, either through
the removal of barriers, or the fnrtlu i upheaval of the land, the

the wide prairie region, there re-

mained a ik s i anse of vegetable slime. From
the bosom' of the slime no plant could start, for the germ was
not there. From beneath the load of slime, in the diluvial de-

posits below, no plant could raise its head, for it was sealed

hermetically from air and light and warmth. A shining coat of



342 A. Winchell on the Prairies of the Mississippi Valley.

verdure clothed everywhere the more ancient surface of the

drift ; and here and there in the abandoned lake bottom, rose a

knoll crowned with its emerald crest—an island perhaps in the

former lake. Thus the prairies were at first a naked and herb-

less waste.

6. The vegetation which finally appeared on the drained lacustrine

areas was extra-limital, and was more likely to be herbaceous than

The natural agencies in the introduction of vegetation from

beyond the limits of the prairie region would be winds, running
water and animals—especially granivorous birds. In a region so

nearly level, the agency of running water would be but feebly

exerted. Winds would exert a more important influence in the

dispersion of the lighter, and especially the feathered seeds; but

granivorous birds, it is believed, would exert a still more im-

portant influence. Yet it will be noticed that none of these

agencies, and especially the two more important ones, would
effect the distribution of any except the smaller and lighter

seeds. Numerous quadrupeds, it is true, engage in the trans-

portation of nuts and acorns, but no suitable storage place for

such fruits would be found upon the prairies, not to mention
the fact that they are transported and stored for consumption
rather than for seed. It can hardly be doubted that the humble
forms of vegetation producing the lighter seeds would be the

first to secure possession of the soil. Sedges and marsh-loving
grasses, especially, would eagerly occupy the ground, until the

chances of germination of any of the larger fruits, would become
exceedingly diminished. Thus the prairie became covered with

herbaceous vegetation exclusively, while all around the margins
was arrayed a shining fringe of forest trees, and every island

knoll stood crowned with its cluster of oaks. Around the bor-

ders of the prairie were the ancient sand dunes, blown up while

yet the prairie was a lake bottom. A peculiar vegetation would
suit itself to so purely arenaceous asional tree

would be able to plant itself along the belt thus destined to be-

come the " barrens."

Thus the prairies were treeless because the grasses first gained

foothold and then maintained it. The Indian, perhaps, made
his appearance at this time, and formed an alliance with the

grasses in their contest against the trees ; and thus decided the

question in favor of the grasses.

This is our theory of the origin of the prairies, and the

absence of trees from their surface. Fatal objections may
'

l that all other theories are un-
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1. The old and popular belief that the treelessness of the prai-
ries was caused by the annual burning of the grasses by the
Indians,

30
is now generally admitted to be inadequate.

2. The supposition that trees have been choked out by the

_
tangled roots of cane, which in turn has disappeared under the
influence of a burning sun,

ai has no applicability in a region
visited annually by frosts too severe for cane to survive.

3. The supposition that the absence of trees is due to too great
dryness of the soil during tl e s u irner, is disproved by the fact
that trees flourish naturally in drier soils in the same vicinity,

while, on being introduced, they flourish equally well in the
prairie. The treeless and almost herbless deserts of the far

west may have originated in extreme aridity of the atmosphere M

—as others have from the highly saline character of the soil-
but all our discussions have had reference to the prairies of the
Mi- ssippi valley.

4. A theory often urged is the considerable humidity of the
soil of certain prairies," and especially the wetness of the subsoil
in contrast with the dryness of the soil during summer." It is

that such an opinion could be entertained when it is so
well known that there is no situation so wet but certain trees

will flourish on it—the willow, the cottonwood, the beach, the
ash, the alder, the cypress, the tupelo, the water-oak, the tama-
rack, the American arbor-vitas or some other tree—some of them
standing joyously half the year, if need be, in stagnant water.
It is well known that swales are generally devoid of trees; but
the reason for this is to be found in the fact that since a soil as-

sumed the place of the ancient lake, the germs of trees have
never been introduced; while the introduction of such germs is

delayed by the circumstance that neighboring forests are gener-
ally such as are adapted to drier situations. Has it been found
that a green willow or poplar twig will not root and thrive in a
wet prairie ? But further than this, large portions of the treeless

prairies are ?wt wet. Is there a different cause for treelessness here ?

5. Prof. J. D. Whitney" has advanced the opinion that the

extreme fineness of the prairie soil is the cause of the absence of

trees; and the author of the article on "Plains," in the New
American Cyclopedia, seems to have adopted this view.

Against this "theory we see several weighty objections. Many
alluvial soils, as pulverulent as that of the prairies, are densely

t This Journal, vol. i p. 331.
n This Journal, vol. xxiii, p. 40.

,
. ;.-. .--. ".

.
:". "..

dewberry, Ohio Agric. Rep., 1859; Lambert, Pacific R. R. Rep.,

U 116 ; Bourne, lb., ii, 30 ; Lesquereux, U Ark. Geol.

A'/)-; Western Movthh, .\f„nnvne, Feb., 1836
ii.

M Iowa Geol. Rep., vol. i, p. 24.
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and that in the same latitudes and under the same me-
sal conditions. Again, partial or complete destitution

i observed on the coarser, sandy borders of the prairies,

1 recent sand dunes, even where no lack of vegetable
_;e exists. But the fatal objection to this theory, and

.

all theories which look to the physical or chemical condition of

the soil, or even to climatic peculiarities, for an explanation of

the treeless character of the prairies, is discovered in the fact

that trees will grow on them when once introduced—not water-

loving trees exclusively, but evergreens, deciduous forest trees,

and fruit trees—such as flourish in all the arable and habitable

portions of our country. Everybody now knows that trees

flourish well on the prairies; and the prairie farmers are ac-

tively engaged in their introduction.
26

It seems to us that this

fact alone m tnst the views advanced by Whit-
ney as well as those of Engelmann, Bourne, Atwater and others,

who have attributed the distinctive character of the northwestern
prairies to an excessive humidity of the soil.

University of Michigan, Aug. 30, 1864.

The following paper on the nebular hypothesis differs from
any other with which I am acquainted in several particulars,

the principal of which are the arrangement of the parts treated,

and the mathematical discussions introduced. It treats the the-

ory of the subject first, and then the phenomena of Nature are

compared with the theoretical conclusions.
The only apology which I have to offer for going over so

much of the subject is that I attempted to prepare some articles

on detached portions of the hypothesis, and found the explana-

tions, which would be necessary to render the subject inl

to those who had not made the matter a study, so many that the

space demanded would be nearly equal to that occupied by the

present paper.

That there is a growing interest in the subject, is known to

every astronomer that has paid any attention to what has been

written. It is a great problem yet to be completely resolved.

The complete analytical treatment of the nebular hypothesis

presents many difficulties ; and without such aid it seems impos-

sible to ascend to the origin of the solar system. I now submit
what follows to the candid judgment of my readers.

" Compare Wells, this Journal, i, 331 where the forest is said to be encroaching
on tfepnim

I . xsxvi, 389 ; Edwards, Rep-
Dep. of Agnc, 1862, p. 495.

LJ



D. Trowbridge on the Nebular Hypothes\

immense ages
1. Geology has revealed the fact that it took i

of time to form the earth, and fit it for the habitation of i
lhe same science also points, somewhat definitely, to a time
when the ei

t ,1,,, ,,,
; on> v

science, applied to the problem of the earth's conformation,
teaches us that the earth has that form— th,

face not considered—which it ought to have if it were in a fluid
ed its present form. These facts— to which

we might add the condition of Saturn's rings—seem to teach
that the earth, and in short the whole Solar System, were once

form state. An additional argument in favor of this
V1<

9
W
\?-

derived from ttie Physical constitution of Comets.
2. With these preliminary rhcrs and considerations, perhaps

we may be justified, in treating of a hypothesis—in .

that the Solar System was once but a single body, and in a gas-
eous condition; and that this simile solar body was but a de-
tached portion of a still larger and more extensive a
being in a still more primitive state. If we ask what is the
cause that made the materials from which worlds have since been
made assume that primitive gaseous condition, we must look for

er to the operations of caloric. Philosophers, in their
investigations, have arrived at this general conclusion respecting
the operation of heat, namely, that mechanical action develops
"j and the greater the action the greater the heat; and that as
soon as heat becomes sensible, it tends to change the condition
or bodies. This, then, reduces the cause of the primitive gas-
eous state of the stellar and planetary worlds to mechanical
action. 1 As the mechanical action becomes less and less, the
operations of heat become less and less potent.

I. Of Stellar Systems.

3. Let us assume that there once existed an immense and
widely extended nebulous mass, from which solar and planetary
bodies were I. It is extremely doubtful that
the astronomer will ever obtain, with the telescope, any infor-

mation respecting the existence of any such nebulous mass, even
lf such a body now exists within the range of telescopic vision,
83 I have attempted to show in a former paper in tins Journal.'

4. We may now ask what was the probable nature of this
supposed nebulous body? Was it homogeneous in structure, or
was it heterogeneous? Let us try to determine this point. But
&rst, what was the form of this great nebulous mass? Here
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again we are reduced to conjecture. We cannot determine,

with any approximation to truth, what the original form was.

"We may suppose it to have had no definite form, according to

our conceptions, but rather to have been an amorphous mass,

like the clouds of vapor which float in our atmosphere. If we
could suppose this great nebulous mass to have been symmetrical

in form and homogeneous in structure, in the process of cooling

and condensation there would be little probability of its gene-

rating a rotatory motion on an axis; and under such conditions

the matter would condense into a sphere. But we have not the

remotest evidence—nay, all our evidence is to the contrary—
that the original nebulous mass was homogeneous. It is a very

difficult thing to find even a small amount of matter perfectly

homogeneous. We must, therefore, conclude that the probability

against the homogeneity of the original gaseous mass, is many
millions to one in favor of it. Even if it were originally per-

fectly homogeneous, but of irregular shape, the attraction of

gravitation, and the other forces of nature which acted upon it,

would soon' cause it to become heterogeneous in its constitution.

5. Again, if we suppose the original fluid mass to have been

symmetrical in form (at least one of some particular forms), and

arranged in strata that were homogeneous in themselves, the

process of cooling and condensing would not generate a rotatory

motion, and the mass would ultimately become a sphere. But

the chances against such an arrangement of the nebulous mass

would be equally as great as against the condition previously

described. These are the only cases in which it seems possible

for the mass to condense without generating a rotatory motion.

6. The science of mechanics teaches us that if a fluid mass be

not so constituted as to be arranged in strata, homogeneous in

themselves—the strata being of different densities or otherwise

—

it will not be in equilibrium
;

4 and in this case the attraction of

gravitation, radiation of heat, and whatever other active and

modifying causes might operate upon the nebulous body, would

cause the fluid mass to change its parts so as to seek a condition

of equilibrium ;
* and such a change would generate a motion

of rotation about one or more axes. It is highly probable-
caused by the form of the body, and the heterogeneous nature
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of the materials composing it, and perhaps other things—that
the fluid would cool unequally in different parts, and in such,
places it would condense unequally, and thus, if they did not
already exist, different centres of attraction would be produced.
Around these different centres, matter would accumulate and
condense, and these nuclei, so formed, would revolve around
their common centre of gravity. As soon as a rotatory motion
had commenced, centrifugal forces would begin to act ; and as
the process of cooling continued, the attraction of gravitation
would have a greater control, (for the tendency of heat is to ex-
pand all bodies, and thus to operate against the attraction of co-
hesion, and also of gravitation in the case which we are consid*
ering,) and thus the mass would be condensed, and the rotatory
motion thereby increased. But an increase of rotatory velocity
would also increase the action of the centrifugal force, and this

process would continue until in some parts the centrifugal force
might equal the force of gravity, and a separation would take
place; and in this way each nucleus might ultimately be sepa-
rated from all the others, when each would pursue its own course
around the common centre of gravity of the whole.

7. Each nucleus would itself be in a condition very similar
to that which at first existed in the original great fluid mass.
The same laws and forces acting on each nucleal mass, would
generate a motion of rotation, if the previous separation had
not already given it an initial rotatory velocity,- and this mo-
tion would generate a centrifugal force, as before, and each of
these masses would separate into parts. This process of separa-

tion would continue until such a result could no longer ensue,

During all this time, it must be recollected that the original nu-
cleal parts would continue their revolutions around their common
centre of gravity, while the parts into which each original nu-

cleus was divided would continue their revolutions around their

common centre of gravitv. In this way each division, or sys-

tem, would continue its own independent revolution, and at the

same time it would be carried around the common centre of
gravity of the greater system of which it formed a part; just as

the satellites revolve around their primaries, while the primaries

a*e at the same time carried around the sun, and the sun around
some more distant centre. It is in this way that we would ac-

count for the existence of clusters of stars.

8. Notwithstanding the probability that the detached parts

would have a motion of rotation impressed upon them, yet we can-

not so easily infer that this motion would be in the same direction
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as that of the original mass. 7 Yet, if the primary masses should

give the satellite portions, in the act of separation, a tendency in

the same direction as themselves, every system would probably

revolve in the same direction. As these systems, or nebulous

masses, became reduced in size, from the number of separations,

they would ultimately reach a limit, after wl

tions as we have supposed would take place, and the body would

thus be reduced to that size and condition only fitted to form a

solar system. In a few cases compared with the whole, the final

separation which we have supposed might be into nearly equal

parts. Where there were but two centres of cond
which separated as we have just supposed, a binary star would

be produced; 8 and where there were three, a ternary system

would result; and where there were more nuclei so related to

each other, multiple stars, or systems, would be produced.

9. According to the view of the sidereal heavens which we

have just explained, we conclude that the suns of the universe

should be found to exist in clusters, and that these clusters are

but parts of a cluster of clusters, and so on, each forming, as it

were, an island universe. All the suns that make up these

clusters must be in motion, 9 each pursuing its own h

course, while, at the samewtime, it will be carried onward in it*

greater orbit around the centre of gravity of the cluster of which

it forms a part, and so on to the great centre of the whole. So

far as observation as yet enables us to judge, it is concluded that

the stars are arranged in clusters, but how nearly the grainier

conception, that the clusters are themselves arranged into sys*

terns, is true, we cannot at present decide.

10. As each sun forms the centre of a planetary system (in

all probability), there must have been as many centres of con-

densation as there are suns, or fixed (?) stars as in common lan-

guage we call them.

11. Now, although we have been unable to tell just how a

motion of rotation commenced, yet we have shown what condi-

tions must be fulfilled in order fur the matter to condense into a

sphere without generating a rotatory motion ; and as those con-

-

- '-. •..'. ....• ..
..,...-.- ••
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ditions are almost impossible,—perhaps quite so in nature,—we
see that a motion of rotation would result from the cooling down
of the nebulous mass, the attraction of gravitation, and other
forces of nature which might operate.

12. The preceding general considerations may be regarded as
applying with more force to the development of the sidereal sys-

tems, such as the Milky Way, and other starry clusters, than to

the formation of the solar system, or to any single system of a
sun and the planets which revolve around it. We have now
given a sufficiently lucid exposition of the development of the
starry systems—the island universes—for our present purpose.

10

We shall now descend from these general considerations in ref-

erence to the structure of the universe, to a view of the princi-

ples which governed the formation of the solar system, accord-

ing to the nebular hypothesis, and thus to see how far we are
able to go in accounting for the general structure of that system
of which we more immediately form a part. It is mainly in this

part of our subject that we must look for that proof of the truth

of the nebular hypothesis which will be in any great degree

satisfactory.

II. Of the Solar System.

13. Heretofore we have not supposed the nebulous mass to have
had any definite form ; but we have now arrived at a point in our

considerations where it is necessary to suppose the fluid body to

Save taken some definite form. Even if the larger parts of the

original nebulous mass broke up before they took that form

—

[_which the conditions of equ

require, we have evidence that the smaller division, the single

nucleus from which the solar system was developed, had so far

changed the distribution of its materials, that it approximated to

gation informs us what

lay have been.
14. A fluid mass which does

mately become spherical in form, whatever be the

llon.u But if it have a rotatory motion, it can ne

sphere, although l0 one in form

body which rota be swelled —

*

: .rm, wnarever ue mc iaw ui atuat

iave a rotatory motion, it can never become i

one in form. A fluic

ites on an axis will be swelled out at the equa

, that is, the particles of matter will be thrown from the axis

rotation, and there will consequently be a depression about

> poles.
'

Ultimately, however, the mass must assume a condi

' For a more complete discussion of that part of our subject which relates to th<

-
: • ,\ .
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.
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tion of equilibrium. The conditions of equilibrium are these:

the fluid matter must be arranged in strata the density oi « hiafc

throughout must be the same. These strata may differ from
each other in density, or the density of each one may be the

same—that is, the body may be homogeneous. Also the result-

ant of all the forces acting on any one of these strata, must be

directed towards the interior of the mass, and be normal to all

the strata.
1 '

15. In the case of a homogeneous spheroid there are, with a

slow rotation, two forms of equilibrium, one of which is an ob-

spheroid of small ellipticity, and the other is an oblate

I of the earth, the axes will, in the first form, be as 230 to

231 ; and in the second, as 1 to 681.
13

If by any means the

angular velocity of rotation becomes accelerated, the two forma

of equilibrium will approach each other; and when they unite

the time of rotation will be reduced to 2 1* 25m 26s
.

14
If the pe-

riod of rotation becomes still less, the fluid mass can no longer

hold together; in other words, the equilibrium will no longer

16. It has never been proved, so far as I am aware, that when
the body is heterogeneous, there are more than one form of

equilibrium. If the rotatory motion be slow, the demonstrated
form is one of small ellipticity.

15 But if it never has been

proved that there are more forms of equilibrium of a revolving

heterogeneous mass, than one, it is, perhaps, nearly certain that,

at least, two forms exist for the same period of rotation. Is it

more reasonable to assume, as has been done, that the very ob-

late form is a little less oblate than the corresponding form of a

homogeneous spheroid? Since the form of small ell

fas oblate in a heterogeneous spheroid than the corresponding
form of a homogeneous one, does it not seem probable that the

very oblate form of the former, is still more so than the similar

one of the latter?

17. We shall now assume that the primitive rotat

mass was, at least, mostly an aeriform fluid body, and that it

approximated to a very oblate spheroid. Before proceeding

a In other words, the potential of the fluid mass, when expressed in terms of any

.: : .

- -

. ting on the particle. Inte-
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182. The problem of the figure of a het



D. Trowbridge on the Nebular Hypothesis. 351

further with our theory, however, it will be advisable to
enquire into the nature of the constitution of the primitive
spheroid. For that purpose let us suppose the spheroid already
separated into rings by the processes of Nature. That being
done we have the means of arriving, approximately, at the prin-

cipal radii of gyration of the primitive spheroid at the time the
several planetary rings were abandoned. To do this we shall

proceed as follows:

—

The principle of the Conservation of Areas," teaches us that
if a body rotate on an axis, every point of which has the same
angular velocity, the angular velocity multiplied by the moment
of inertia with respect to the axis of rotation, will give a product
that is constant for the same body. Let

M = the mass of the primitive spheroid
;

£ = principal radius of gyration;

n = 3-14159, &c.

Then 2nM£2 = AT (1)

So long as M remains the same, A will, also; but if M vary, so
will A. Hence, as soon as the solar spheroid has thrown off a
ring, the spheroidal mass, M, will be changed, and therefore A
will be no longer the same quantity as before the separation.

But, according to Dr. Galle, the mass of the sun is 738 times as

great as the mass of all the other bodies of the sysi

We hence see if we entirely neglect the mass of aely neglect the mass of all the planets

to comparison with the mass of the sun, we shall neglect only
such a quantity as would be between the second and third or-

ders in the lunar theory. By making such a supposition, our
results will still be approximately correct. We can hence call

M and A constants. Let T and k apply to any one of the plan-

ets; that is, T, its period of revolution, being the same as that

°f the ring at the time the ring was abandoned by the solar

spheroid; and k the principal radius of gyration of the solar

spheroid at the same time. Now let T represent the time of

rotation of the sun, and k his principal radius of gyration
;
T,

and k
it similar quantities when the solar spheroid extended to

Mercury's orbit; T a
and k

3 , for Venus; &c. Equation (1) will

give

*L=*-, or k=K !r • • . • («)

Let the mean distance of the earth from the sun be 1, and the

jaean distance of any other planet be a ;
then by Kepler's third
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l 3 :a3::T
3
2 :T2, or T=T8<A .

This value of T in (2) gives

&
18. To find the value of k , we may consider the ratio of the

radius of gyration of the sun to his radius the same as the

ratio of the similar quantities in the earth, without material

i take, for the present, a for the equatorial radii

vhich ? is the density; and if the earth be heterogeneous, the

ment of inertia will be

M*»=l^V<[a'*(l -«')]<*«';
• • / • (

5
)

k*=z0*232a* (6).

The time of rotation of the sun is approximately 2.3 d 34. and

9, 441,000 miles. The time of revolution of the earth

around the sun is StiCi'
1 12.~^. With those numbers and the eo-

efiicient of a 2 in (6), we easily find the logarithm of the coeffi-

cient of a* in (4) to be 8-000845, 10 being added to render the

index positive. By enclosing the logarithm in brackets, (4)

becomes

k= [8-000845] cfi (<)•

By means of (7) we can easily compute the value of k for each

of the planets.

19. Let a
, represent the mean distance of Mercury from the

sun, a
2 that of Venus, and so on to a

a for Neptune, a 5
being

the mean distance of all the asteroids ; then we have

,B See Pratt's Figure of the Earth, pp. 72-Y4. It would hare been sufficient
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- a
3 = 1-282929, " a 8 -f - = 8-963041 = " *„

" a 9 = 1-477654, " a
9 + " =9-109084= " k9

The logarithms in the last column of numbers in the above
table, give for the corresponding numbers those in Table II.

* 9 = 0-128554 = 12,260,000 "

20. The above values of the principal radii of gyration of the
solar spheroid, at the time it abandoned the several

rings from which the planets were formed, show that even when
tlieNeptii!- id was very
much condensed about the centre; and that probably more than
half the mass was within the orbit of the earth as if now exists,

and the major part of half of it was within the present orbit of

21. We may obtain a rough approximation to the law of
density of the primitive solar spheroid, as follows:—Let A rep-

i-equatorial-diameter of the spheroid at the t

ban™"
Neptunian ring was separated, and no discontinuity i

roid being considered; or in other words, the spher
posed to be continuous, and still the centrifugal force is consid-
ered as equal to the force of gravity in all parts—a very im-
probable supposition, I admit;) and a the mean distance of any
one of the rings from the centre; then for the spheroid within

the outer diameter of the ring a, equation (7) will give for the

moment of inertia, calling B the coefficient of a*

and that of the ring, or shell between a and A, will be

M'*'*-M**=B[M'A*-Ma£j (8)



354 D. Trowbridge on the Nebular Hypothesis.

But equation (5) gives

M'A'*-M*»=^«^
A
D«[a»(1-0]rfa (9)

From (8) and (9) we have

B[M'A^-Ma^J =
r

8-^
A
Da [as(l_ e)]rfa. . . . (10)

Differentiating (10), A being a constant, we have

?BMa*=l*?De[a*(l-«)] (11)

We do not know the relation between a and «, and we might

assume any probable relation that would cause e to become at

the centre ; but it will be sufficient for our purpose to suppose «

constant. This supposition will cause (11) to assume the form

?= Ha"^ (12)"

From this equation, we see that the spheroid increased in

density very rapidly near the centre. If the density at the

mean distance of the earth from the sun be called unity, then

P = a = H = 1 ; and the density at the mean distance of the sev-

eral planets will be as given in the following table.

solar spheroid at the time when each of the planet

was abandoned from the equatorial parts of the spheroid. The

above numbers, however, must be considered as only a very

rough approximation to the true density.

22. If we suppose the angular motion of all parts of the solar

spheroid to be the same (w suppose) at any given time, the prin-

ciple of the

The

(13)

nail parts, legitimate;
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in which y is the distance of any particle from the axis of rota-
tion. From (13) and (14) we have

W= A" (15)'°

(

This equation shows us that the living force of the body va-
tfeswith the angular velocity; and as the angular velocity in-
creases with the loss of heat, we see that as the solar spheroid
gradually cools down, the living force of the mass gradually in-
creases. Or in other words, as the body loses its heat, the at-

traction of gravitation has a greater influence and increases the
living force of the body.
Even if the angular velocity of all the parts is not the same,

we may arrive at an approximate result, provided the different
strata differ but little iu angular velocity from the mean. Let
w represent the mean angular velocity of the body, then the
true angular velocity may be represented by w-j-w', wj-f-w", &c.,
in which we shall suppose »\ w*, «*', &c, so small that we may
neglect their squares in comparison with «a

. We hence have
^(Wy2)=v^2(w+w -)2= v(ww 2 +2;HWW ')y2=w2iu.2+2w v

(
„lwV2)=w

and *m(»+«>»=»M*'+*(«»'ya
)= A.

Iherefore

W= 2A«-.m»M*»= «[2A--mM**] (16)

From this equation we also see that W increases with w. We
may also have

Either of these expressions for W will approximate to A<u as
w'j &c, diminish without limit. From this we conclude that as
soon as a rotation has commenced iu a nebulous mass, its living

23. The
|

>id could have only approximated
to a symmetrical form, and to a symmetrical disposition of its

in the outer parts. If it were so consti-

toted, ir i9 diffic lit to see how it could separate into rings of

a being somewhat heterogeneously

tble width might be thrown off,

or rather abandoned.
24. The invariable plane of the solar system must be the in-

variable plane of the primitive solar spheroid, and that must

"If different strata have different angular velocities, A will no longer be a con-
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have coincided approximately with the plane of the equator.

to the plane of the ecliptic nearly the same as that of the prin-

cipal plane; and thus the outermost planet of the solar system

should move in an orbit whose inclination is nearly the same as

that of the principal plane of the .solar system. Grant 21 has

given 1° 35' 31" for the inclination of the principal plane, for

the year 1750. It is very difficult to find the exact inclination

of the invariable plane, since it is partly dependent on the mo-
ment of inertia of the sun and planets, and that, at present, can

only be determined approximately. By making as exact a de-

; as po> il»k, M L(-piuilt
rJ

has found the inclina-

tion of the invariable plane to be 1° 41'. The inclination of

the orbit of Neptune is 1° 46' 59". The correspondence of

these two numbers is rather remarkable. A nearer agreement
could not be expected, when we reflect that the inclination of

the planes of the planetary orbits to the invariable plane, is con-

stantly varying from planetary perturbations, and has been for

25. In the same manner as that in which the first ring was

abandoned by the primitive solar spheroid, in its process of cool-

ing and contracting and consequent increase of rotatory ve-

locity, other rings would successively be detached, and this pro-

cess would continue until the solar body would become so far

condensed, and the cooling process would go on so slowly, that

more planetary rings could not be separated. It has been sug'

gested by Prof. Daniel Kirkwood, that several rings might be

separated at the same, or about the same time ; and an investi-

bich will be given in & note, seems to strengthen the

.

-^l-

I attracted particle from the axis of P

id U— 2*?«<ptf

locity of rotation. Call the ratio of F to U, R, i
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26. The density of the external equatorial parts of the solar
spheroid, before any ring was sej arated, must have been very
small in comparison with the internal parts, as can be seen by
Table III, Art. 21, which makes the ratio as 1 to 2,000,000.
The consequence of this extreme rarity would be a difference in
the angular velocity of rotation of the several strata situated at
different distances from the axis of rotation. As the solar body,
then, became smaller from a loss of heat, and its angular ve-
locity thereby increased, the angular velocity of the external
parts would not be much increased, except by friction. Such,
particles, or perhaps we should say the outermost equatorial
strata, would tend to move under the influence of Kepler's
third law. The result of this would be that the outer strata
would not be separated at once, but as the solar spheroid quick-
ened its rotatory velocity, the several outer strata, whose cen-

d the force of gravity of the internal sphe-
roid, would hang together, each moving partly under the influ-

ence of the angular motion of the internal spheroid, and partly
under the influence of Kepler's third law. Such strata would
hang together until they had accumulated to such an amount,

their own attractive influence combined with the consid-
erable difference of angular velocity of the internal and external
parts, the whole of the strata whose centrifugal force equaled
the force of gravity—and perhaps some more, in consequence of
friction and cohesion—would be separated from the solar body.
In consequence of the extreme rarity of the external parts of
the solar spheroid about the equator, when the first ring was

'f it were possible for R to become 1 for a point on the equator, it would be 1 for

If the revolving body be a homogeneous spheroid of

eously, as suggest ' :
" equilibrium giv

(2* S <pe- U*)(zdx+ ydy)+4»!*ezdz= 0, or

U-~-)(xdx+ ydy)+~ zdz= {l-B.)(*dx+ ydy) + — zdz= Q.

e spheroid of swiftest rotation, we see that the equati.

a spheroid: but it indicates that there is a discontinuit
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abandoned, such ring would be of considerable width, greater,

very probably, than that of any other ring. We are thus able

to account, in a yery satisfactory way, for Prof. Kirkwood's
"spheres of attraction," in his beautiful "Analogy."

27. When the second planetary ring was separated, its density

would be greater than that of the first, both in consequence of

the continued condensation of the solar atmosphere—if we may
so term it—and also that it naturally existed nearer the centre

of the solar spheroid. In consequence of this greater mean
density, the second ring would not be so wide as the first, since

the friction and cohesion of the internal parts of the ring would
be so much greater, that it would increase the centrifugal force

to such an extent that the ring would necessarily separate.

28. For similar reasons, the width of the third ring would, in

general, be less than that of the second; the fourth less than

the third; and so on. In consequence of the attractive influ-

ence of the rings already separated, and also the pi

that the centrifugal force of the inner parts of the abandoned
ring would not equal the force of gravity, the third ring might

equal in width the second, but we have not sufficient reason to

suppose that this would frequently be the case.

29. In consequence of the extreme rarity of the external

rings, it might easily happen that their several masses might be

greater as the rings are nearer the center of the solar spheroid.

But since the diameter of the ring is less the nearer the ring is

to the centre of the spheroid, and the width of the ring less, M
we have attempted to show in the preceding article, the increase

of the masses of the rings, as they are nearer to the centre of

the spheroid, would reach a limit. Although this reasoning i9

by no means conclusive, yet we see from it that the planet hav-

ing the greatest mass might be found somewhere between the

nearest and most distant planet. But in consequence of the

want of a perfectly symmetrical distribution of the materials

composing the primitive spheroid, we should not look for an ob-

vious law regulating the distribution of the masses of the several

planets thus formed. It is sufficient to find that the planets

gradually increase in mass as they are situated farther from the

sun, until we arrive at the greatest mass, and thence a gradual

decrease.

30. If the materials composing the rings were so distributed

as to cause a greater amount to be detached from one side of the

plane of the equator of the spheroid, than from the other side,

it would cause a change in the direction of the axis of rotation

of the revolving body, and thus the second ring might be

somewhat inclined to the first. For a similar reason the third

might differ in inclination from the first and second ; and so on



D. Trowbridge on the Nebular Hypothesis. 359

to the last.
56 But since the mass of the largest of the rintrS in

our system is but a small fraction of the mass of the sun°\he
separation of any one ring would change the axis oi
but little; and thus, as is really the case, we should expect to
find the planets confined, in their motions, to a narrow zone in
the heavens.

t
31. When the primitive solar spheroid was assuming approx-

imate conditions of equilibrium, the more dense the material
the nearer to the centre of the body would it descend to seek
its position of equilibrium. Is it not possible that the metals
would in this /. . . -

. 1 _ v t.-r i-hun-ts with compar-
tnao the inner ones? A

to this view, the sun should possess comparatively more metals
than any of the planets. Would not this great abundance of
metals in the sun enable him to retain his heat for a greater
length of time? and would he not be more intensely lamia*
ous in consequence?" That metals exist in the sun has re-
cently been demonstrated experimentally by Messrs. Bui
Kirchoff.

32. The orbit of a planet, formed from a ring which was
abandoned, as described above, must be very approximately cir-
cular. It might differ from a circle in any one or all of four
ways: 1st, by the separation of the ring before the centrifugal
force equaled the force of gravity; 2d, by the ring's remaining

Tor some time after the centrifugal force equ
force of gravity, and the revolution of the ring being influenced
oy the increased rotatory velocity of the central spheroid ; 3d,
by the modification of the force of attraction by the contraction
of the central spheroid; and 4th, by the breaking up of the ring
to form the planet. The third and fourth causes would, perhaps,
he the most potent. Of course all such planets must move
around the sun in the same direction.

33. The distance from the central body (and what is very es-
sential to the planetary worlds, every system so formed must
have remaining a central body of comparatively large dimen-
sions,) of the planets thus formed, would, perhaps, follow some
approximately simple law; but since the real law of the dis-

tances would probably be very complicated, owing to the want
°f a symmetrical arrangement of the materials composing the
solar spheroid, it might depart in either extreme of distance
(very far from the sun, or very near to him,) very considerably
from the approximate law. Such, at least, seems probable.
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In the process of ring-making, and the breaking-up of the

r\nj< to form planets, the general principle of the conservation

of areas would hold good, but the vis viva of the system would,

as we have attempted to show, gradually increase, owing to the

greater influence of the force of gravity in consequence of the

loss of caloric, which acts as a repulsive force, from the system."

[To be continued.]

Art. XXXV.—Note on a Colored Derivative of Naphthaline ; by

M. Carey Lea, Philadelphia.

In the course of an examination of the compounds of napth-

thaline, the following observation was made, and, as at the

present day, every colored reaction belonging to the products of

coal-distillation is a matter of interest, I publish it.

While preparing some sub-chlorid of naphthaline C 3
H

g
Cl 3 ,

by passing chlorine over naphthaline, I washed the crude pro-

duct with ether, and separated the etherial liquid by nitration.

By exposure to the atmosphere, the ether passed off; there re-

mained a small quantity of a pale yellow transparent watery

ftd I ti
| ti 1. whic I a . a *

i 1 itself from the denser and more

colored portions. Placed by itself in a small capsule, it depos-

ited after a time a bright blue film. The liquid was poured off

from this film into another capsule, when it gradually deposited

a further portion.

The quantity of this blue substance obtained was exceedingly

small. It exhibited the following properties. It was insoluble

in water, in alcohol, and in ether. Exposed to an ammoniacal

atmosphere, it passed quickly to a full deep purple: vapor of

chlorhydric acid restored the blue shade. Ammonia in the

form of solution wholly destroyed the color, nor was it then re-

stored by chlorhydric acid as when it had been rendered purple

by ammoniacal vapor.

This reaction of a blue substance changed to purple by a

small quantity of ammonia, and wholly decomposed by excess,

is something quite new, and it is to be regretted that the sub-

stance is only obtainable in inanitesimal quantities as a by-

product.

tioaofVin^. We hope Prof. H. ^

f "the primitive' 'spheroid and the separa-

complete his investigations, and publish
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Art. XXXYL—On (he study of the Electric Spark by the aid of
Photography; by Prof. Ogden N. Eood, of Columbia College.

IN the March number of this Journal for 1862, I described a
new method of studying the electric discharge by allowing it to
fall directly on a sensitive photographic plate, where it produced
latent images of certain forms, which, under the action of the
developer, yielded very fine and sharp characteristic pictures. It
was shown at that time that there was a very marked difference
between the positive and negative figures, the former consisting

y of one or more stars and rings in combination, while
the latter was made up, for short discharges, of a collection of
dots or minute circles, which, by the use of a greater length of
discharge, became converted into two or more "thick concentric
nngs. This difference, which could only be fully manifested
hy the use of a large number of wood-cuts, was always so great
thai it was possible at a glance to decide whether the impression
had been produced by positive or negative electricity. It was
also shown that u i:

;

i
- the positive electric brush is characterized

hy the production of one or more very minute rings arranged

rush merely blackened the plate;
further, that the negative figure is in general much larger than
the positive, this being the reverse of what Eiess has shown to
be the case with the dust figures of Lichtenberg.
In my first paper, the term positive figure is applied to the one

produced when the prime conductor charged with positive elec-

tade the positive electrode, and the sensitive plate the
negative electrode ; a mode of speaking which is common enough,
though it p ak only of the figures

•d on the positive or negative electrode. By the term

; have and shall indicate the one which
13 trac I on the negati\ < trode by the discharge, and by
negative figure, the one produced on the positive electrode.

The usual mode of speaking implies the idea that the positive

electricity travels over to the sensitive {date (negative electrode),

and there tr f,
that the

negative electricity travels over to the sensitive plate (positive

ejectrode), and there acts to generate a figure of a different kind.

-Now the el rendered possible by the presence
of material partictes of some kind between the electrodes ; in the

act of discharge these particles are heated till they become lu-

minous; if they consist of air, the discharge through them can
oe traced as a blue or vi< 1< t line, \\ hile at or nearly at the same
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instant of til s are torn off from each electrode,

as shown by Feddersen, and, in an ignited state, projected in the

general direction of the other electrode. The source of the \ffM,

then, is twofold : 1st, from the heated gas, and 2d, from the

finely divided heated particles of metal. It therefore becomes

of interest to inquire by what particular portion of the luminous

matter these photographic figures are traced.

Making the sensitive plate the negative electrode, for example,

it might be supposed that the figure formed on that electrode

was produced, 1st, by the ignited particles charged with negative

electricity in their act of departure toward the positive electrode,

and 2d, that it was partly due to the arrival of luminous metallic

particles from the positive electrode, and 3d, that a portion of it

was due to the line of heated gas which extends from one elec-

trode to the other. That the figure is produced only by the 1st

and 3d of these causes the following considerations will render

probable. Feddersen found during the discharge of a Leyden jar

that when a resistance was introduced into the circuit sufficient

to reduce the discharge to a single one, viz : so that in one act

the positive electricity flowed toward the negative electrode and

the negative electricity toward the positive electrode, that me-

tallic particles were torn off from each electrode, and projected

merely in the general direction of the opposite electrode, being

often thrown sidewise wide of the mark, or in- other v,

very often the luminous finely divided metallic particles did not

seem to bridge over the chasm between the electrodes, which

were joined sometimes only by a fine line.

_
Fig. 1 is from two photographs obtained by him under such

circumstances, enlarged two diaine-

I have made some experiments on
the spark from an electric machine,
operating with very different appa-
ratus, but still have obtained corres

ponding results. A glass plate, 4 I

inches square, was coated with collo-

dion and sensitized as usual, then
|

washed with water and flowed wi
solution of tannin and dried. Its

face was of course sensitive to light, and to all Rpp

poor a conductor of electricity as glass itself. Next.

of tin foil were pasted on a plain glass plate, so that the electric

spark would pass from one to the other. The two
|

then firmlv pressed together, the tin foil being next to the sensi-

tive surface, and a Bp machine discharged

through th • in foil plate was then shifted halt

an inch, and a second spark discharged, &c. Afterward, the sen-
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sitive plate was developed with pyrogallic acid as usual, when it
was found that pictures of the path of the spark had been traced.
This path was very often not continuous from one electrode to
the other, sometimes there were two or even three breaks in it,

while i
f often happened that the discharge from the positive was

not in line with that from the negative electrode. See figures 2
ittd 3, which are enlarged
~ and ~> diameters.

With a microscope magni-
fying 20 diameters I have
observed similar interrup-
tions in the electric spark when dis- s.

charged freely in the air. rA- \ . _
We are therefore led to conclude

that it is probable that the photographic figures are traced mainly
by the luminous

j
ia I r departure for the op-

code, and if any effect is to be ascribed to luminous
particles coming from the opposite electrode, it is only that of a
diffused and faint blackening of the plate. Luminous material
particles are here spoken of because it is held, (as Pliicker very
properly insists,)

1

that electric light existent by itself is a fiction.

In all his experiments with the Leyden jar, Feddersen found
that the discharge proceeded simultaneously at each electrode,

electricity starting from the positive and traveling to-

ward the negative electrode, while at the same exact instant of
time negative electricity started for the positive electrode. This
is also known to hold good with voltaic electricity, and there
seems to be no reason why it should not also be true with the
induction coil, so as to render applicable to the induction spark
the results obtained with the Leyden iar or electric machin
The folio "

Apparatus employed.—A large induction coil by Kitchie was
used, which was however set in action only by a feeble battery-

power, so that the extreme length of the spark, when the sensi-

was the negative electrode, was only 1 TV inches.

1 ids was in order to make a comparison of the figures obtained
with those previously secured in using frictional electricity.

The plates were sensitized as described in my first communica-
tion on this subject, and the same form of apparatus for the pro-

jection of the spark was retained. In addition, a metal
was sometimes substituted for the brass ball, and in some cases

two insulated metallic points were fastened at varying distances

above the sensitive plate, in such a manner that the pos
rent, after leaving the first point, reached the wet sensitive siu>

1 Fogg, Ann, Bd. cxiii, 274.
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face and traveled along it for about an inch and a half, and then

passed from the sensitive surface through the air up to the sec-

ond point. Under the first point a figure was generated corres-

ponding to that which in my previous article I termed the posi-

tive figure, and under the second point a figure corresponding

to that described as the negative. This is in accordance with the

results previously obtained by placing the sensitive plate in con-

nection with the prime conductor charged with positive or nega-

tive electricity, and drawing a spark from its surface. The ad-

vantage of this mode of experimenting is, that positive and neg-

ative figures are obtained on the same plate, side by side, a;,d

consequently are generated under like conditions. 1

all these experiments, as in those before published, a portion of

the wet film always necessarily formed a portion of the circuit,

introducing thus a considerable degree of resistance.

When the poles of the induction coil are united by a metallic

or liquid conductor, on completing the voltaic circuit, a current

is induced in the induction coil which circulates in the opposite

direction from that possessed by the primary galvanic

and on breaking this latter circuit, we have a second induced

current circulating in the opposite direction from the first.

In this case, the poles of the coil are alternately positive and

negative. The matter is however quite different when, as in the

experiments detailed below, a portion of the induct

consists of air, so that a spark is generated. Here only, the cur-

rent, induced by break ircuit, is able to travel

through the intervening portion of air, and the poles become

fixed, and remain steadily positive and negative, as with a gal-

vanic battery. This has been proved during the last ten years

by a variety of experiments, and is further confirmed, were it

necessary, by the constant production of pure positive and neg-

ative photographic figures under answering circumstances. 1

have analyzed the induction spark between brass electrodes by

"revolving mirror, and find it made up of a very con-

siderable number of discharges, but according to what

above stated, they are not to be regarded as oscillatory, but

as always retaining their original direction. This is of course

a great advantage in studying the electric discharge by the pho-

tographic method, as we obtain an unmixed figure, compara-

tively simple in its constitution, and the information thus gained,

(it is* hoped,) can hereafter be applied to the elucidation of more

complicated electrical phenomena.

Form of the Positive Figure,

viz: that which is formed on the sensitive plate used as negative

electrode.

Length of the discharge r\ of an inch.
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(a.) When a brass ball is used as positive electrode and the

moist plate is connected with the negative pole of the coil, the

iigure consists of a central thick and irregularly shaped ring,

and an external portion formed like an irregular star; see fig. 4,

which is enlarged three diameters, as also are all the other draw-
ings of the spark in this number, except where
the contrary is expressly stated. The central *

portion within the first mentioned ring is more
or less blackened, sometimes being quite dark, ,

so that the ring can hardly be distinguished. In
one case 14 sparks generated under the above
mentioned circumstances were allowed to fall on
t'i.- sensitive plate, which was then somewhat
»ash i with pure water before the developing solution was ap-

plied. This operation it is well known reduces the intensity of

the picture obtained, and thus often allows details to be made
out which otherwise would be obscure. It will be indicated

hereafter simply by the expression " washed plate." In all

these fourteen cases, the interior of the above mentioned ring was
uniformly darkened, and of a purplish color by transmitted light.

It often happens that two of the external starlike figures are

produced and superimposed; this was very beautifully shown in

this washed plate, as well as in some which were unwashed. This,

and other in I in positive and negative figures,*

point out that it is a matter of chance whether single, double, or

triple sparks are obtained by the ordinary manipulation.

\b ) When the positive electrode is a metallic point, a figure

like 5 is obtained, its interior being often more or

less shaded; it is also generally surrounded by i

(c) When two points are used, as before de

scribed, the figure remains essentially the same a;

with a single point.

It will be seen that while there is some difference between

the positive induction figure, and that produced under simi-

lar circumstances by frictional electricity, there is yet some

analogy between them. This could be made more evident by

wood-cuts representing forms obtained two years ago, which

approached in shape more nearly to the induction figure than

those published at that time. The induction spark, however, as

is known, consists of two distinct »r* Pr°Per,

and the so-called lunik- "»d it will be shown

at the conclusion of this article, that when the effects produced by

the two different portions are separated, the resemblance to

the figure generated by frictional electricity is much closer than

it here appears.
1 Compare figure 22.

o
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The forms are as above de-

T
3
o of an inch, (a.) When the positive electrode is the brass

ball, the figure remains the same as with T\ inch, except that

rather faint starlike rajs begin to be thrown out from the ex-

ternal ring.

{b.) When the point is used the figure is like fig. 5, except
that the ring manifests a disposition to take a starlike border.

T
4
o and fV in. The figures are much the same as the last.

/¥ in. From a brass ball. The form is often like fig. 6, the ir-

regular ring showing a tendency to become star-

like.

1 inch. Often like the last: som<

except that the central portion of the disc i_

occupied by a dark disc; others resemble the figure marked .5

in the same wood-cut, except that the two fine rings are not re-

produced in the induction figure.

1 TV inches. A more or less irregular star. n„s sp.en in fi°r. 7,

resembling in many respects those pro-
duced by frictional electricity ; the fine
rings however being absent. It seems
to consist of two parts, a star with a
sharp outline, and a circular mass of
shade, which, when unsymmetrically
placed, is seen to be distinct from the
star as in fig. 8. The starlike portion corresponds with that

shown in fig. 4, and the black disc with the black ring there

If the positive electrode is farther removed from the plate,

re produced. These closely resemble those
obtained by frictional electricity and figured in the first number
of this memoir ; it is to be remarked, however, that the lines

making up the figure are much thicker, viewed under the micro-
scope, as if they had been traced by a blunt quill instead of a
fine steel pen.

>

The Induction Brush.—Here the same peculiarity is to be no-

ticed; for while the forms of the figures (often very beautiful)
are quite like those obtained from a common electric machine,
the lines making them up are far thicker, so that the difference
is easily seen with the naked eye. In consequence of this, the
smaller figures are not rings, but minute round discs, either uni-
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or with the central portion only
than the rest of the disc. It is true that uniformly

formly black, or with the central portion only slightly lighter

V shaded discs

pared with frictional electricity, but then they are much smaller
than when the coil is used. Forms like V (in my first article on
this subject) are also constantly produced.

Form of the Negative Figure,

viz : that which is generated on the sensitive plate used as the
positive electrode.

Length of discharge T
'

T inch.

(a.) When the brass ball is used as negative electrode, a form
like fig. 9 is produced, consisting of a number of dots, and gen-
erally two circular discs with a central nucleus each. There are

often many more dots than are indicated in the wood-cut. It will

be seen that this figure closely corresponds with that produced
by frictional electricity, with the exception of the two discs and
nuclei, and these, as will be shown, are generated by the "lumin-
ous atmosphere."

(b.) When the negative electrode is a metallic point, we have
a central nucleus, and a uniform disc of shade, fig. 10. This,

with the exception of the central points, corresponds with what
Was often obtained in using frictional electricity.

*
(c) With two points, the figure remains as in b. When a

washed plate is employed, many markings of a peculiar, but

hardly starlike nature are revealed in the nucleus, see fig. 11.

It will be noticed that the size of the negative induction figure

is nearly the same as that of the positive, whereas with fric-

tional electricity, the negative figure was much larger.

T
3
o in. The forms are about the same as above indicated.

A in. (a.) When the negative electrode is the brass ball, the

figure remains as above.
1o

(A.) When it is a point, a new fig-

ure ia produced, see figs. 12, which
are magnified six diameters. These
resemble, to some extent, negative

figures produced by frictional elec-$>«
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TV in. Much like the last.

A in. Also much like fig. 13, or like fig. 10, the

ence of the circle being a dark ring.

T
6
„ and r\ in. Like fig. 12, except that the figure is

enclosed in a ring.

T
8
ff
in. Like fig. 13, the white ring being often sha

ded uniformly with the exterior ring. Using a point,

figures similar to 12 are obtained, their outline being

quite circular. These correspond with those ob-

tained by frictional electricity.

This is the limit of the negative spark ; and on separating the

electrodes farther, the negative brush is obtained. This pro-

duces, as with frictional electricity, only a general diffused

blackening of the plate, which is, however, slight in intensity

when compared to that obtained by machine electricity.

Form of the figures produced hy the "Luminous Atmosphere?

In the year 1855, Du Moncel showed that the induction spark

is essentially different from that obtained from a Leyden jar o*

the prime conductor of an electric machine ; and it is now ander

stood to consist of a line of light, supposed to correspond to the

common electric spark, and of a portion termed a luna

mosphere. This latter can be moved by a current of air so as

to be detached from the line of light; its heating power is

greater, and its duration longer than that of the line of light as

shown by Lissajous.

Prof. P. L. Rijke, in Poggendorffs Annalen, cxi, 612, has pro-

theory to account for the presence of this lumin
mosphere; he conceives the spark proper to be formed by the

•the ti of the electricities near the two ends c

while the atmosphere, he thinks, is n-, M11 . raf ,1 by tin

from portions nearer the middle of the coil, the latter traversing

a much greater length of wire and experiencing consequently

much more resistance. According to this theory, then, the

movable atmosphere consists of true electric discharges, the series

of positive discharges "being directed toward the negal

and the negative discharges toward the positive pole. Ihis

theory of course excludes the idea of the so-called " atmosphere
being in reality simply an atmosphere of heated particles of

matter. We have seen thus far, that, in all cases, positive and

negative discharges produce each their peculiar figures on the

sensitive plate, and if Prof. Rijke's theory be correct, we should

of course expect to find that the so-called atmosphere would

produce on the sensitive plate definite figures analogous to those

produced by the common spark
would differ from the negative figure. On the other hand, n
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ere" consists simply of heated partk
expect merely a general and ill-defined blackening of the

the "atmosphere" consists simply of heated particles, we should

The following experiments will serve to show that in point of
fact the moot remarkable difference does indeed exist between
the positive and negative figures generated by the movable at-
mosphere; that these figures are for the most part definite and

n outline, and filled with details that strongly suggest
the idea that they are produced either by many discharges of
varying intensity, or by a continuous discharge subject to con-
stant and often tolerably regular fluctuations. These results
serve therefore to a considerable extent to confirm the views set
forth by Mr. Eijke.

Mode of Experimenting.—The apparatus was arranged as be-
fore, a metallic point or brass ball being used as electrode, and
the spark was generated while a current of air traversed the sur-
face of the sensitive plate. It was found in practice that blow-
ing from the mouth across, or at a small angle with, the sensitive

Jwered quite well. The "atmosphere " was then drawn
out into a streak of light on the surface of the sensitive plate an
inch or more in length, and thus photographed itself, showing a
mass of details quite invisible before. When the brass ball is
used as positive electrode, figures similar to fig. 14, are pro-
duced, consisting of a star
which is generated under ^^ y
the electrode, while the

>ven. Fig. 15 was produced by
nplicated

markings, as it were interwoven. Fig. 15 was produced by
removing the electrode to 1SW in., and here it c;

seen that the movable 8

Phere starts from a c
star corresponding tc

inner ring in fig. 4, while the
external star of fV. 15 also corresponds to that seen in fig. 4.

With a spark T«, in. long, figures like 16 (only partly n
drawn,) are produced. Here we have a star corres- ^^
ponding to that which is produced by

16 *fl|3r
fictional electricity, with the luminous ^ ' *JmFf
atmosphere emanating from near its JBHste* *\ \
centre. The same may be said of fig. ^W*™* V>
17, obtained with a sp'ark one inch in
length. Fig. 18 was produced by a point, the spark being T\ inch.

Asc. Jotm. Sci.-S i: > J a _ r. : t e ^ l" X XXVIII, No. 114,-Nov., 1864.
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Prof. Rijke, in order to test his the-

ory, caused the discharge of a large

induction coil to take place between
insulated brass points, which were con-

nected with the poles of the coil by
two strings wet with distilled water; the diameter of these

strings was 5mm ,
their length T

'
f of a meter. Under these cir-

cumstances, all of the electricity developed is subjected to a

very considerable resistance in passing through the water, and he
found that in this way, in conformity v. ith Ins theory, the bright

line supposed to correspond with the common spark entirely

ed, and only the atmosphere remained. Experiment-
ing in the same way, I used two wet strings, each 2 feet long,

and T
'

5 of an inch in diameter. It was found that the intensity

of the bright line was greatly diminished, though it did not en-

tirely vanish, l.'sing this arrangement with a spark T
'

s inch
19

long, figures like 19 were produced ; while, on removing
the strings, the same current produced pictures like fig. 20.

In the latter figure, attention is called to the symmetrical
manner in which the markings in a portion of the tail are

disposed. These wood cuts cannot of course do justice

either to the peculiarity of the markings, or their exact dis-

position. It seems possible that the study of markings like

these, and others quite

distinct, which will be no-

ticed hereafter, may throw
some light on the mode
in which electricity pro-

gresses over imperfect-

ly conducting surfaces.

When the electrode is re-

moved to a distance of

T
3
T in. and the wet strings

still employed, figures

similar to 19 are still obtained.

These experiments explain to a considerable extent the differ-

ence between the positive figures as obtained by frictional elec-

tricity and by the coil, showing them in great part to be due to

the presence ef the luminous atmosphere.

Form of the Negative figure produced by the Luminous Atmosphere.

When the negative electrode is the brass ball, and its distance

TV inch from the sensitive plate, the " atmosphere " is blown

out, producing figures like

21, consisting of an external *s*-:I
"

i.e;v." -•". ---*'. :, irrcgu
ly shaped, and often

well defined at its edges,
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interior being occupied by a canal with sharp edges, along which
are disposed sharp round dots, &c. The portion of the spark
not moved by the current of air consists of a mass of minute,
rather ill-defined dots and rings, or simply of a uniformly
shaded circular disc. Both of these latter forms seem identic*!
with those produced by frictional electricity, and we are there-
fore led by the inspection of the negative figure to the same con-
clusions arrived at by the study of the positive. It often hap-
pens that from the collection of dots
the black tails have their origin,

showing that a double or triple spark
had been generated ; see fig. 22,
magnified 4 diameters. It will be
noticed that the actinic power resides

mainly in the "atmosphere," the col-

lection of dots and rings being com-
paratively faint.

When the length of the discharge
is increased, the figure remains un-
altered in character, except that the
tail takes its origin from figures like

12 ; see fig. 23 (only partly drawn),
length of spark r\ inch.

When two wet strings are used as

before indicated, the length of the negative tail is much dimin-
ished, and for sparks TV inch long the character remains as in

fig. 21. With sparks 7
2
„ inch long, the movable atmosphere

still produced strong figures as before; but the series of rings

and dots, corresponding to the negative figure obtained by fric-

tional electi is entirely, a result quite in ac-

cordance with the theory of Prof. Rijke.

On certain fine Markings which often accompany the Negative Figure.

When the sensitive plate is used as positive electrode, the ne-

gative figures, obtained without the use of a current of air, are

often accompanied by peculiar fine markings, which usually ex-

tend outward toward 24
the edge of the plate.

The details of these
markings are general- Jly about as fine as the 11
structure of the eollo
dion will allow, and
they consequently
bear a much higher magnifying powe
itself. An example of this kind is seen in tig. 24. m
seven diameters, the distance of the electrode from the i

than the neg
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plate being T\ of an inch. Another is represented in fig. 25, mag-

nified 12 diameters ; the length of the spark was T
s
¥ of an inch.

A large number of these markings were obtained on different

plates, and their agreement in character is so decided that they

cannot be attributed to accident. OK

Further, their connexion can
always be traced to certain nega-

tive figures, and often into their

interior. When two metallic

points are used as before described, and positive and negative

figures generated under them, it would be expected that these

lines, marking the passage of electricity, would extend from one

figure to the other. This is not the case, the markings being

directed in just the opposite way. They are caused no doubt

by the passage, over the sensitive surface, of comparatively

feeble currents of electricity, and show in a remarkable manner
the minute and often regular fluctuations which attend the de-

velopment of the electric light under such circumstances. We
would not produce much more

than a streak more or less continuous under these circumstances,

and these markings I consider among the most curious of the

results obtained, surest ing as they' often do the perspective

view of a c\ lii ler n mnd ri b a i a il

No markings of this kind have in any case been observed in

connexion with positive figures, and I have not obtained similar

tracings by the use of frictional electricity. They are probably

connected with the movable atmosphere, as thev can often be

traced directly to the impression left by this constituent of the

When the sensitive plate forms either the positive or negative

electrode, and the length of the spark is ,-V of an inch, on re-

moving the plate into a dark room, it is found before develop-

ment that a very small dark ring about T i 5 of an inch in diam-

eter has been produced. It is .

- when the

plate is used as negative electrode. If the iodid of silver be re-

moved from the film by hyposulphite of soda, the intensity of

both positive and negative" rings is considerably reduced, and

then it becomes quite difficult to distinguish the positive figure.

I cannot say at present whether these rings are produced by

light, heat, or galvanic action, though the relative ii

them, and their occurrence on both electrodes, render the last

supposition improbable.
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On account of the mutual dependence of all the forces of na-
ture, and the reasonableness of Prof. Faraday's conjecture, that
they are often, if not always, convertible more or less into each
other, 1

it seems probable that the disturbances of the magnetic
needle may be as closely connected with the earth's rotation,
and the continually changing position of each point relatively
to the sun, as those of the barometer and thermometer. Ampere
held that the earth is an electro-magnet, magnetized by an elec-
tric current from east to west, the current being excited by the
action of the sun's heat successively on different parts of the
carta's surface as it revolves toward the east. The friction of
trade -winds and ocean currents, and the variations of light and
temperature that are produced by rotation and orbital revolu-
tion, must exert an influence upon the magnetic needle, and be-

indirect effects, Arago has shown that simple rotation,
in some unknown way, produces magnetism in bodies of every

Ma ,-. have - ip| -s .1 that tin.-- n r_rn< t sm is derived
from the earth by"induction; but on account of the impossibility

rig from the influence of terrestrial magnetism, it is

CO elusive evidence on the subject.
2 A

has interfered with Prof. Faraday's endeav-
ors to connect gravity and magnetic or electric action by ex-
perimental results. The probability of such a connection has
been shown by the electricity developed in the dry pile of
DeLuc, and by Gen. Sabine's observation, that when the sua
and moon were on the meridian, the magnetic variation reached
5°, but when they were in quadrature, it fell as low as 20'.

3

The great forces of nature can be measured only by their dis-

turbances or their deviations from uniformity. The action of
gravity is so nearly uniform at all times and in all parts of the

globe,' that it pne any crucial experiment that

could demoi • magnetism. Perhaps a needle,

Ringed at its point of support, with the two extremities nicely

balanced, might help us toward such a demonstration, if careful

experiments were tried, to show the relative influence of gravity

upon each extremity, both before and after magnetizing, and
when subjected to artificial magnetism, so as to produce various

amounts of deviation from the normal dip and declination. Or,

il force, so applied as alternately to assist and oppose
the effects of gravity, as in large fly-wheels revolving with va-

* From the Proceedings of the Am. Phil. S

I], i. 68.



374 P. E. Chase on Terrestrial Magnetism.

rious degrees of rapidit}', may indicate variations of magnetic
influence, that can be explained only by the conversion of

grnvity into magnetism, or the reverse.

Prof. Faraday, in a lecture before the Royal Institution in the

year 1857, endeavored to show that our usual conception of

gravity is not in harmony with the principle of "conservation
of force." Prof. Brucke* and others have tried to remove the

difficulties in which the question is involved, but I believe none
of the proposed solutions have been satisfactory to the learned

philosopher who first started the discussion.

It has even been questioned whether gravity can be properly

called a force, or whether it is anything more than a simple

ndency." Prof. Briicke has shown conclusively, that it is

gnized forces, to all the laws

. potential energy;

furnish a beautiful illustra-

tion of the manner in which its tension is balanced by opposing

We speak, indeed, of weight, as if it could be predicated only

of bodies at rest, and as if it were so entirely distinct from mo-

mentum that no comparison could be properly instituted be-

tween the two. Precisely the reverse is true. Absolute rest is

apparently an impossible condition of matter, for, to whatever

extent the action of opposing forces may be relatively neutral-

ized, the inconceivable rapidity of aethereal, planetary, and

stellar motions produces a constant change of place. Even if

we confine our attention to the earth alone, in each instant (dt)

every particle has a tangential motion (sin dd), and a central mo

lenuency. rroi. tfrucKe nas snc

subject, like heat and other recogn
which regulate the interchange of a

~
i.

rity (vers dd) that constitutes !

'. and which is in equilibrium with the elasticity of the

molecular aether. The sum of all the instantaneous energies is

the same, whether the particle fall freely for any given time, or

remain apparently at rest. All the potential energy which is

transformed in one case into the actual energy of motion,
4
in the

other is counteracted by an equivalent and opposite central en-

ergy of elasticity. Therefore, when we compare the relative

effects of rotation and gravity, it is immaterial whether we use

as the measure of force, the integral of the vires viva, or the re-

* Phil. Mag., [4], xv, 81. ^
t of gravity is represented by g— 32 ft. per second. The
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spective amounts of motion that the two forces would produce
if they were able to act freely for the same time. The difficulty
of determining the repulsion of molecular elasticity precluding
any satisfactory use of the former measure, I employed the other;'
and the precise accordance of the results, thus obtained, with
the results of observation justified the correctness of the hypo-
thesis, in the same manner as the accurate computation of plan-
etary motions has confirmed the Newtonian theory of gravity.

Gravity, therefore, with the same propriety as heat, may be
considered as a "mode of motion," whether acting merely as
"dead weight," or as an accelerating or a deflecting force. Jf it

can be shown that mag >n, we may
be able to demonstrate the mutual convertibility that Faraday
suspected.

The earliest hypothesis with regard to terrestrial magnetism
looked for its c
line of the eart

fication of this view by the
pointing toward the Siberian pole"." Mr. Barlow's idea, that the
magnetism is superficial and induced,

7
has now been generally

adopted, and if it could be shown that solar or rotary action is

capable of developing magnetism in particles such as those
which are known to constitute our globe, the great difficulty in
the way of a satisfactory explanation would be removed.'
Ampere's, Barlow's, and Christie's experiments showed that
simple rotation is sufficient to affect the magnetism of a compass-
needle," and in the oxygen of the atmosphere, which, as Faraday
discovered. :iedatfrom
?}?* to o} T ,f of that of iron, we have a medium through which
any induced magnetism may be distributed over the entire sur-

face of the earth. Some simple experiments, that can be easily-

repeated, seem to confirm Ampere's views, and to indicate the
manner in which the circulating electric current is excited.

There is a species of mechanical polarity, of which I have
never seen any notice, that is apparently produced by motions
resembling those to which the air is continually subjected. It

may be exhibited in the following ways:
1. In the middle of a basin of water lay a long strip of any

substance (floating it by corks or otherwise, if it is heavier than

water). After the water has become still, lift the basin carefully

V one hand, and hold it at arm's length. The intermittent

muscular action produces longitudinal vibrations, which tend to

* Proc. Am. Phil. Soc, ix, 284.
7 Phil. Trans., 1831.
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bring the floating strip into a line with the outstretched arm,
and the tendency may be increased by moving the basin gently

up and down.
2. Hold the gimbals of a binnacle compass so that it can

swing only in one direction, and cause it to move like a pendu-
lum in that direction. The needle will tend toward the line of

oscillation. Vessels may have been lost from ignorance of this

fact, for it is not unusual for compass pivots to become so worn
that the needle moves sluggishly, and, in order to start it, the

compass-box is shaken. If one of the gimbal hinges should be

rusty, the shaking would bring the needle toward a line perpen-

dicular to the axis of the free gimbal, and the capti

easily suppose that he was sailing north, when his course was
due east or west.

3. Take an ordinary pocket compass, grasp it firmly between
the thumb and finger of one hand, and move it quickly up and

down through a small arc. The needle, as in the last instance,

will tend toward the plane of motion. This experiment may
be variously modified, according to the length and directive en-

ergy of the needle, the steadiness of the operator's nerves, &c.

Sometimes a simple grasp, with a powerful muscular contraction,

will bring the needle into line, without any other vibration than

that which arises from the irresistible nervous tremor. Some-
times the momentum acquired by each pole in its approach to

the operator, carries it forward so as to bring the other pole

under the wave-influence, and the needle is thus made to rotate

so rapidly as to become nearly invisible.

The polarity in each of the three cases here enumerated, is

easily explained upon purely m -. but there

are some indications that seem to show a close connection be-

tween the mechanical vibrations and those of nervous electri-

city. There appears to be a great difference in the control of

different individuals over the needle. Some can bring it into

line at once, with scarcely any perceptible motion, while others

are obliged to use considerable effort ; the needle does not seem

at all times equally susceptible; it often appears more easy to

produce rotation in one direction, than in the other. There-

may, therefore, be a natural connection between these experi-

ments and those of M. Du Bois Raymond, who attached two
strips of platinum to a very delicate galvanometer, and caused

them to dip into two cups of salt water. Dipping the fingers of

each hand into the cups, and alternately bracing the muscles of

each arm, he produced a perceptible deflection of the needle,

icrel and Desprelz repeated the experiment without

rery satisfactory results, but M. Humboldt was more

of a constant current, circulating around magnets, and if we

18
This Journal, [2], viii, 405.
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suppose that electricity consists simply of vibrations, it will
seem perfectly natural that the magnet should obey the strong-

Barlow's and Lecount's laws for the distribution of the in-
duced magnetism in masses of iron, are precisely the same as
would follow from the relative centrifugal motions oi

portions of the earth, provided th loaded with
the axis of rotation. It is therefore reasonable to presume that
they accurately represent the superficial motions or currents on
which the magnetism depends, and to hope that a careful study
will enable us to detect the cause of the oscillations that polarize
the air and all other bodies that are capable of vibrating in har-
mony with it.

If the earth were stationary, the sun's heat would produce a
constant ascending current over the whole meridian, which
would be supplied by colder lateral currents from each side.
The effect of these several currents would be a mechanical at-

mospheric polarity, precisely analogous to that which was indi-
cated by our experiments upon the control of the magnetic
needle by mechanical vibrations.

In consequence of the earth's rotation, this condition exists
only at the instant of noon. At all other times, the flow of the
cool air toward the equator, and of the warm air to the coldest
portions of the globe, is modified by the earth's motion. The
warm air rises at the equator, and flows toward the point of
greatest cold, until it becomes sufficiently cooled to sink to the
earth. Still flowing onward, it absorbs the heat of the earth,

until it is so rarefied as to rise again. This process of alternate
rise and fall, is continued until the air reaches the pole, and then
returns by the same law, and in a similar manner, to the equa-
tor.

u
These currents, which are flowing at all hours, and in all

portions of the earth, produce an atmospherical directive energy
toward the poles of maximum cold, which appear, according to

Sir David Brewster, to coincide with the magnetic poles.

Now, if we consider that in addition to these permanent cur-

rents, there is a continual motion of silent convection, the warm
air rising, and the cold air descending in parallel columns, like

the particles in a vessel of boiling water," and if we remember
u

Halley, in 1686 (Phil. Trans., No. 183), explained the trade wind, and the ne-

mrface of the fuel,
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that the warm air is charged with moisture which is condensed

as it ascends, parting thereby with much of its heat and elec-

tricity, we can hardly deem it necessary to adopt Dr. Dalton's

. t ginous matter is the source of atmospheric

magnetism. Still, the existence of vaporized iron in the air un-

doubtedly contributes an increased intensity to the magnetic

I art • its, and it may probably be an important agent in the pro-

duction of magnetic storms.

The two vibratory systems above mentioned are conjoined

during the hours when the sun is above the horizon, and the

laws of motion applicable to the first system correspond pre-

cisely, as I propose to show hereafter, with the laws of the M>)«P

diurnal mag duced from General Sabine's ad-

mirable discussions of the St. Helena observations. It is not so

easy to explain in its minute details the cod

can't lunar-diurnal variation, but I am convinced that the aerial

currents produced by lunar attraction will sufficiently account for

all the magnetic influence that is due to the moon exclusively.

Tia changing barometric pressure, and the deposition of dew

during the night, modify these currents in such a way as to dis-

guise the simple effect of any slight disturbing cause; neverthe-

less, there is a manifest tendency, underneath all the disguise,

to maxima and minima at the precise hours when they ought to

occur in consequence of the moon's attraction.

In the influence of the violet rays upon magnets, the connec-

tion of the violet rays with the tension of brass in the polan-

scope, the excitement of magnetic vibrations in iron by per-^

c '!>-:< -n and torsion, the increase of magnetism by cold and its

diminution by heat, and the general correspondence between

Chaliis's laws' of molecular action and the laws of attraction and

rotation, we may find interesting evidences of the unity offeree

which all modern discovery tends to demonstrate, an

unity a sufficient explanation of the observed annual •

variations of the magnetic needle, the disturbing magic
of auroras and solar spots, the changes of the wind, ai

of every kind. Some of the well-known phenomena of storms

forniah a ready test of the principles I have attempted to es-

tablish.

Although I have described the general tendency of a particle

of air, it is not probable that all the atmosphere, or even perhaps

any c« -nsiderable portion of it, follows so regular a path. In the

upper regions, where the air is not so much affected by the radi-

ation of the earth, it may oscillate, as suggested by Red field,

"from centrifugal action toward the equator, and grav
ward the poles,"

13 and between the points of decussation there

are undoubtedly eddies which have a general movement east-

18 This Journal, xtv, 130.
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ward or westward, in accordance with the theory of M. Dove".
The disturbance of the aether, dependent upon the relative at-
tractions of the earth and sun, probably produce tides corres-
ponding in time with those of the barometer, which must modify
the atmospheric currents.

Having thus ascertained the causes and directions of the prin-
tnal currents, the ordinary theory of winds enables Of

to understand the effect of mountain peaks, deserts, forests,
rivers, and ocean streams. Every point of the earth's surface
that accumulates or radiates an undue amount of heat, becomes
a centre of polarity with an attractive energy that disturbs the
atmospheric equilibrium, tending to produce wind and rain. If
the disturbance is confined to a limited area, there is a well-
known cyclonic tendency, the portion of the eddy which is near-
est the equator generally flowing eastward. Mr. Galton" lias

sly shown that, in descending cyclones, the direction
may be reversed, and I should expect a similar reversal to be of
frequent occurrence in the neighborhood of some of the power-
ful ocean-curr ents. at i »ii t.s where they tend to produce back-
ward eddies. Such points are found midway between the Sand-
wich Islands and California, about 35° west of Chili, near the
west coast of New Holland, in the Indian Ocean, northeast of
Madagascar, and in other places.

The effect of ocean-currents in producing cyclones, and di-

teir course, is well illustrated by the repeated observa-
tions that have been made in the Gulf Stream. Prof. Lesley's

interesting account of the series of storms encountered by the
Canada on her one hundredth voyage,

16
exhibits the natural

consequences of the friction of two belts of air at different tem-
peratures, moving in opposite directions. The warm air over
the Gulf Stream, and the cold air over the Arctic currents that
flow nearer to the American continent, are both borne very
nearly in their normal directions, but with the approach of win-
ter their parallelism becomes almost vertical, the cold belt be-

comes wider from its encroachment upon the land, and the vor-

tices that arise from their concurrence are frequently brought
down to the surface of the ocean, instead of taking place in the

higher regions of the air, as they usually do during summer.
While sudden, violent tempests that are occasioned by local

. cyclonic,

1 Ml in . icory with regard to long storms,

"tiie wind will blow in toward aline rather than

toward a point;" and in favor of this hypothesis, as well as of

gee, I would suggest the follow-

ing explanation.

u Phil. Mag., Sept., 1863.
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The normal currents of the atmosphere are subject, as we

have seen, to a daily disturbance by the sun's action. This dis-

turbance, like the moon's tidal action, is cumulative, and has a

constantly increasing tendency to overcome the aerial polarity.

The gathering wave follows the sun until it is saturated with

vapor, and as soon as it becomes powerful enough to influence

the normal current, it must produce a shifting of the wind and

a deposition of moisture. The equilibrium of temperature is

then restored., to be subjected anew to the same constant dis-

turbance and the same stormy culmination.

[My attention has been called by the Journal of the Franklin

Institute, to some extracts from the London Athenamm for Janu-

ary, announcing a paper on Magnetic Storms, which was read

by Mr. Airy before the Eoyal Society, in which the Astronomer

Royal appears, in some measure, to have anticipated my views

upon the sources of terrestrial magnetism.
As I have not yet seen the paper in question, I do not know

how far the priority may extend ; whatever may be its

will give me pleasure to yield my claims to so distinguished and

cautious an investigator, and to find that my own independent

conclusions have been so ably corroborated. And I believe J.

have good grounds for hoping that in the specific solar action

which I have pointed out, Mr. Airy will find the precise "occa-

sional currents produced by some action or cessation of action

of the sun," for which he is looking.]

Abt. XXXVIII.— On the Principal Causes of Barometric Fluctu-

ations;
1 by Pliny Earle Chase, M.A,, S.P.A.S.

The powerful and prejudicial influence of an inveterate sci-

entific error, is shown in the following dogmatical statement ot

Mr. Joseph John Murphy, an investigator who has lent useful

aid to meteorological science.
8

In the Edinburgh New Philosophical Journal for April, 1864,

p. 183, he says; " Were the atmosphere not acted on I

would be everywhere at rest, and every level surface, at what-

-
: height, would be an isobarometric surface The earths
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rotation cannot produce currents, but it modifies them when
they are produced by the action of heat."

There can be no doubt that heat is one of the causes, and in

most places it is, perhaps, the principal cause, of those atmos-
pheric disturbances which are modified by rotation, but the as-

sumption that the atmosphere "would be everywhere at rest,"

except for differences of temperature, leads to palpable absurd-
ities.'

_ the

1 of the earth, c

with its revolution about the sun," attached too much importance
to the simple combination of the motions of rotation and orbital

m. but his mistake is no greater than the opposite be-

lief, which is now too prevalent, that there is only a single in-

fluence which can produce any important tidal effects in the at-

mosphere.
In the last number of this J- if M is the

barometric mean for any given day and place, and is the moon's

altitude, observation and theory concur in demonstrating that

the lunar tide may be expressed by M C (sin cos 0),
4 C being a

constant to be determined for each station, the principal elements

of which are functions of the latitude, of gravity, and of time,

I subjoin, in illustration, a

Table of the average daily lunar •—*«*»

te
ion.
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The existence of the tidal law, which, as we have seen, should

produce differences in the respective ratios of "5, '866,

1, 2, and 3 hours from the mean tide, is shown in the following
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a oj tiaai V '
ana rat

Before 2\
1

Before 8h, 1

•481

£~

Before 4\

It
After 4h ,

•>iiT:"i3 •90 5

After 10h
r

884 1

•885

Grand Mean, or average of Mean ratios, . . •525 •863 1

By a partial interpolation for the true time of mean tide at

St. Helena, I obtain for the ratios of the means '557, -866, and 1,

corresponding precisely with theory at 2h from mean tide. The
tables furnish suggestive evidences of the effect of di

the varying tidal influence of attraction, when acting with and

uition, and the resistance of gravity to the tidal flow

of air.

There are, therefore, manifestly four important causes of ba-

rometric disturbance : 1, rotation, with its quarter-daily phases

of alternate aid and opposition to the attraction and ten

and of shifting the aerial panicles to levels of greater

or less density ; 2, variations of temperature and vapor; 3, lunar

: 4, solar attraction. Among the subordinate causes,

perhaps the next in order of importance is, 5, resistance of the

aether, which, according to Fresnel's theory,
6

is subject to the

laws of inertia and attraction, as well as to those of elasticity.

If his theory is correct, the terrestrial aether (or the portion

which partakes of the earth's rotation) may be so modified by

the planetary aether (or the portion which revolves about the

sun), as to produce a resistance v, tours, and a

consequently varying atmospheric compression, which may some

time enable us to measure its own density. The solar attraction

may be constantly tending to accumulate the terrestri

as well as the atmosphere, in a sph roid with i ; . >r axis in the

line of the radius vector, and the position of the axes, as in the

* Major-General Sabine's table of the lunar tides at St. Helena, from October,
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Its of
the rotation of the earth with its atmosphere, in an a>thereal

medium, would be the production of two svsterns of oscillations,

moving with the rapidity of light, one in the line of the earth's

orbit, and the other in the line of its radius vector, and that
those systems would be constantly so related that while one
tended to retard, the other would tend to accelerate the earth's

The influences of rotation and attraction can be calculated,

and, after deducting their amount, the problem of accounting
for the residual disturbance will be simplified. Or, by taking
the average of a long series of observations made at each hour
of the solar day, the effects of lunar attraction may be so far

I that they can be sail! tempting to

fix the approximate value of the other principal disturbances.
8

The formula for the rotation tide has already been given, and
observation appears to indicate that it is retarded about an hour
by inertia; next in order of importance are the temperature and
vapor tide, and the solar tide. It would be presumptuous in the

present stage of our investigations, to attempt to fix the precise

amount of disturl r e wl i< h is attributable to each of these two
tides, but from the following considerations we may derive con-

jectural results, which appear to me to be more satisfactory and
philosophical than any that have been heretofore obtained.

The theoretical maxima of the ng an hour
for the la-LM i

' of ii n-tia, .-cur at 4 1
' and 16 h

;
the minima, at

10h and 2'2'h. The solar attraction maxima, with the same al-

lowance, should be found at l h and 13h ;
the m aima, at 7h and

19h
. If we J

irve is symmetrical,

and regard all the deviations from symmetry as occasioned by
v construct

the following barometric tidal table (p. 384).

Imperfect :imations confessedly are, and

probable, na though it be, that a large portion

of the residual tide should be transferred to the temperature and

vapor column, 7 yet I think, the above table will be found sug-

s The absence of any long series of uh~ !

;' lunar day,

ned, one at midnight, and lb
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ences, of which the following are per-

1. That "the apparent* osculation of the solar and residual

curve near the hours of high barometer may perhaps be owing

2. That the cumulative action of the sun upon the air and

aether may possibly render the disturbing influence of its attrac-

tion upon the atmosphere even greater than that of the moon.

3. That the paradoxical assumption of those who advocate

the temperature theory of the quarter-daily tides, that a depend-

ent relation can exist between the barometrical changes and the

changes of temperature, which "appears to be direct during

the morning hours, and inverse during those of the day and

evening," 8
is unnecessary, useless, and unphilosophical.

4. That in intertropical and medium latitudes, the average

daily barometric tide which is attributable to variations of tem-

perature is smaller than the rotation tide.

5. That there is but one high and one low temperature tide

in twenty-four hours.
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6. That the effects of temperature upon atmospheric pressure
reach their maximum in the evening, when the aerial absorpton
of heat from the sun ceases to be in excess of its radiation, and
their minimum in the morning, when radiation ceases to be
greater than absorption.

_
7. That the daily temperature tide increases, while the rota-

tion tide diminishes, as we approach the poles.

8. That, iu consequence of rotation, there should be a slight

tendency to vertical ascending currents at 4h and 16 h
, and de-

scending currents at 10h and 22 h
.

9. That, whatever modifications the table may require, there
can be no doubt of the existence of the three tides, with maxima
and minima near the times specified, or of the possibility and
desirability of accurately determining their magnitude.
The phenomena on which these inferences are based are all

susceptible of a simple and obv 1 thus, by
reasoning alternately a. priori ami licit from a
scheme of seemingly lawless confusion, the beauty of a most
marvellous order.

Art. XXXIX.—A new Meteoric Iron from Wayne County, Ohio.
—Some remarks on the recently described Meteorite from Atacama,

Chili; by J. Lawrence Smith, Prof. Chem. Med. Dep. Uni-

versity of Louisville.

Meteoric Iron of Wayne Co., Ohio.

The existence of a mass of meteoric iron from Wayne county,

Ohio, has been known to me for some years; but I have delayed

noticing its existence, hoping to obtain the mass and thus give a

more com- it than I am able to do.

My attention was first called to it by Prof. James C. Booth, of

the U. S. Mint at P I i. it having been brought to him
by Peter Williams, of Wooster, Wayne county, Ohio, who sup-

posed it to be a mass of silver or "some other precious metal.

Prof. Booth I was meteoric iron, and tried to

procure it froi Mr. Will i na; but from some notion of its pos-

alue, he retained it, and since that

time both the iron and Mr. Williams have been lost sight of.

Prof. Booth detached a small portion of it, part of which spe-

cimen he plac id at ie following memoran-

dum: " Meteoric Iron, given me in 1858 by Peter Williams, of

Wooster, \V It was a rounded mass, weigh-

Fonnd by him in a woods near the above

place, while gathering boulders to pave a town. It exhibits the

usual figures;. I to a smooth surface."

A*. Jouh. Sci.-S Hi-Nov., 1864.
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As it is a well authenticated meteorite, it is proper t

record of it. Its specific gravity is 7"901, and it is comp

Cobalt, - '73

Copper, - - - very minute, not estimated.

Phosphorus, "13

100-48

nail quantity of manganese, that has

The new Atacama Meteorite.

A fragment of the meteorite lately described by Prof. Joy,

(this Journal, March, 1864, p. 243,) has been sent to me by

Prof. G. F. Chandler, and I have thus been afforded an opportu-

nity of carefully examining it. I had at first supposed that it

might be in some way related to the well known Atacama iron

;

but it is very clear, by the most casual inspection, that it has no

connection with that iron; at the same time it resembles so

closely another meteoric mass from that region, in fact, is so

identical with it in all particulars, that if it had not hailed from

another locality, it would be pronounced a portion of the mete-

orite from Sierra de Chaco, Atacama, described in 1863 by Prof.

Eose (see p. 131, Buchner, Geschichle der Meteoriten).

Prof. Joy omitted to mention in his paper that the meteorite

was said to have been found in the Janacera pass.

The meteorite from Sierra de Chaco was, at the time it was

described, unique in its physical characteristics; the close resem-

blance to it, therefore, of the one under notice, and its coming

from Atacama has induced me to inves

the relative position of /Sierra de Chaco i

Lithority on the geography of Chili
"

' e U. ~ "

;he

named Janacera ; there i

is doubtless Capt. Gilliss, of the~U.'S."Observatory at

answer to my enquiries on the subject, he gives the fol-

nformation

:

a river Jarquera, which has its origin near one of the passes in

Atacama, and very probably there may be a pass of the same

name. The river Jarquera is to the northward and eastward

of Chaco, the former being within the chain of the Andes, and

Chaco most probably is in the western or coast range. They

are from 120 to 150 miles apart."

As it is important to locate this meteorite correctly, I have

written to Prof. Domeyko on the subject. The village of Chaco

is situated tie: r hit :>\ \o 'i:> 20' S., and longitude 69° 20' W.
from Greenwich ; and its height above the sea is 8,778 feet.
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The meteorite in question is so intimate a mixture of metallic

and stony matter, that it is difficult to say whether to rank it

among the stony or metallic meteorites. Treated with a mixture
of nitric and chlorhydric acids, and slights warmed, the metal-
lic portion is rapidly dissolved, without the form of the mass
being altered. Its mineral constituents are readily separated by
the combined aid of chemical and mechanical means; and, be^

sides the iron, I have been able to separate small but distinct

particles of chromic iron, small spherical masses of olivine as

beautiful in color and as transparent as that from the Pallas me-
teoric iron, and also a pyroxenic mineral ; and perhaps with a

larger amount of material to work upon, other minerals might
have been recognized.

I have nothing to add to the cai ii nation by
Prof. Joy, having detached mechanically most of the minerals

that he deduced from analysis.

Art. XL.—On a Process of Organic Elementary Analysis, by

Combustion in a Stream of Oxyym Gas; by C. M. Warren*

The process in general use for ultimate organic analysis had

seemed to me so nearly perfect as to leave little room for any

very marked improvement. Like all other processes o:

however, it has its own peculiar sources of error, inherent in the

nature of the substances employed, and in the manipulations^)

be performed. But these appear to have been reduced to a min-

imum
; so that, with great care and the necessary skill, there

can be no reason to doubt that that process, with the various

modifications which have been proposed to meet special cases, is

capable of affording as accurate results, in a majority of in-

stances, as can, perhaps, be claimed for any «

cess. Nevertheless, there are instances, and they are doubtless

numerous, \ a solution of the quest,,

may be under consideration as would be highly desirable can-

not be attained by that process. It was after repeated unsuc-

cessful efforts in a < - 'a hi h appeared to be of this k

I was led to conceive the idea of making the combustion m
oxygen gas alone; and to devise the method which I am about

to describe.
,

Were it not for the danger of explosions in the combustion

tube, the occurrence of which would, at least, render its use

fruitless of good results, pure oxygen, as a combustion agent in

anaU-s/is, would seem, of all substances, the one most

suggested. This apparent difficulty is probably the chief reason

why it has not long ago been brought into general use
;

ita

* From the Proceedings of the Amer. Acad., BostoD, March 8, 1864, vi, 251.
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employment since the time of Prout, so far as I am informed,

having been mostly confined to the combustion of the residual

carbon of highly carbonaceous substances, after the other decom-

position products, containing the hydrogen, had been burnt at

the expense of oxyd of copper.

By a very simple device I entirely obviate the danger of ex-

plosion ; viz: the combustion tube is closely packed with as-

bestus, or other inert substance,
1 and yet so loosely as to leave

free passage for gases through the interstices. The packing of

the tube requires some care. This, however, may be readily

accomplished, giving great uniformity to the mass of asbestus,

by having the hitter carefully broken into small, loose pieces,

which are gradually added to the tube, and arranged in position

by means of a stiff iron wire. Little attention need be had to

ng of the centre of the tube, as this will come right

--. the sides is properly done. It

will be found convenient and expeditious to turn the tube con-

tinuously in the hand, and cause the end of the iron rod to fol-

low around against the sides of the tube, placing the asbestus,

by gentle taps, alongside its inner surface, so that only very

small open spaces may be seen.

In the experiments which I have made, I have generally had

about ten or twelve inches in length of the tube filled with as-

bestus. As the combustion takes place within a very short

space, it seemed at first that the tube might be reduced consid-

erably below the ordinarv length; it was found, however, that

shortening of the tube below a certain limit made it difficult to

control the distillation of volatile substances and prevent too

rapid combustion; it being essential in this, as in other pro-

cesses, that the combustion should proceed slowly, and with a

good degree of regularity ; otherwise it would be difficult to

regulate the supply of oxygen to meet the demand of the burn-

meet. By having the column of asbestus of consider-

able length, the anterior end of which only is ignited, the sub-

stance, if volatile, becomes diffused through a large space, and

the distillation thereby easily controlled, as only a BinaJ

of the substance need then be heated at a time. Doubtless a

1
I have used only asbestus in my esper nts thu* foi n.l ii
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shorter tube would answer equally well for many non-volatile
substances. It will be observed that the asbestus packing is but
another application of the principle involved in the use of wire
gauze in Davy's safety-lam p.

3

In order to obtain perfect control of the analysis, and to be
always certain that the requisite quantity of oxygen is being
admitted, I have adopted certain simple expedients, enumerated
below, which have been found fully adequate to that end.

1. The distillation of the substance, if volatile, is effected by
means of a bar of copper, placed over and attached to one of
Bunsen's burners, as shown at a, in the following figure.

This bar, having first been brought to the maximum temper-
ature which the lamp is capable of producing, is placed near or
under the bulb containing the sul that part of

a rest or most remote from the flame, or an interme-

;, according to the temperature required.

The steadiness of the li> at th - apj lit d. and the facility with

which it may be regulated by simply moving the bar, i

decidedly preferable to any other means which 7
'

for that purpose. I had for ;

3 which I have employed
i used such a bar for the

same purpose in the old process, with extreme satisfaction. la
some cases a bar of copper laid on the combustion furnace,

5 one
end projecting into the flame by which the tube is being heated,

and the other end raised and extending toward the substance,

has been found to answer a good purpose.

2. In the case of volatile bodies (I have not yet analyzed any
others by this process), I have found the combustion to proceed

most Batisfacl - first heated about four or five

inches of the anterior portion of the tube, which includes the

oxyd of copper, and started the flow of oxygen, I apply the

heated bar to the bulb containing the substance, and immedi-

ately expel the whole of the liquid—which becomes at once

probably the chief or

cooling and reheating

he iron trough should
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absorbed by the asbestus,—and then, if necessary, gradually

move the heated bar forward, driving the substance toward the

ignited portion of the tube, until it shall have reached that point

in the tube where the temperature is just sufficient to cause the

oxygen to take up the vapor in suitable proportion ; indicated

by the bubbles of oxygen and carbonic acid, as will be described

"below:—a point as easily found as, in the old process, that of

the requisite temperature foi ju « r .; filiation of the substance.

AW:, a this ia u comj shed, rhich will occupy but a short time,

the heat in front of and behind the substance being constant

and uniform, no further manipulation of the heat is required—

the supply of oxygen only requiring attention. In the ordinary

way, on the contrary, in which the heat is applied only on one

side of the substance, the latter, if volatile, is constantly chang-

ing position backward in the tube, necessitating a corresponding

movement of the heat in the same direction, which requires

constant care and considerable skill.

This proceedure— referring to the immediate expulsion of

liquid from the bulb, etc.—implies that that portion of the tube

immediately forward of the bulb should not already be too

warm, which might easily be the case with a body of very low

boiling-point. It would then be necessary to expel the sub-

stance from the bulb no faster than the oxygen would absorb it

in the proper proportion; which, as experience has shown, may

be easily accomplished.

With a body of extreme volatility it may be necessary also

to place a dish containing pieces of ice under the bulb; as even

the temperature of the surrounding air might in such a case

cause the substance to pass forward too rapidly.

3. The oxgen is admitted through Liebig's potash bulbs con-

id formed is absorbed

by similar bulbs with potash ; to which is attached a tube filled

'

Independent oT'the use*of a metallic bar, as described above, or any novel ap-

r-.. -::.
.

i, by the use of coal. The partit tween the cock ,

-

' ,-.....•
. .

:-.:
extend the heat along the tube as gradually as the plate itself is capable of being
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with soda-lime and chloric! of calcium, as recommended by
Mulder, 4

to take up any traces of carbonic acid which mav es-

cape absorption in the bulbs, and the trace of moisture which is

invariably carried forward from the latter. Special care should
be taken to select both sets of bulbs with the view to have the
openings in the one as nearly as may be of the same size as
those of the other, so that the bubbles of oxygen, considered as
representing volumes, entering the sulphuric acid bulbs, may be
readily compared with the bubbles or volumes of carbonic acid
entering the potash bulbs; these bubbles may then serve as a
valuable index by which to regulate the supply of oxygen.
Especially is this true in cases where the composition of the body
to be analyzed is pretty nearly known, as then the number of
bubbles of oxygen required for every bubble of carbonic acid

produced may be readily calculated.

But as it is, in any case, advisable to conduct the experiment
so that there shall always be an excess of oxygen passing unab-
sorbed through the potash bulbs, and as this excess would sel-

dom be large even if a sufficiency of oxygen were admitted to

burn the most richly hvdrogenized body known, it may gene-
rally be well to admit enough for such a case.

The volume of oxygen actually consumed in burning the

lightest liquid known—probably of the formula C
a
H, —which

I have separated from petroleum, and which contains a larger

percentage of hydrogen than any other non-gaseous body, as

compared with the volume of carbonic acid formed, is as 1 62 : 1

;

the fraction representing the oxygen which is taken up by the

hydrogen of the bodv, and which of course becomes condensed
and disappears from" the volume of carbonic acid. In burning
this body with just the equivalent quantity of oxygen,—as-

suming that the combustion would be complete under such cir-

cumstances,—we should have one bubble or volume of carbonic

acid entering the potash bulbs, for every 1-62 bubbles or vol-

umes of oxygen entering the sulphuric acid bulbs. A sufficient

excess of oxvgen wouhf be secured in this case, and a simple

ratio obtained, if 2 bubbles of oxygen were to be admitted for

1 bubble of carbonic acid appearing in the potash bulbs. The
case would then be further simplified by having the openings in

the sulphuric acid bulbs of such size as would give bubbles

twice as large as those from the potash bulbs; as then, when
the bubbling should be equally rapid in both, the relation be-

tween the volumes of the gases would still be maintained, viz

:

2 vols, of oxygen to 1 vol. of carbonic acid. Such bulbs would

be highly desirable, but would probably have to be made ex-

pressly for the purpose.
4. As an additional control over the supply of oxygen, and

4 Liebig and Kopp's Jahresbericht, 1858, p. 588.
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serving also as a temporary safeguard against the escape of in-

completely oxydized substance, in case of too rapid distillation,

with an insufficient flow of oxygen, I have two or three inches
in length of the tube filled with coarse, strongly ignited oxyd
of copper, placed in front of the asbestus, and this followed by
a plug of the latter substance to keep it in place, and prevent
the formation of a channel along the upper surface of the oxyd
of copper. The tube itself being laid in an iron trough, as

above described, with the upper half of the tube exposed, the
oxyd of copper is heated in such a manner that any reduction
would be readily observed at the end in contact with the as-

bestus. In this manner it serves as a valuable indicator, by
which to determine, at a glance, whether the flow of oxygen :

arely hap
?
copper will take place. I have, however, in some of my

sufficient. It will rarely happen that any reduction of the oxyd

lu ran of asbestus,

ill-adapted bulbs, had so much of the oxyd of copper reduced
that combustible gases passed through the absorbing apparatus;

and in one instance, when the unabsorbed gases were collected,

the quantity of combustible gas was so considerable as to form,

with the oxygen collected with it,—which of course came for-

ward at an earlier or later stage of the process,—an explosive

mixture. Having seen no indication that any other than gas-

eous bodies escaped the combustion tube in such a case, it oc-

curred to me that such an analysis might be saved by collecting

the gas over mercury, and, at 'the close of the combustion, be-

fore detaching the absorbing apparatus, conducting it a second

time through the combustion tube.
6 As a matter of economy,

also, in the saving of the excess of oxygen, when a considerable

number of analyses are to be made, this idea seemed to recom-

mend itself; as the oxygen would, at the same time, become

purified from any traces of combustible matter which might be

present, and could then safely be collected as pure oxygen, and
finally transferred to the oxygen gasometer.

I therefore constructed for this purpose the apparatus which
is represented in the background of the preceding figure as

attached to the anterior %end of the absorption apparatus. At
the close of the combustion, when only pure oxygen appears to

enter the potash bulbs, the flow of oxygen is interrupted ; the

communication with that portion of the drying apparatus which
is back of the short U tube, A, is closed at b

;
and the tube B—
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which is movable in the cork—turned -up.
8 The joint at c is

then disconnected; the end leading to the receiver C tightly

closed with a piece of glass rod : and a communication estab-

lished between the absorption apparatus and another receiver

containing water,—not shown in the figure,—for collecting the

pure oxygen. On opening the spring-clip d (the more modern

form, which is provided with a fine screw, is excellently well

adapted for this purpose), the mercury will flow from the reser-

voir D into the receiver C, and force the gas through the capil-

lary tubeee; thence through the short U tube A, containing

chiorid of calcium, to the combustion tube and absorption appa-

ratus; and the gas is finally collected over water in the receiver

provided for that purpose.

The introduction of a longer column of oxyd of copper would

probably accomplish the same purpose with less expense; but

neither expedient can be regarded as essential to the process.

As the saving of an analysis by the use of a longer column of

oxyd of copper would only be occasional, the additi

required, and consequent discomfort occasioned by its continued

use, would hardly be compensated for. So that, while I would

not, therefore, recommend the use of an additional quantity of

oxyd of copper, I would also discard the other expedient oj col-

lecting the gas over mercury, or water, etc., unless the saving of

the surplus oxygen, together with the additional security af-

forded, should be considered of sufficient importance to recom-

mend it. As the passing through of the gas the second time

requires no attention after it is once started, and occupies but a

short time, during which the operator may attend to anything

else, I much prefer, for myself, to retain in use that part of the

5. Some other less important peculiarities in the construction

and use of the apparatus will now be noticed, in connection with

some remarks on the performance of the analysis.

The posterior end of the combustion tube, as seen in the

figure, is bent obliquely upward, as in the common form, except

that, instead of being drawn out to a point, it is left of the full

size of the tube. The object of this form is to prevent, in a

great measure, the escape of oxygen during the time occupied

in introducing the substance for analysis; and also for greater

convenience and sec the performance of this

operation ; especially in the case of volatile liquids. In the

latter case, the neck of the bulb—which has previously been

provided with one or more scratches on its side near the end—
s That this tube may not operate as a siphon, the outer limb i* formed

,a

b
{uj£
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is introduced into the end of the combustion tube, and broken
off bj pressure against the side of the tube; the bulb itself is

cd to drop in, and the end of the tube immediately
sa tube, \ o Meet-

ing it with the drying apparatus. This connecting tube is con-
structed of hard Bohemian glass; the anterior end of which is

drawn out to a short, blunt point, and the opening nearly closed
in the blowpipe flame, to the size of a small needle; the object
of winch id, to increase the rapidity of the flow of oxygen at

that point, and then! ility to loss from diffu-

sion of gases or vapor backward into the drying apparatus,

which is always too liable to occur when the posterior end of
the combustion tube is not sealed.

As an additional precaution against loss from this source, this

connecting tube is packed with asbestus in the same manner as

nation tube, and during the combustion is heated with
one of Bunsen's burners. In case vapor of the substance should

reach this tube, notwithstanding the above precaution against it,

it could not reach the drying apparatus as such ; but would be

immediatelv decomposed, and the carbonic acid formed would
at least stand a good chance of being carried forward, and pre-

vent a loss in the determination of the carbon. The b

this connecting tube may be superfluous for the object above de-

scribed (a point which I have not yet taken the time to deter-

mine)
; but it certainly has the good effect of heating the oxygen,

and thus preventing the condensation of liquid at the cork in

the end of the combustion tube.

In the performance of an analysis, the first step should be to

expel the moisture from the combustion tube, while hot, by
passing through it, for some time, a stream of dry air from the

gasometer.' The tube should then be filled with oxygen, before

the substance, if volatile, is added ; as otherwise particles of un-

burnt substance might escape during the displacement of the air,

and occasion loss. The absorbii ig
- been pre-
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the air from the absorbing apparatus. The connection is then

made with the receiver C, if used, and the tightness of the joints

tested by turning down the tube B, so as to
|

3. If found tight, as indicated by the liquid in the

potash bulbs, the tube B is again turned up, and the substance

then introduced in the manner above described. A very slow

stream of oxygen is now admitted ; the tube B again turned

down till the 'level of mercury in this tube shall be half an inch

to an inch below the level of mercury in the receiver C ;
and

from time to time during the combustion the position of this tube

is adjusted so as to preserve about this difference between the

levels of the mercury, or at least so as to prevent the mercury

in the tube from ever rising above that in the receiver.

In this manner the mercury, instead of offering resistance to

the passage of gas from the combustion apparatus, and thus in-

creasing the internal pressure upon the joints, which would be

objectionable, actually operates advantageously by producing

partial exhaustion, and thus diminishing the internal pressure

upon the joints, and consequently the liability to leakage. The

i of the substance is now commenced, and conducted

as previously detailed above. So soon as condensation of mois-

ture appears in the neck of the chlorid of calcium tube, indi-

cating that combustion has commenced, the flow of oxygen may
be gradually accelerated to keep pace with the progress of the

combustion, as indicated by the bubbles in the potash bulbs.

When the burning of the substance seems to have been com-

pleted, heat is gradually applied, for a short time, along the

whole length of the column of asbestus, to obviate the possi-

bility of any loss from unburnt substance.

The absorbing apparatus may be weighed filled with either

oxygen or air; for myself, I prefer the latter, as, on the whole,

more convenient and 'less liable to lead to error. At the close

of the analysis, therefore, I expel the oxygen from the apparatus

by admitting air from the air-gasometer/ saving for further use

the oxygen which is expelled during the first five or six min-

utes. Thus far I have applied this process only in the analysis
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of volatile hydrocarbons of the formula C n H„_ 6 ; C„ H n+2 , etc.*

As a mixture of the vapors of these bodies with oxygen is

highly explosive, a more severe test of the safety of the process

eould not be applied.

In every e: I nave made, the combustion has
proceeded as quietly as if burning in the open air. The results

obtained are extremely accurate and uniform.

• Although the bodies which I have analyzed represent but a

single class of organic substances, I can see no reason to doubt
that the process will apply equally well in the generality of cases.

If this view be corroborated by actual experiment, the pro-

cess can hardly fail to supplant the common methods, if for no
other reasons than its greater convenience, economy of time,

avoidance of excessive heat, neatness, etc. ; while, as regards accu-

racy of results, it will at least not be found inferior to the other

methods; but, on the contrary, I think, preferable, as affording

greater security against failures and errors from accidental causes.

Having obtained such satisfactory results in the cases referred

to, and being prevented by other important work, to which the

study of this process is only incidental, from pursuing the sub-

ject further at present (except so far as I shall have occasion to

use the process in my other investigations), I have thought it

advisable to present the process to the Academy as it now
stands. I hope, however, to be able to resume the work before

long, with the view to determine, by experiment, the extent of

its applicability as a general method, and will report the results

to the Academy.

Art. XLL—On Celestial Dynamics; by J. R. Mayer*

[Concluded from p. 243.]

Till. The Tidal Wave.

Ik almost every case the forces and motions on the surface of

the earth may be traced back to the rays of the sun. home pro-

cesses, however, form a remarkable exception.

One of these is the tides. Beautiful, and in some respects

exhaustive researches on this phenomenon, have been made by

.aulace. and others. The tides are caused by the at-

moon on the movable

mv lnlinratorv bv my friend Mr. Storer,
In ajn anal] . in-i_.:a hw

• - : - • • -- - -"
^ ---•-.-- --'
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parts of the earth's surface, and by the axial rotation of our

globe.

The alternate rising and falling of the level of the sea may be

compared to the ascent and descent of a pendulum oscillating

under the influence of the earth's attraction.

The continual resistance, however weak it may be, which an

instrument of this nature (a physical pendulum) suffers, con-

stantly shortens the amplitude of the oscillations which it per-

forms; and if the pendulum be required to continue in uniform

motion, it must receive a constant supply of vis viva correspond-

Clocks regulated by a pendulum obtain such a supply, either

from a raised weight or a bent spring. The power consumed in

raising the weight or in bending the spring, which power is rep-

resented by the raised weight or the bent spring, overcomes for

a time the resistance, and thus secures the uniform motion of

the pendulum and clock. In doing so, the weight sil

or the spring uncoils, and therefore force must be expended in

winding the clock up again, or it would stop moving.

Essentially the same holds good for the tidal wave. The

moving waters rub against each other, against the shore, and

against the atmosphere, and thus, meeting constantly with cess*"

ance, would soon come to rest if a vis viva did not exist compe-

tent to overcome these obstacles. This vis viva is the rotation

of the earth on its axis, and the diminution and final exhaustion

The tidal wave causes a diminution of the velocity of the rotation

of the earth.

This important conclusion can be proved in different ways.

The attraction of the sun and the moon disturbs the equili-

brium of the movable parts of the earth's surface, so as to move

the waters of the sea toward the point or meridian above and

below which the moon culminates. If the waters could move

without resistance, the elevated parts of the tidal wave would

exactly coincide with the moon's meridian, and under such con-

ditions no consumption of vis viva could take place. In reality,

however, the moving waters experience resistance, in cons*j'

quence of which the flow of the I
i. and bign

water occurs in the open sea on the average about 2| hours after

the transit of the moon through the meridian of the place.

The waters of the ocean move from west and east toward tbe

meridian of the moon, and the more elevated wave is, for the

reason above stated, always to the east of the moon's meridian;

hence the sea must press and flow more powerfully fh

west than from west to east. The ebb and flow of the tidal

wave therefore consists not only in an alternate rising and falling

of the waters, but also in a slow progressive motion from east
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to west. The tidal wave produces a general westerly current i

the ocean.

This curre

and therefore

shores of the ocean must otter everywhere r

rotation of the earth, and dimmish the vis viva of its motion.
The earth here plays the part of a fly-wheel. The movable
parts of its surface adhere, so to speak* to the relatively fixed
moon, and are dragged in a direction opposite to that of the
earth's rotation, in consequence of which, action takes place be-
tween the solid and liquid parts of this fly-wheel, resistance is

overcome, and the given rotatory effect diminished.

Water-mills have been turned by the action of the tides; the
effects produced by such an arrangement are distinguished in a
remarkable manner from those of a mill turned by a mountain-
stream. The one obtains the vis viva with which it works from
the earth's rotation, the other from the sun's radiation.

undulatory, partly in a progressive motion, the waters of the

ocean. Besides the influence of the sun and the moon on the ro-

tating earth, mention must be made of the influence of the move-
ment of the lower strata of the atmosphere on the surface of the

ocean, and of the different temperatures of the sea in various

Climates; the configuration of the shores and the bed of the

ocean likewise exercise a manifold influence on the velocity, di-

rection, and extent of the oceanic currents.

The motions in our atmosphere, as well as those of the ocean,

presuppose the existence and consumption of vis viva to over-

come the coi and to prevent a state of rest or

equilibrium. Generally speaking, the power necessary for the

production of aerial currents may be of tbreefi '1 1 origin. Either

at derived from a store in the in-

terior of the earth, or, lastly, the rotatory effect of the earth may
be the source.

As far as quantity is concerned, the sun is by far the most

important of the above. According to Pouillet's measurements,

a square metre of the earth's surface receives on the average

4-408 units of heat from the sun per minute. Since one unit of

heat is equivalent to 367 Km, it follows that one square metre

of the surface of our globe receives per minute an addition of

qual to 1620 Km, or the whole of the earths surface

in the same time 825,000 billions of Km. A power of 75 Km
per second is called a horse-power. According to this, the effect

of the solar radiation in mechanical work on one square metre

of the earth's surface would be equal to 0'36, and the total ef-

fect for the whole globe 180 billions of horse-powers.^ A not

inconsiderable portion of this <
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consumed in the production of atmospheric actions, in conse-

quence of which numerous motions are set up in the earth's at-

mosphere.

In spite of their great variety, the atmospheric currents may
be reluced to a single type. In consequence of the unequal

heating of the earth in different degrees of latitude, the colder

and heavier air of the polar regions passes in an under current

toward the equator; whereas the heated air of the tropics as-

cends to the higher parts of the atmosphere, and flows from

thence toward the poles. In this manner the air of each hemi-

sphere performs a circuitous motion.

It is known that these currents are essentially modified by the

motion of the earth on its axis. The polar currents, with their

smaller rotatory velocity, receive a motion from east to west con-

trary to the earth's rotation, and the equatorial currents one

from west to east in advance of the axial rotation of the earth.

The former of these currents, the easterly winds, must
the rotatory effect of the globe, the latter, the westerly winds,

must increase the same power. The final result of the action of

these opposed influences is, as regards the rotation of the earth,

according to well-known mechanical principles, =0; for these

currents counteract each other, and therefore cannot exert the

least influence on the axial rotation of the earth. This import-

ant conclusion was proved by Laplace.

The same law holds good for every imaginable action which

is caused either by the radiant heat of the sun, or by the beat

which reaches the surface from the earth's interior, whether the

action be in the air, in the water, or on the land. The effect of

every single motion produced by these means on the rotation of

the globe, is exactly compensated by the effect of another mo-

tion in an opposite direction; so that the resultant of all these

motions is, as far as the axial rotation of the globe is concerned,

= 0.

In those actions known as the tides, such compensation, how-

ever, does not take place ; for the pressure or pull by which they

are produced is always stronger from east to west than from west

to east. The currents caused by this pull may ebb and flow in

different directions, but their motion predominates in that which

is opposed to the earth's rotation.

The velocity of the currents caused by the tide of the atmos-

phere amounts, according to Laplace's calculation, to not more

than 75 millimetres in a second, or nearly a geograpl

in twenty-four hours ; it is clear that much more powerful effects

produced by the sun's heat would hide this action from observa-

tion. The influence of these air-currents, however, on the rota-

tory effect of the earth, is, according to the laws of n

exactly the same as it would be were the atmosphere u
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The combined motions of air and water are to be regarded
from the same point of view. If we imagine the influence of
the sun and that of the interior of our globe not to exist, the
motion of the air and ocean from east to west is still left as an
obstacle to the axial rotation of the earth.
The motion of the waters of the ocean from east to west was

long ago verified by observation, and it is certain that the tides
are the most effectual of the causes to which this great westerly
current is to be referred.

Besides the tidal wave, the lower air-currents moving in the
same direction, the trade-winds of the tropics especially, may be

as causes of this general movement of the waters. The
westerly direction of the latter, however, is not confined to the
region of easterly winds; it is met with in the region of per-

ms, where it possesses a velocity of several miles a
aily; it is observed far away from the tropics both north and
south, in regions where westerly winds prevail, near the Cape of
Good Hope, the Straits of Magellan, the Arctic regions, &c.

'hird cause for the production of a general motion of tn

1 waters of the ocean is the unequal heating of the
sea in different zones. According to the laws of hydrostatics,
the colder water of the higher degrees of latitude is compelled
to flow toward the equator, and the warmer water of the tropics
toward the poles, in consequence of which, similar movements
are produced in the ocean to those in the atmosphere. This is

the cause of the cold under current from the poles to the equa-
tor, and of the warm surface-current from the equator to the
poles. The waters of the latter, by virtue of the greater ve-
locity of rotation at the equator, assume in their onward pro-

gress a direction from west to east. It is a striking proof of the

«of the tidal wave that, in spite of this,

the motion of the ocean is on the whole in an opposite direction.

Theory and experience thus agree in the result that the influ-

ence of the moon on the rotating earth causes a motion of trans-

lation from east to west in both atmosphere and ocean. This
motion mint nmtiuui] .- dimini-h the \ .tat->r\ • fleet of the

earth, for want of an opposite and compensating influence.

The continual pressure of the tidal wave against the axial ro-

tation of the earth may also be deduced from statical laws.

The gravitation of 'the moon affects without exception all

he globe. Let the earth be divided by the plane of

the meridian in which the moon happens to be, into two hemi-

• t i the east, the other to the west of this meridian.

It is el eu- that the m > >u. bv its attraction of the eastern hemi-

sphere, tends to retard tV m »m >n ot tu- e. • t. . and by its at-

traction of the western hemisphere, to accelerate the same rotation.

tinder certain conditions, these tendencies compensate each

Am. Jour be;.-- su > i-, \ i XXXVIII, No. 114.—Nov., 1864.
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other, and then the action of the moon on the earth's rotation he-

comes zero. This happens when both hemispheres are arranged

earl! < n ni_ th : rehttm positu<n; in the latter case a sort

of symmetry is produced by the rotation.

The form of the earth deviates from a perfectly symmetrical

sphere on account of the three following causes:—(1) the flat-
.

toning of the poles, (2) the mountains on the surface, and (3)

the tidal wave. The first two causes do not change the

of the earth's axial rotation. In order to comprehend clearly

the effect of the tidal wave, we shall imagine the earth to he a

nly surrounded by water.

n disturbs the eqn

of this mass, and two flat mountains of water are formed. The

top of one of these is directed toward the moon, and the summit

of the other is turned away from it. A straight Hi

trough the tops of these two mountains is called the major axis

of this earth-spheroid.

In this state the earth may be imagined to be divided into

three parts—a smaller sphere, and two spherical segments at-

tached to the opposite sides of the latter, and representing the

elevations of the tidal wave. The attraction of the moori on

' the small central sphere does not change the rotation, and we

have therefore only to consider the influence of this attraction

on the two tidal elevations. The upper elevation, or mountain,

the one nearest the .yard the west because

its mass is pr to the east of the moon, and the

opposite mountain, which is to the west of the moon, is at-

tracted toward the east. The upper tidal elevation is not only

more powerfully attract tearer to the moon, but

lae the angle under which it is pulled aside is more

favorable for lateral deflection than in the case of the opposite

protuberance. The pressure from east to west of the upper ele-

vation preponderates therefore over the pressure from west to

east of the opposite mountain ; according to calculation, these

a stand to each other nearly as 14 to 13. From the re-

lative position of these two tidal protuberances and the moon, or

the unchangeable position of the major axis of the eari

toward the centre of gravity of the moon, a pressure results,

s from east to west, and offers an obstacle to

the earth's rotation.

If gravitation were to be compared with magnetic attraction,

the earth might be considered to be a large magnet, one pole ot

which, b nig mo:,
j

wmld represent the

upper, and the other pole the lower tidal elevation. As the

lal wave tends to move toward the moon, the eartb

would act like a galvanometer, whose needle has been deflected
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from the magnetic meridian, and which, while tending to return
thereto, exerts a constant lateral pressure.

The foregoing discussion may suffice to demonstrate the in-

fluence oflhe moon on the earth's rotation. The retarding

pressure of the tidal wave may quantitatively be determined in

the same manner as that employed in computing the precession

of the equinoxes and the nutation of the earth's axis. The va-

ibution of land and water, the unequal and unknown
depth of the ocean, and the as yet imperfectly ascertained mean
difference between the time of the moon's culmination and that

of high water in the open sea, enter, however, as elements into

such a calculation, and render the desired result an uncertain

quantity.

In the mean time, thi gined to act

at the equator, cannot be assumed to be less than 1000 millions

of kilogrammes. In order to start with a definite conception,

we may be allowed to use this round number as a basis for the

following calculations.

The rotatory velocity of the earth at the equator is 464 metres,

and the consumption" of mechanical work, therefore, for the

maintenance of the tides, 464,000 millions of Km, or 6

lions of horse-powers per second. The ef:

consequently be estimated at ^th of the effect received by the

earth from the sun.

The rotatory effect which the earth at present possesses, may
be calculated 'from its mass, volume, and velocity of rotation.

The volume of the earth is 2,650,686,000 cubic miles, and its

specific gravity, according to Keich, = 544. If, for the sake of

. we assume the density of the earth to be uniform

throughout its mass, we obtain from the above premiaea

known velocity of rotation, 25,840 quadrillions of kilogram-

metfes as the rotatory effect of the earth. If, during every

second in 2500 years, 464,000 millions of Km of this efl

consumed by the ebb and flow of the tidal wave, it would suiter

a diminution of 36,600 trillions of Km, or about js^th of its

quantity.

The velocities of rotation of a sphere stand to each other in

the same ratio as the square roots of the rotatory elk..

the volume of the sphere remains constant. From this it fol-

lows that, in the assumed time of 2500 years, the length ot a

day has increased ^th ; or if a day be taken equal to 86,400

seconds, it has lengthened T
'

¥th of a second, if the volume ot

the earth has not changed. Whether this supposition be correct;

or not, depends on the temperature of our planet, and will Oe

discussed in the next chapter.

The tides also react on the motion of the moon. The stronger

attraction of the elevation nearest to, and to the east oi me
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moon, increases with the tangential velocity of our satellite; the

mean distance of the earth and the moon, and the time of revo-

lution of the latter, are consequently augmented. The effect of

this action, however, is insignificant, and, according to calcula-

tion, does not amount to more than a fraction of a second in the

course of centuries.

IX. The Heat of the Interior of the Earth.

Without doubt there was once a time when our globe had not

assumed its present magnitude. According to this, by aid of

this simple assumption, the origin of our planet may be reduced

to the union of once separated masses.
To the mechanical combinations of masses of the second order,

with masses of the second and third order, &c, the same laws as

those enunciated for the sun apply. The collision of such

masses must always generate an amount of heat proportional to

the squares of their velocities, or to their mechanical effect.

Although we are not in a position to affirm anything certain

respecting' the primordial conditions under which the constituent

parts of the earth existed, it is nevertheless of the greatest in-

terest to estimate the quantities of heat generated by the col-

lision and combination of these parts by a standard based on the

simplest assumptions.
Accordingly we shall for the present consider the earth to

have been formed by the union of two parts, which obtained

their relative motions by their mutual attraction only. Let the

whole mass of the present earth, expressed in kilogrammes, be

T, and the masses of the two portions T — x and x. The ratio

of these two quantities may be imagined to assume various

values. The two extreme cases are, when x is considered in-

finitely small in comparison with T, and when cc = T — sc = iT.

These form the limits of all imaginable ratios of the parts T-as

and x, and will now be more closely examined.
Terrestrial heights are of course excluded from the following

consideration. In the first place let x, in comparison with T— %,

be infinitely small. The final velocity with which x arrive on

the surface of the large mass, after having passed through a

great space in a strai.

round it, is, according to the laws developed in relation to the

suni ( apter IV, confined within th unit, of 7908 and 11,183

metres. The heat generated bv this process may amount to

from 8685 X x to 17,370 X x units, according to the value of the

s of the orbit of x. This heat, however, vai

its distribution through the greater mass, because x is, according

to supposition, infinitely small in comparison with T.
The quantitv of heat generated increases with x. and amounts

in the second case, when x~iT
t
to from 6000 X T to 8685 X 1
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If we assume the earth to possess a very great capacity for
heat, equal in fact to that of its volume of water, wh
calculated for equal weights = 0184, the above discussion leads
to the conclusion that the difference of temperature of the con-
stituent parts, and of the earth after their union, or, in other
words, the heat generated by the collision of these parts, may
range, according to their relative magnitude, from 0° to 32,000°,
or even to 47,000° !

With the number of parts which thus mechanically combine,
the quantity of heat developed increases. Far greater still would
have been the generation of heat if the constituent parts had
moved in separate orbits round the sun before their union, and
had accidentally approached and met each other. For various
reasons, however, this latter supposition is not very probable.

Several facts indicate that our earth was once a fiery liquid

mass, which has since cooled gradually, down to a comparatively

form of the earth is its histor}'." According to the most careful

measurements, the flattening at the poles is exactly such as a
liquid mass rotating on its axis with the velocity of the earth

would possess ; from this we may conclude that the earth, at the

time it received its rotatory motion, was in a liquid state; and,

after much controversy, it may be considered as settled that this

liquid condition was not that of an aqueous solution, but of a
mass melted by a high temperature.

The temperature of the crust of the globe likewise furnishes

proof of the existence of a store of heat in its interior. Many
exact experiments and measurements show that the temperature

of the earth increases with the depth to which we penetrate. In
boring the artesian well at Grrenelle, which is 546 metres deep,

it was observed that the temperature augmented at the rate of
1° for every 30 metres. The same result was obtained by ob-

servations in the artesian well at Mondorf in Luxembourg: this

well is 671 n its water 34° warm.

Thermal springs furnish a striking proof of the high temper-

ature existing in the interior of
;

men
^
re

agreed that the aqueous deposits from the atmosphere, ram,

hail, dew, and snow, are the sole causes of the formation of

spring*. The water, obeying the laws of gravity, percolates

herever it can, and reappears at the surface

in places of a lower situation. When water sinks i

able depths through vertical crevices in the rocks, it acquires the

ire of the surrounding strata, and returns as a thermal

spring to the surface.

Such waters are frequently distinguished from the water of

ordinary springs merely by their possessing a higher tempera-
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ture. If, however, the water in its course meets with mineral

or organic substances which it can dissolve and retain, it then

- aa a mineral spring. Examples of such are met with

at Aachen, Carlsbad, &c.

In a far more decided manner than by the high temperature

of the water of certain springs, the interior heat of our globe is

made manifest by those fiery fluid masses which sometimes rise

from considerable depths. The temperature of the earth's crust

increases at the rate of 1° for every 30 metres we desc

the surface toward the centre. Although it is incredible that

this augmentation can continue at the same rate till the centre

be reached, we may nevertheless assume with certainty that it

does continue to a considerable depth. Calculation based on

this assumption shows that at a depth of a few miles a tempera-

ture must exist sufficiently powerful to fuse most substances.

Such molten masses penetrate the cold crust of the globe in

, s lava.

A distinguished scientific man has lately expressed himself on

the origin of the interior heat of the earth as follows:—"No
one of course can explain the final causes of things. This much,

however, is clear to every thinking man, that there is just as

much reason that a body, like the earth for example, should be

warm, warmer than ice or human blood, as there is that it should

be cold or colder than the latter. A particular cause for this

absolute heat is as little necessary as a cause for motion or rest.

Change—that is to say, transition from one state of things to

another—alone requires and admits of explanation."

It is evident that this reflection is not fitted to suppress the

desire for an explanation of the phenomenon in question. As

all matter has the tendency to assume the same temperature as

that possessed by the substances by which it happens to be sur-

librium has been established, we must conclude that, whenever

we meet with a body warmer than its neighbors, such body

must have received at a (relatively speaking) not far distant

time, a certain degree of heat,—a process which certainly allows

of, and requires explanation.

Newton's theory of gravitation, whilst it enables us to deter-

mine, from its present form, the earth's state of aggregation in

ages past, at the same time points out to us a source of heat

powerful enough to produce such a state of aggregation, power-

ful enough to melt worlds ; it teaches us to consider the molten

state of a planet as the result of the mechanical union of cosmical

masses, and thus to derive the radiation of the sun and the heat

in the bowels of the earth from a common origin.
,

The rotatory effect of the earth also may be readily explained

by the collision of its constituent parts ; and we must accord-
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ingly subtract the via viva of the axial rotation from the whole
effect of the collision and mechanical combination, in order to

obtain the quantity of heat generat id. The rotatory effect, how-
..:•

i

-;-

of the earth. It amounts to about 4400xT kilogram met res, (T
being the weight of the earth in kilograms) which is equivalent

to 12 X T units of heat, if we assume the density of the earth,

to be uniform throughout.

sequence of the action of a resisting medium, or from some other

cause, to unite herself with our earth, two i run pal effects are

to be discerned. A result of the collision would be, that the

whole mass of the moon and the cold crust of the earth would
be raised some thousands of degrees in temperature, and conse-

quently the surface of the earth'would be converted into a fiery

ocean. At the same time, the velocity of the earth's axial rota-

tion would be somewhat accelerated, and the position of its axis

with regard to the heavens, and to its own
tered. If the earth had been a cold body without axial rota-

tion, the process of its combining with the moon would have im-

parted to it both heat and rotation.

It is probable that such processes of combination between dif-

ferent pa its of our globe may have repeatedly happened before

the earth attained its present magnitude, and that I

vegetation may have at different times been buried under the

fiery debris resulting from the conflict of these masses.

As long as the surface of our globe was in

state, it must have lost heat at a very rapid rate; gradually this

process became slower; and although it has not yet entirely

ceased, the rate of cooling must have diminished to a compara-

tively small magnitude. „ , , , . ,

Two phenomena are caused by the cooling of the earth, which,

on account of their common origin, are intimately related. The

decrease of temperature, and consequent contraction of the

earth's crust, must have caused frequent disturbances and revo-

lutions on its surface, accompanied by the ejection of molten

masses and the formation of protuberances ;
on the other hand,

according to the laws of mechanics, the velocity of rotation must

have increas -ion of the volume of the sphere

or, in other words, the cooling of the earth must have shortened

the length of the dav. P
As the intensity of such disturbances and the velocity ot ro-

tation are closely connected, it is clear that the youth ot our

planet must lished bv continual violent trans-

; its crust, and a perceptible acceleration of the ve-
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locitj of its axial rotation ; while in the present time the meta-

morphoses of its surface are much slower, and the acceleration

of its axial revolution diminished to a very small amount.
If we imagine the times when the Alps, the chain of the

Andes, and the Peak of Teneriffe were upheaved from the deep,

and compare with such changes the earthquakes and volcanic

eruptions of historic times, we perceive in these modern trans-

formations but weak images of the analogous processes of by-

gone ages.

W bile we are surrounded on every side by the monuments
of violent volcanic convulsions, we possess no record of the ve-

locity of the axial rotation of our planet in antediluvian times.

It is of the greatest importance that we should have an exact

knowledge <

|a velocity, or in the length of the

day during historic times. The investigation of this subject by
the great Laplace forms a bright monument in the department
of exact science.

These calculations are essentially conducted in the following

manner:—In the first place, the time between two eclipses of

the sun, widely apart from each other, is as accurately as possible

expressed in days, and from this the ratio of the time of the

earth's rotation to the mean time of the moon's revolution deter-

mined. If, now, the observations of ancient astronomers be com-
pared with those of our present time, the least alteration in the

absolute length of a day may be detected by a change in this

ratio, or in a disturbance in"the lunar revolution. The most

perfect agreement of ancient records on the movements of the

moon and the planets, on the eclipses of the sun, &c, revealed

the remarkable fact that in the course of twenty-five

centuries, the time in which our earth revolves on its axis has

not altered j^th part of a sexagesimal second; and the length

of a day therefore may be considered to have been constant

during historic times.

This result, as important as it was convenient for astronomy,
was nevertheless of a nature to create some difficulties for the

With apparently good reason it was concluded that,

if the velocity of rotation had remained constant, the volume of

the earth could have undergone no change. The earth completes

one revolar 36,400 sidereal seconds; it conse-

quently app is not altered during 2500 years

to the extent of r$¥th of a second, or
43;o
^th part of a day,

that during this long space of tin . earth also

cannot have altered more than fchi :gth. The
earth's radius measures 6,369,800 metres, and therefor
ought not to have diminished more than 15 centimetres in twenty-

The diminution in volume, as a result of the cooling-process,
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is however, closely connected with the changes on the earth's
surface. When we consider that scarcely a day passes without
the occurrence of an earthquake or shock in one place or an-
other, and that of the three hundred active volcanos some are
always in action, it would appear that such a lively reaction of
the interior of the earth against the crust is incompatible with
the constancy of its volume.

This apparent discrepancy between Cordier's theory of the
connexion between the cooling of the earth and the reaction of
the interior on the exterior parts, and Laplace's calculation
showing the constancy of the length of the day, a calculation
which is undoubtedly correct, has induced most scientific men
to abandon Cordier's theory, and thus to deprive themselves of
any tenable explanation of volcanic activity.

The continued cooling of the earth cannot be denied, for it

takes place according to the laws of nature; in this respect the
earth cannot comport itself differently from any other mass,
however small it be. In spite of the heat which it receives from
the sun, the earth will have a tendency to cool so long as the
temperature of its interior is higher than the mean temperature
of its surface. Between the tropics the mean temperature pro-
duced by the sun is about 28°, and the sun therefore is as little

able to stop the cooling-tendency of the earth as the moderate
warmth of the air can prevent the cooling of a red-hot ball sus-

pended in a room.
Many phenomena—for instance, the melting of the glaciers

near the bed on which they rest—show the uninterrupted emis-
sion of heat from the interior toward the exterior of the earth

;

and the question is, Has the earth in twenty-five centuries ac-

tually lost no more heat than that to shorten a
radius of more than six millions of metres only 15 centimetres?

In answei three points enter into our calcu-

lation:—(1) the absolute amount of heat lost by the earth in a
certain time, say one day; (2) the earth's capacity for heat; and
(3) the coefficient of expansion of the mass of the earth.

As none of these quantities can be determined by direct

measurements, we are obliged to content ourselves with probable

estimates; these estimates will carry the more weight the less

they are formed in favor of some preconceived opinion.

Considering what is known about the expansion and contrac-

tion of solids and liquids by heat and cold, we arrive at the con-

clusion that for a diminution of 1° in temperature, the linear

contraction of the earth cannot well be less than ,-^th part, a

number which we all the more readily adopt because it has been

used by Laplace, Arago, and others.

If we compare the capacity for heat of all solid and liquid

bodies which have been examined, we find that, both as regards

Am. Jour. Sor.-Second Sebiks, Vol. XXXVIII, No. 114.—Nov., 1864

52
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volume and weight, the capacity of water is the greatest. Even

the gases come under this rule ; hydrogen, however, forms an

exception, it having the greatest capacity for heat of all bodies

when compared with an equal weight of water. In order not

to take the capacity for heat of the mass of the earth too small,

we shall consider it to be equal to that of its volume of water,

win - :

. .-. h , dated for equal weights, amounts to 0484.
1

If we accept Laplace's result, that the length of a day has re-

mained constant during the last 2500 years, and conclude that

the earth's radius has not diminished 1^ decimetre in conse-

quence of cooling, we are obliged to assume, according to the

premie s stated, that the mean temperature of our planet cannot

have decreased T {j° in the same period of time.

The volume of the earth amounts to 2650 millions of cubic

miles. A loss of heat sufficient to cool this mass T£T
° would

be equal to the heat given off when the temperature of 6,150,000

cubic miles of water decreases 1°; hence the loss for one day

would be equal to 674 cubic miles of heat.

Fourier has investigated the loss of heat sustained by the

earth. Taking the observation that the temperature of the earth

increases at the rate of 1° for every 30 metres as the basis of his

ns, this celebrated mathematician finds the heat which

the globe loses by conduction through its crust in the space ot

100 years to be capable of melting a layer of ice 3 metres in

thickness and covering the whole surface of the globe

responds in one day to 77 cubic miles of heat, and in 2500

years to a decrease of 17 centimetres in the length of the radius.

According to this, the cooling of the globe would be sutn-

ciently great to require attention when the earth's velocity of ro-

tation is considered.

At the same time it is clear that the method employed by

Fourier can bring to our knowledge onlv one part of the heat

which is annually lost by the earth; for simple conduction

through terra firma is not the only way by which heat escapes

from our globe. .

In the first place, we may make mention of the aqueous de-

posits of our atmosphere, which, as far as they penetrate our
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earth, wash away, so to speak, a portion of the heat, and thus
accelerate the cooling of the globe. The whole quantity of
water which falls from the atmosphere upon the land in one day,
however, cannot be assumed to be much more than half a cubic
mile in volume, hence the cooling effect produced by this water
may be neglected in our calculation. The heat carried off by all
the thermal springs in the world is very small in comparison
with the quantities which we have to consider here.
Much more important is the effect produced by active volca-

nos. As the heat which accompanies the molten matter to the
Wrface is derived from the store in the interior of the earth,
their action must influence considerably the diminution of the
earth's heat. And we have not only to consider here actual

- which take place in succession or simultaneously at
different parts of the earth's surface, but also volcanos in a qui-
escent state, which continually radiate large quantities of heat
abstracted from the interior of the globe. If we compare the
earth to an animal body, we may regard each volcano as a place
where the epidermis has been torn off, leaving the interior ex-
posed, arid thus opening a door for the escape of heat,

Of the whole of the heat which passes away through these

numerous outlets, too low an estimate must not be made. To
have some I tion of this loss, we have to re-

ad, a volcano in Iceland, emitted
sufficient lava in the space of six weeks to cover 60 square miles
of country to an average depth of 200 metres, or, in other

words, about 1£ cubic mile of lava. The amount of heat lost

by this one eruption of one volcano must, when the high tem-

perature of the lava is considered, be estimated to be more than
1000 cubic miles of heat; and the whole loss resulting from the

action of all ints, therefore, in all probability,

to thousands of cubic miles of heat per annum. This latter

number, when added to Fourier's result, produces a sum winch

evidently does not agree with the assumption that the volume of

our earth has remained unchanged.
In the investigation of the cooling of our globe, the influence

of the water of the ocean has to be taken into account. Fourier's

calculations are based on the observations of the increase of the

temperature of the crust of our earth, from the surface toward

the centre. But two-thirds of the surface of our globe are cov-

ered with water, and we cannot assume a priori that tbw large

area loses heat at the same rate as the solid parts; on the con-

trary, various circumstances indicate that the cooling of our

globe proceeds more quickly through the waters of the ocean

resting on it than from the solid parts merely in contact with the

atmosphere.
In the first place, we have to remark that the bottom of the
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ocean is, generally speaking, nearer to the store of heat in the

interior of the earth than the dry land is, and hence that the

temperature increases most probably in a greater ratio from the

bottom of the sea toward the interior of the globe, than it does

in our observations on the land. Secondly, we have to consider

that the whole bottom of the sea is covered by a layer of ice-

cold water, which moves constantly from the poles to the equa-

tor, and which, in its passage over sand-banks, causes, as

Humboldt aptly remarks, the low temperatures which are gen-

erally observed in shallow places. That the water near the

bottom of the sea, on account of its great specific heat and its

low temperature, is better fitted than the atmosphere to withdraw

the heat from the earth, is a point which requires no further

discussion.

We have plenty of observations which prove that the earth

suffers a great loss of heat through the waters of the ocean.

Many investigations have demonstrated the existence of a large

expanse of sea, much visited by whalers, situated between Ice-

land, Greenland, Norway, and Spitzbergen, and extending from

lat. 76° to 80° K, and from long. 15° E. to 15° W. of Greenwich,

where the temperature was observed to be higher in the deeper

water than near the surface—an experience which neither ac-

cords with the general rule, nor agrees with the laws of hydro-

statics. Franklin observed, in lat. 77° N. and long. 12° E., that

the temperature of the sea near the surface was — 1°, and at a

depth of 700 fathoms +6°. Fisher, in lat. 80° N. and long. 11° E.,

noticed that the surface-water had a temperature of 0°, whilst at

a depth of 140 fathoms it stood at +8.
As sea-water, unlike pure water, does not possess a point of

greatest density at some distance above the freezing-point, and

as the water in lat. 80° N. is found at some depth to be warmer

than water at the same depth 10° southward, we can only ex>

remarkable phenomenon of an increase of temperature

of depth by the existence of a source of heat

at the bottom of the sea. The heat, however, which is required

to warm the water at the bottom of an expanse of ocean more

than 1000 square miles in extent to a sensible degree, must

amount, according to the lowest estimate, to some cubic miles ot

heat a day.

The same phenomenon has been observed in other parts ot

the world, such as the west coast of Australia, the Adriatic, the

i mention should here be made of

an observation by Horner, according to whom, the lead, when

hauled up from a' depth varying from 80 to 100 fathoms in the

ilf-stream off the coast of America, used to be hotter

than boiling water.

The facts above mentioned, and some others which might be

arly show that the loss of heat suffered by our globe
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during the last 2500 years is far too great to have been without
sensible effect on the velocity of the earth's rotation. The rea-

son why, in spite of this accelerating cause, the length of a day
has nevertheless remained constant since the most ancient times,

must be attributed to an opposite retarding action. This con-
sists in the attraction of the sun and moon on the liquid parts

of the earth's surface, as explained in the last chapter.

According to the calculations of the last chapter, the retard-

ing pressure of the tides against the earth's rotation would cause,

during the lapse of 2500 years, a sidereal day to be lengthened
to the extent of T\th of a second ; as the length of a day, how-
ever, has remained constant, the cooling effect of the earth

during the same period of time must have shortened the day

TVth of a second. A diminution of the earth's radius to the

amount of 4£ metres in 2500 years, and a daily loss of 200 cubic

miles of heat, correspond to this effect. Hence, in the course of

the last twenty-five centuries, the temperature of the whole mass

of the earth must have decreased T'j
C

.

The not inconsiderable contraction of the earth resulting from

such a loss of heat, agrees with the continual transformations of

the earth's surface by earthquakes and volcanic eruptions; and
we agree with Cordier, the industrious observer of volcanic pro-

of the

When our earth was in its youth, its velocity of rotation must

have increased to a very sensible degree, on account of the rapid

cooling of its then very hot mass. This accelerating cause grad-

ually diminished, and as the retarding pressure of the tidal wave

remains n« lattej must finally preponderate,

and the velocity of rotation therefore continually decrease. Be-

tween these two states we have a period of equilibrium, a period

when the influence of the cooling and that of the tidal pressure

counterbalance each other; the •
: !! therefore

may be divided into three periods—youth with

middle age with uniform, and old age with decreasing velocity

of rotation.
,

The time during which the two opposed influences on the ro-

tation of the earth are in equilibrium can, strictly speaking,

only be very short, inasmuch as in one moment the cooling, ana

in the next moment the pressure of the tides must prevail.

-sical sense, however, when measured by ban

ards, the influence of the cooling, and still more so that of the

tidal wave, mav for ages be considered constant, and there must

consequently exist a period of many thousand years duration

during which these counteracting influences will appear to be

equal. Within this period, a a
its shortest

length, and the velocity of the earth's rotation its maximum
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vhich, according to mathematical analysis, would
tend to lengthen the duration of this period of the earth's ex-

The historical times of mankind are, according to Laplace's

calculation, to be placed in this period. Whether we are at the

present moment still near its commencement, its middle, or are

approaching its conclusion, is a question which cannot be solved

by our present data, and must be left to future generations.

The continual cooling of the earth cannot be without an in-

fluence on the temperature of its surface, and consequently on

the climate; scientific men, led by Buffon, in fact, have ad-

vanced the supposition that the loss of heat- sustained by our

globe must at some time render it an unfit habitation t

life. Such an apprehension has evidently no foundation, for

the warmth of the earth's surface is even now much more de-

pendent on the rays of the sun than on the heat which reaches

us from the interior. According to Pouillet's measurements,

mentioned in Chapter III, the earth receives 8000 cubic miles

of heat a day from the sun, whereas the heat which reaches the

surface from the earth's interior may be estimated at 200 cubic

miles per diem. The heat therefore obtained from the latter

source every day is but small in comparison to the diurnal heat

received from the sun.

If we imagine the solar radiation to be constant, and the heat

we receive from the store in the interior of the earth to be cut

off, we should have as a consequence various changes in the

physical constitution of the surface of our globe. The tempe-

rature of hot springs would gradually sink down to the mean

temperature of the earth's crust, volcanic eruptions would cease,

earthquakes would no longer be felt, and the temperature of the

water of the ocean would be sensibly altered in many places

circumstances which would doubtless affect the climate in many
parts of the world. Especially, it may be presumed that Western

Europe, with its pleasai . would become colder,

and thus perhaps the seat of the power and culture of our race

transferred to the milder parts of North America.
Be this as it may, for thousands of years to come we can pre-

dict no diminution of the temperature of the surface of our

globe as a consequence of the cooling of its interior mass; and,

so far as historic records teach, the climates, the temperatures ot

thermal springs, and the intensity and frequency of volcanic

eruptions are now the same as they were in the far past.

It was different in prehistoric times, when for centuries the

earth's surface was heated by internal fire, when mammoths
lived in the now uninhabitable polar regions, and when the tree-

ferns and the tropical shell-fish, whose fossil remains are now
especially preserved in the coal-formation, were at home in all
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ART. XLII.

—

Notice of a new fossil Annelid (ffelmintkodes an-

tiquus), from the Lithographic Slates of Solenhofen ; by O. C.

Marsh, F.G.S., of New Haven, Ct.

During a geological excursion which I recently made through
the south of Germany, I spent several days at the lithographic

quarries of Solenhofen, in Bavaria, and was so fortunate as to

obtain a rich suite of fossils from that well known locality.

One of the most interesting specimens in the collection is a
new Annelid, which is so well preserved that not merely the

outer form, but also the inner structure, can be determined with
considerable certainty. The fossil is about 3£ inches in length,

and f of an inch in breadth. The alimentary canal is straight,

of nearly equal size throughout the body, and appears to be
filled with its original contents.

This is, I believe, the first instance in which any part of an
Annelid itself has been found preserved; the fossil remains

hitherto referred to this class being either calcareous tubes allied

to Tubicola, or certain impressions, tracks, and borings attributed

to Annelids, but most of them more or less problematical as

regards their origin.

At the last meeting of the Geological Society of Germany,
held here on the 6th inst., I mentioned the discovery of this spe-

cimen
; and, as it was evidently quite different from anything

previously described, I proposed for the species the name Hel-

minthodes antiquus.

A careful comparison with living forms will probably be ne-

cessary to determine the true position of this fossil among the

Annelids, to which class it undoubtedly belongs, although some

points in its structure seem to indicate other affinities. A full

description, with illustrations, will soon be ready for publication

in the American Journal of Science.

SCIENTIFIC INTELLIGENCE.
I. CHEMISTRY AND PHYSICS.

1. On the wave-lengths of the luminous and ultra-violet raus.—^xs-

cart has preseuted to the I

I new determinations of considerable interest am;

racy. The author ei
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employed by 8 and T, still more refran-

gible and not previously studied. The wave-lengths were detei

means of a re about 44 lines

to the millimeter. The following table gives the results of the measure-

ments in thousandths of a millimeter

:

— Compt.es Rendu*, Iviii, 11 11. w. o.

2. On the determination of ivave lengths hy means of interference bands.

as new, the method employed by E**elbitoh for the deten

wave-lengths by means of • of later*

ferenees. As the method in question is likely to be extensively employed

hereafter, and as it has been in some respects

by Bernard, we shall here tdve it in full. The author has

two somewhat different forms. A plate of spar 1-OM"" ii

cut parallel to the axis, w
between tw^Niehoi's prisms. The axis of the plate being 45° from ihe

principal sections of the prisms crossed at a

beam possessed the maximum intensity. When ~; •

:•-.:- '

1 by bands. Ji the former of

hich the solar lines c

„

o' the differences between the ordinary and extraor

:

3 rays, and e the thickness of the plate, the value of A may be d

d from the equation A= -
, in which m is to be taken as positr

thv>. i

ngle wave-length, as for instance that of D, and the quantities

*» &'i e
->
given directly by observation and determined once for all for the

-

Another and simpler method of applying the same principle is the toi-

lowing. In front of the object-glass of the collimator, and adapted to it,

is placed a screen having about two centimeters

in height and seven millimeters wide. The difference in path betweeneight and se

anng rays is produced by <

is plate ?
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half the width of the opening with a height of five millimeters ; the
inner border of the plate was parallel to the slit of the collimator. The

only one-fourth of the spectrum in height, and formed a sort of ruled

ribbon, the centre of which corresponded to the middle line of the spec-

trum. From A. to H there were more than seven hundred bands, and
the interval between the two principal rays in D was equal to the width
of a band. By using a blue glass, sixty bands could be counted beyond

the last limit of tin visibl* speetium. I'o calculate the \alue of * we
replace, in the formula already given, the values 5 and 8' by n— 1 and
«j— 1, where n and n

1
are the indices of refraction of quartz for the or-

- of wave-length * and V. In this manner the author obtained

the following wave-lengths, taking Fraunhofer's value for D, namely,

5888:

B 6865 D F 485S II
j JJJJ ^Jjf

Bernard suggests—and this constitutes, we think, the chief merit and

only original part of his paper—that the arrangement he proposes

will give a simple and precise met!: v -ctial lines,

since it is easy to measure one-tenth of the interval between two succes-

plate of quartz, oue millimeter in thickness, to divide the spectrum be-

tween A aud H into 7000 equal parts. Moreover, by a simple method

of interpolation, it would be easy to deduce the wave-length of any ob-

served line. This \\ >u I unq . -tionably be a great improvement in the

spectroscope, and would give a fixed scale deserving of general adoption.

— Comptes jRendas, lviii, 1153. w
-
»•

3. On the ' horw.—DiL-

analyses of the sulphate. The earth
1

-,:• -

being in each case it» ! * manner recom-

mended by Marignac for cerite. The sulphate ot

-'

...
. .. •

-
^

- * -
'

Marignac, belong to the oblique rhombic system. The i

dried at 400°-450° ; the anhydrous salt gave on ignition pure thona.

Asa mean - ,i Per c
f
uk

of thoria. Determinations of the acid and water in this and another

sulphate were also made, and lead to the formulas 4(ThO, SO s )+ 9|jq.

and 2(ThO,S0 3
)+9aq., which are, to say the

and not Th< >, a~ .- mi. ) b\ !'"< elius. In the f<>

lent of thorium, according to the above-mentioned

Delafontaine hir: vr a ; ; u- - in support of his opii

- -

Chydenius. Upon this view, the sulphates rous

Am. Joue. Sci.—Second Sekies, Vol. X

. • •



2S0 3)+9 aq. and Th0 2 , 2S0 3 -f9 aq. Finally, the formulas of the don-

KF+ThF
2 -f4aq. and KF+2ThF2+4 aq. If we take 0=16, the,

becomes 2 : 5 1
- 2 . The weight of evidence certainly appears, to be in favor

' X.'tar;

irth by Popp in Wo

ban hitht

and terbium being i

mixture of yttria with th • oxy.ls < f tl • in -tals < f the cerium group a

with small portions of the alkalies and lime. In a note, the author f

ther slates that his investigat >ns havt .< l^red the existence of lantl

num very duubtl that the metal may be strict

from the list of elements an 1 go the way of t!u>mrium, noriam, wash
and wodanum. The separation of yttria from the oxyds of cerium n

didymium may be eif-et^-d. accoi ling to Popp, by carbonate of ban

which precipitates the latter completely in the cold, while yttria rema

should be in the form of sesquioxyd, as the protoxyd is not preeipital

by carbonate of baryta. Fi • yttria resembles 1

drate of alumina, and has a pure white color without a trace of r

when perfectly free from oxyd of cerium. After ignit

YO, 2H0. Yttria is a strong base which excels

them and does not arise from manganese or did
yttrium, when examined by the spiv

• '••
one lies in the extreme

red, two between the green and yellow, one between the blue and green,

and one far in the violet. The author determined the equivalent of

yttria by four analyses of the sulphate which closely agreed, and gave

42-015 as the equivalent, of the oxyd, so that

an arithmetical mean between the eqi 1 didymium.

ttrrera was prepared by re means of so-

•,
:

>. ,? [ - ,: ::
. ..

_
-,. .. . .

"

, _ •
,

•

sembling iron reduced by hydrogen, and doe? not oxydize at ordinary
"

:

;

•

in oxygen. The author has an
' salts, and ren
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complete. For the descriptions of the salts we must refer to ta

memoir.

—

Ann. der Ckemie vnd Pharmacie, lv, 179. w. o.

5. On the separation of Cerium from Lanthanum and Bidymium.—
Popp has four tinted from

:>. After boiling a short time, the whole of the cerium is sepa-

didymium. When much free acetic arid is present tiu- prucipi'ate redis-

fcttm on the solution is boiled.

The boiling solution is to be tillered upon a water bath funnel, and the

precipitate washed with boiling water. The filtrate must remain clear

when heated, otherwise the cerium is not entirely separated. In place

- »ben the operation

is carefully conducted a single treatment is sufficient, and every trace of

:

of cerium precipitated appears to be a superoxyd, Ce0 2 . It contains

water, and dries to a brow h yields a bright yellow

powder. Popp finds that pure protoxyd of ceriui. .

the oxalate and heating the oxyd in a current of hydrogen, is a purely

white powder which tab- a i Idish color when exposed to the air.

When the superoxyd is dissolved in warm concentrated nitric acid, and

tted by ammonia, a flesh-red hydrate of the sesqui-

oxv d i> formed - »nd in lai'ge masses, possesses a dirty

\i et-red color. The ignited hydrate gives a deep brown-red oxyd,

. -

digestion with concentrated sulphuric acid. The solution has a golden-

yellow color, and gives • wit!" sul-

phate of potash. Metallic cerium may bo ol
: .

the oxalate in a glass tube closed at one end and excluding the air as

i.. . i. •:- - : - - - -
.'... .:._ '-

heating, burns to a red oxyd. Water appears not to oxydize it.—Ann.
' Pkarma <. exxxi, %59. w. a.

Q. On Wasium.—Popp and Delafontaine have, independently of

each oilier Pxnniinwl the so-called oxyd of wasium ot Hahr. Poth

been well founded.—Ann. der Chem. und Pharm., cxxxi, 364, 368.

7. Preliminary notice of a new earth.—BrscHOF has discovered in a

ammonia ; s s me what soluble in

water and may therefore be washed away. Carbonate of soda gives a
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white flocky precipitate. Carbonate of ammonia dissolves the earth

almost completely ; the remainder, v-

:

quantity, ap-

pears to exhibit other reactions. With sulphuric acid the earth gives a

salt which is soluble with difficulty i The most

peculiar fact connected with the new earth is the behavior of the chlorid

on heating. This gives a white eablitn tilted by pot-

hydric acid u formed. The earth gives

no character;- rh the blowpipe or spectroscope. The

obtained, meantime Il() n.mi, .-
j
!>, .— .] t-»i the supposed new element,

and it is to be hoped that none will be until its existence is demonstrated

beyond the possibility of doubt.

—

Poop. Ann., cxxii, 646. W. o.

8. Thallium.—The presence of ti. . te of Moravia

and the mica of Zinnwald has been as 3cfardtter.

9. Refractory character of alumina and silica; C. Bischof.—Pure

alumina chemically prepared is less refra ton th i ni< il -
]

"re - I

«
i,

but pure native alumina is more refractory than i

of Norway, rock crystal or amethyst). Basic silicates of a

more refractory than acid, and clays are more refractory the more alu-

mina they contain.—J. fur piokt. Chemie, xci, 19.

10. On. the magnetic period depending on the Sun's rotation; by

Prof. Gpstavcs Hinrichs, Iowa State University.—In the last number

of this Journal (the number for September, p. 269) there is a synopsis of

a paper of Baxendell on some remarkable changes in the magnetic con-

dition of the earth having a variable period of from twenty-three to

thirty-two days, and being closely connected with the per

spots. An explanation is at the same time advanced—bur

on a series of hypotheses equal in number to the changes observed, and

apparently all equally daring. A ring of nebulous matter is assumed

i to Leverrier's hypothesis . ; is considered

very different from common matter, being endowed with forces that make

it oscillate through a distance of three millions of miles toward and from

the sun. Indeed, these hypotheses seem much more in need of an ex-

planation than the phenomena observed.

It may therefore not be amiss to show that the principal period may

be accounted for by my theoiy of tenwii i. magafttttn, m

upon only one single bj

known phenomena of terrestrial magnetism. This hypothesis is that an

' '
-

-

From this hypoth^is it f..|],»ws that all heavenly bodies, h

ry and rotatory motion, are magnets. "(See my n

tied Der Erdmagnetismu's als Folqe der Bewegung der Erd>

Copenhagen, 1860, § It).) Hence the sun is a magnet. (Der Erdmag-

netismus, § 25.)

The .solar spots are certainly great changes in the atmospherej>Mhe

1 ether condensed by t
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But any change in the ether-current is a change in the sun's magnetism,
which, by in< [ucefl a similar change iu
the latter. From this it follows

:

1st. That the elements of terrestrial magnetism change in harmony
with the change in the solar spots. (Der Erdmagnelismus, §§ 37, 38.)

2d. As the sun rotates around an axis dirt'^t itiLj from his magnetic axis

(Erdm., § 19), there must be a period in terrestrial m^netism equal to

the apparent •

m. i. -.. 11 | d«yi (Olmsted, Astron-
omy, §148). This evidently is Uaxond.-ll's

,
..,|. f,„- the mean of the

shortest and longest period given by him (23 and 32 days) is 27£ day*
—as good as identical with the above.

Spots on the Sun. ill this Journal, July, 1804. p. 142, it is stated that

the spots travel at different rate* tec from the

a" re ton n. I, contract and exj

-.

of miles.

Baxendell's period of 18 months might be referred to the secular rota-

tion of the m iod amounts

to from ten to '"tuiirt. . n cenrui es [Erdm., § 61), so that the above period

for the sun seems to be smaller than the less density of the solar sphere

can account for. We would, therefore, not pronounce on this question.

11. The Electric Discharge.—bit ui published

(Poggendorf's Arm., cxiii,*437, and cxvi. 132) an interesting account

rimenfet on the discharge of the Leyden jar. The I :_

by the explosion was analyzed by a revolving concave minor,
!.-'.>

of r»\.. u-i :'.
\-v.

'
; from 30 to 100 times per second. The image of the

- received either on a ground glass plate and exam-
• graphic plate, where it impressed

thrown much light on the

nature of the discharge, aud seem to have setth d

Previous to tl were accustomed to regard the dis-

I directed the same way. Feddersen has shown that each of

.,-
;;

; , r - .... -
.

-
• - -

10 and fro. The well-known experiment of Wheatstone had induced a
-

than the one millionth of a second, wl - tbat * oc "

[y T(TJTO of a second. W - d conduct-

ing power, i itionc that lead him to the belief that

the discharge is oscillatory ; that is, one half of the positive

from the interior of the jar passes to the exterior coating, simultaneously
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one half of the negative electricity of the external coating passing to the

expected ; the interior of the jar becomes negative!} . > fir*. 1, • n i d -

mi ; next, the interior of the jar becomes again

positively charged, and discharges itself—and so on, until t

h takes place after 30, 20, 10, or a smaller number of oscil-

resistance of illy increased, the number of observed

illy only one remains. This is the

point at whicl - to be oscillatory, and becomes con-

tinuous. In this kind of discharge the two currents never cl

primary directions; they rapidly reach a maximum, and gi

reached the exterior coating, and one half of the l

the jar. If now the resistance of thy circuit be fuither gradually in-

creased, the >:' - increased,

till a second point is reached, when the nature of the discharge again

alters, and the continuous discharge is succeeded

charge, the "partial;' when equilibrium i- effected" by a series f partial

-

tions to the end. Tie- -. ied by the in-

troduction into the circuit i water.

Duration of the discharge with a short circuit of (j

power.—The spark thus produced is drawn out by the revi

into a band, whose length of course varies with the rate of rotation;

with a rate of 52 revolutions per second, the band was 27|«ltn in length,

and consisted of a yellowish white portion, shading into a

white, and this again into a red tail, the last being caused by the fine

metallic particles, in cooling, passing through a red heat.

Duration of the yellow white portion, 0*00003 sec.

Total, 00013 "

i single Leyden jar was used, the coating being ==

u-zuuo square meter. It was found that inereasinc: the length ot the

spark, and the area of the electrical surface, each lengthened the duration

of the total discharge.

It was also found that when two jars were used, each having a coated

surface = 02006 square meter, a tube of sulphuric acid sp. gr. 1'25,

imra wide an(i 9mm | 0I) _,

oscillation remained, and with a tube 12mm long the continuous dis-

charge generally began.

By the introduction into the circuit of 1300 meters of copper wire,

Stance = that of a tube of sulphuric acid sp. gr. 1*25, l"

wide and long, the duration of the discharge was lengthened three or

four fold ; it was oscillatory in its nature, and the baud OB
glass was cross.-,: ;, v Hark -| a. es. These bands, sometimes 9 inches in

length, furnished splendid photographs where the indications of the al-
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tetnate change in the direction of

the introduction of tubes of sulphu

Feddersen found that the length

charge of electricity, had no sensil

oscillation ; with ten jars of the ab<

a tolerably short metallic circuit, he

the currents were pretty plain.

ric acid, the number of these ba

by continuing the process, the

s before.

of the spark, and the amount of

ile effect on the duration of a si.

For a 4i

Time of one osc 1. 0-00000304 sec.

For 8mm.
0-00000305 sec.

With 16 jars and <i very long circuit, he obtained,

For a 1,1mm. .park. For 9mm.
00000514!

The alteration of the area of the electric surface, (number of jars,)

t, beinrr the time of a single oscillation ; o, a constant, dependent only on

the nature of the circuit and the Leyden jars, while s is the number of

12.

H

interesting Electrical Phenomenon; by C. Piazzi Smyth, Astrono-

mer Royal for Scotland.— With reference to the notice on " Phot-arrnph-

inir Electric Lidit." ' on page 272 of the last number of The British

Journal of Photography, II

I WM m of some ne

by Mr. Nicol, bv taking a window view of hou-

:
•

:

km I u,b vud.1- •• lb- i >k I
<)<> in the *.-*,„.

.
- I - a- a •

fact, nor wa, i -glass of the

camera. The appearance, therefore, d ^d action

.- -

one (0-3 in **• was «'

tremely sharp. Again: the appearance could not be caused by smoke

then,; and eitl
ve drifted w.th the wind,

roneys, as chimney*, had

nothing to do with it, was shown by a similar brush or ray appearing at

the to? of a certain little ventilator r "-

t of the parts emitting air, but from the ore

6pike at the top.

instance convinced rae at the time that the phenomenon was

an electrical
or sens1

|>j
e

to the photog the occasion was perfect y agreeable

thereto; for it was at the conclusion of a week of unusually hot, calm

• On the action of verv weak electric light on the iodized plate, by Prof. O. K.

Rood, this Journal, Match, 1864, p. 207.
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weather, and the sky had that morning become clouded with forms of

clouds eminently electrical.

Happily the thunder storm did not break in this neighborhood, being

wafted away elsewhere ; but had it broken here, the photograph tells ex-

actly where the lightning; was preparing to come down; and there is one

tall iron chimney in the vi* w, with th. stn i gest ray of the whole above

it, showing that that would certainly have been struck in preference to

its neighbors, and, if unprovided with metal communication to the earth

and water, would infallibly have caused mischief to the house to which it

is attached.

I have sent a second plate, taken six days afterward, when east wind

and rain had disposed of all the electricity that had been brewing in the

air: and it will be seen that, although it is the same view, taken with

the same camera, and with the same sort of tannin dry plate, there are no

electrical brushes, or black rays, surmounting the chimney pots.

—

British

Journal of Photography.

II. MINEBALOGY AND GEOLOGY.

1. On Meteoric Irons ; by H. Haidinger.—Haidinger presents gocd

reasons for considering the metallic iron of Rohitzan, another found near

Kreranitz in Hungary, and another from the vicinity of Cotta in Saxony,

as probably not meteoric.

He next describes a Meteoric iron from Copiapo. Although iron pre-

dominates in it, it consists largely of stony material, and is actually a

brecciform rock—an agglomeration of fragments, about and ii

Btices of which the iron is spread as if it had been introduced in a liquid

or pasty state. The stony pieces vary in size from that of a grain of

sand to half an inch. Meteoric pyrrhotine (iroilite of Hai

mixed with the silicates in pieces sometimes a quarter of an inch in di-

ameter. There is also some graphite. Nickel constitutes 64 p. c. of the

metallic part.

From the writings of Philippi, Tschudi, and Domeyko, it appears that

there are numerous blocks of meteoric iron over the Chilian territory and

especially through the desert region of Atacama. Prof. Joy baa

one found in the Andes, 50 English miles from Copiapo. His results

differ essentially from those obtained bv Prof. G. Rose for a meteoric iron

from the Sierra of Chaco, sent by Domeyko to the Berlin Museum (Mo-

nalsb. Acad. Berlin, Jan. 15, 1864). An abstract of the memoir ot Do-

meyko on the meteoric irons of Chili ia given in the Comptes fiendus,

March 8, 1863.

The paper takes up next the Iron of Sarepta, Southern Russia. The

surface of a plate cut from this iron, examined by reflected

:
-

of Arva (Northern 11 .; }.u\ i. An v . wU afforded Iron 95'937, schrei-

bersite 1 -3 1 5 D*82O.—Les Mondes, J uly 2 8, 1 864, p.

583; from the Ber. Wien. Akad., May 12, 1864.
2. On artificial Anatase, Brookite, and Rutile ; by Mr. Hatjtefeuill*.

—The dry method of (am
;

ted by Haute-

fluorid of calcium, alone or" mixed with silica, and submitting the solu-
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tion to the action of a current of chlorhydrie acid gas. As a further

pert' ting of the method, he makes the vapor of water to re»

on tiit ; \ atmosphere.

For Anatase the fluorid of titanium is conducted along a platinum

tube to the middle of a second platinum tube in which the vapor of

water is passing. The tube is so heat«-<l that the f! i n-id and vapor of

water meet at a temperature a little below that of the volatilization of

cadmium. Octali di i m> ds ire formed, having the angles of anatase,

and a density between 3-7 and 3-9.

The titanic acid takes the form and angles of Brookite in the presence

of fluohydric acid when the temperature at which it is produced is be-

tween that required for the volatilization of cadmium and that for zinc.

prisms with octahedral terminations. G.=4 -
3.

In these reactions the fluohydric acid acts the same part as the chlor-

g adopted by H. St. Claire Deville ; it

is an ephemeral solvent ot th. tit it- I.— Le"s Mondes, July 28, p. 605.

3. Bishop > e.—The Bishopville meteorite, of

which an aiuilv-U l>\ IW. .1. Lawrence Smith is given at page 225 of

this volume, w'a- Jiuui . i
• <• _ it <1

;
' K . n - u in 1861 (Mo-

natsber. Berlin. A/cad., Sept., 1861, p. 895). He fii>t treat •] the mass

due of 90-75 p. c. ; and for the part decomposed, the comp virion <i •_> j.».

PeO-97, AdOI s loss by ignition. An
18, do ii,

fta 1-26, K 0-93= 100-95. He concludes that in each case the material is

only a mechanical mixture and not a chemical compound.

He next divided the powdered stone by elutriation into a

and a heavier (B) part, and analyzed them separately, hoping thereby to

prove a like, or different, composition for the two. His results are :

Loss (alkalies), - 180

Rammelsberg concludes that the so-called chladnite is not a tri-silicate

of magnesia, as made by Prof. C. U. Shepard in his analyses, but does not

further educe the nature of the species.

Dr. A. Kenngott, in his Uebersicht der Besultate Mineralogischer For-

562, cites the above results, and shows,

ist the heavier portion consists mostly of emtatite, the rest in-

cluding a little olivine, and, as he judges from the alumina found (2-13

p. c), a few per cent of I

:h ter portion

he also makes to consist largely of enstatite, with a little ohgoclase.

[The difference between the chemical analyses by Rammelsberg and

Smith appears to be owing to the fact that the latter, having a better

Air. Jour. Scr - 3 I L -Nov., 1864.
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separated the pure white chladni

4. Crystals of Rhombohedral and Dimetric sp

njriiil.— Breithaupt has published, in Poggendorfs Anna-leu, cxxi. ;?-6,

a notice of the quartz of hu n near '
i nnitz in Saxony) ivhich Prince

| Pogg. Ami., c\x, oo-i),

and in it claims to have first made this observation. It occurs in crys-

tals and also massive. Its hardness is but 6 to 6-4

,

2-578-2'632. He states that while the plates are |

are, as Mr. Jenzsch has shown, both left-handed and right-handed crys-

tals. This «|u utz weathers with remarkable readiness, although, accord-

ing to a chemical examination by Reich, it contains do im]

in of oxyd of iron. It occurs in four narrow veins (1 in.

to 1 ft.
••

•
; . .--. ited with a feldspar which Breithaupt proposes to de-

r the name of paradoxite,—a minei

found only in tin-vein-, ami which, even in the i

occur in the Permian red sandstone ( Rothliesende).

Breithaupt observes also that chalcophyllite, most apatite

mimetene, phenucite, dioplase, nepheline, zincite, greenockite, and other

More or less biaxial :

tem examined by him, as, for example, many of scheelite, wulfi
-

inont). mebmite, zircon, mellite, etc., as well as those of apophyllite long

since so made known by Brewster.
if . ixial along one

'
'

- -

-otropic.

[The-e variations from the norm , <\ev the Dime-

trie and Hexagonal sy>tein-, are like the variation- from the normal

whiel n , ill ph\>ica 11 1
f 1- nd thev ha\ > 1 to some extent

3 point
'

Geschichte der Mineralogie von 1650-1860 (History of M
from 1650 to 1860); by Franz yon Kobell. 704 pp. 8vo, with 50

woodcuts and 1 lithographic table. Munich, 1864: J. G. Cotta.—The

science of Mi ian among its

1!

ginal

His work is,

—a scholar in every sense of the term (as well as a poet)-

: gtst
TT:

philosophical and complete. He divides . . _
t

in its elements or first beginning; the second,

y from 1750 to 1800, when it was
toe •;:,...-• - - '

. : and the third, th iX-m .1 1 ng time, from 1800 to I860.
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chemical, i

;
and under the third,

;

the time and author of

..

6. Mineralogische Notizen ; by Frieduich Hessenberg. No. 6

12 pp. 4to, with 3 plates. From the I

of the Senck ' rt, r, 233.—Tim con-

r :;;.-•
, :: •

_' _-.. ,....- ...•.;.

cles on crystals of Hematite, Blende, Malachite, Cassiterite, Sphene,

7. Note on the volcanic peaks of Cotapaxi and Arequipa ; by J. D.

Dana.—In the sketch of the peak of Cotapaxi published by Humboldt,
the slopes, as deduced from its profile or outline, are 52° on the

50° on the left. De la Beche copied this figure in his Gen!

server, with the inclination a little more reduced, viz: to 48° and 45°.

y Camillas

: average atio-'ie on the n>ht is 27° 1.5', and the steepest

29° 30' ; while on the left, the slope is almost uniformly 30° 50'. In

aiK.Lh.-r vi-w i
-.• the following figure), from nearly the same direction, but

, the greatest slope of the right out-

.

-

n'-enm;: the copy of I >e la Bceht- .

Manual of Geology, (fig. 960, p. 681 " %u''e, he

would now refer the reader to it in order that he may appreciate the con-

Alto, as shown by a photograph pub-

its outline or profile on the right side, and 27° 45' on the left side. The

is volcanic peak ate there ore very near j

An angle of 45° in a volcanic cone (such as Humboldt gave m his

lid have been made only by ejections of cinders; «

below 34°, as are these here referred to, may be a result of ejections of

tufa, or of alternations of cinders, tufa, and lava.

8. The Dinotherium an Elephantine Marsupial—-In the department

of the Haute-Garonne in France, a pelvis of a Dinotherium has been

found. It is of immense size, being 1-8 metres (5 ft. 11 h
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from one crest to the other of the iliac bones, l*
1

-

-

in size the largest of ancient elephants. It reser

il respects, ;

the existence of a cavi:,,

cotyloid • inferior spi;

ig the many

The Dino-

and kangaroo. It must

upon the branches ami leaves of trees, which the reversed

1 enable it to bring within reach. The trenchant ridges and

els of the teeth show that the food was >,( a kind r-niiring

a-ticatinii, and therefore that above stated rather than the

tnts. The size of the Dinotherium is further evidence on this

an elephant eats 1.50 to 200 kilograms (330 to 440 lbs.) of

Th
shape like the cavity.

,m instead ot with the

,er abnormal character

These ar-:% hey.

e l.)ii„'

.",„,'. .7.-,,
enough for the young
a Marsupial, like the op

point; f„r

a they were supposed
Its tusks.'' '

'

exhausted

the hikes they were supposed by Buckland
subserving the

they \\. re especially adapted to strike with heav ! k,ws ,

mals that would be likely to attack them. The 'writer also obs< -i v- that

while the neck of the huge animal was very short, the trunk must have

been of great size, and thai the putting

Of the you n-
J

t>f its.: —
From a letter from P. J. M. Sanna Solaro, of Toulouse, in Let Morales,

of Sept. 29.

9. H. von Meyer's Palaontograph
Voricelt; edited by W. Dunker—

1

and two of which are just published.

III. BOTANY AND ZOOLOGY.

1. A new American station for Heather.—The N
of Calluna- having been confirmed (vide this Journal,
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to his ma* Ming, 'I have
n leads me to

genuine native. There is only a small patch of ir. mi; mi,, h more than
a yard across. ....... Its surroundings at St. Aim's are most appro-

the Scotch Ib_ ,i all the gen-

log to ooti riited in this

.-

of which it helps to establish. We may now fairly infer ihat the Heather
once flourished throughout our eastern borders, from Massachusetts to

t being able to compete
hero with the rival claimants of the boggy soil. a. g.

2. Icones & >>ost of those
' y - x

figured; by William S. Sullivant, LL.D., etc., etc. With 129 copper
plates. Cambridge. Mass. : Sever tt Francis. London: 'I i ubner & Co.

1864. Imp. 8vo,—We briefly announced this work in the 8

icter of the volume as to

the ran.' r hy and the plates. One lnm

. ..:.:,. -, : , . .
; - --

. . ' . .
;••.:

- are in Latin, as also the explanation of the plates; the hab-
itat and the general remarks are in English. The plates represent the

quisite analyses; for the most part there are as i.

to each plate. The drawings are i

:.'

ing Expedition. Probably upon no work of the kind has an equal

ledge, and expense been lavished. Only a small

edition has been printed, and it is published at a price (§10 in gold)

wlii, h. ',„v, ver coiisid. i ible at present, v>ih, it is understood, be very far

(torn covering the cost. A - 6 -

8. Species Filicum ; by Sir W. J. rid XVI,

completing the fourth volume, and p

tst voh 'n .— I a st • h t
f of the fourth volume and

- '
-

:

:

is the P. pachyphyllum, described in this Journal ([2], xxii, 138), and

has been recently again described, and figured, under the name of P. car-



Scientific Intelligena

ton, nor is the fact noted tliat besides P. aureum two other W. •-: In-

dian forms, P. Plumula or P. pectinatum and P. Phyllitidis have been

collected in Southern Florida.

va (which as here arranged constitutes Suborder

IX, Polypodiece) is Suborder X, Grammilidece, with eleven genera.

Jamesonia, the first of them, is reduced to the original J. imbricata of

the Andes. Not/iochlana has twenty-seven species, of which five, iV.

•lida, dealbata,'and Fendleri, occur in the region

extending fron Texas and Arizona. Monogrammt
with its section Pleurogramme includes ten species, none of them in the

United States. Diclidopt is pot into this

genus under the name of M. Junghnhnii. Gymnogramme is extended

so as to inclu genera, and not less than -

-

ferns of the conservator!-- mos, etc. G.triamfp*

laris, one of the most golden of them all, is, vt

zen of California. G. podophylla Hook., a new species, is doubtfully

- Xo. 819 from New Mexico. Brained,

not occur in the United States. Vit-

V\ .] ida. Tceniti$t J)rymoglossum, and Hemio-

i, lining
g

.I. Acrostir.hece, <

Fee has made nineteen genera, Moore seventeen, and even th

Mettenius not less than six, is here condensed i

•

One species, A. aureum, is found on the coast of Florida, and in sir

places throughout the tropical world. Aerobic/turn is divided into li

sections, corresponding pretty well with the genera of other aut

There is no group of Ferns more difficult to arrange in genera or

tious than this: and the arrangement here adopted has the great r

of being intelligible and convenient.

In an appendix is given the Cyatheaceous genus Matonia, b

omitted. The fifth volume contains the usual index of species an

in 1.x of tribes, suborders and genera to the whole work.
This great and useful work, which the venerable author comme

more than twenty years ago, is now happily concluded; but it will

pleasure to all students of"Ferns to learn by a note at the end of the

time that—far from claiming a well-earned leisure—he "is preparir

life and health be spared him to accomplish, a volume, to be enl

'Synopsis Filicc.m," with brief characters of the sections, genera,

species of Ferns (01

and references, in

whii ii h 1 be added alT needful <

ditional species (not a few) which have come into the a
during the twenty years this present work has been

og the Schizceacecc, Osmundacece, Maraih
ghssacece ; thus constituting a needful supplementary
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_'!sts, who would find it impracticable to earn-

about with them so voluminous a worl 3oeh a volume
is im ii I ]. u (1 wc sincen \ liope that he may be able to complete
this important and spirited undertaking. n. c. e.

4. On the Skeleton of the Gare-fw ; the proba-

. ]'!•!. I >Wjbn.—It is assumed that

- of animal is a matter of very

''

did become exti t <!ti ing t >e pei ods. In the class of Birds there

was good evidence of serei within the

last two centuries. Of these, Pi -f. < '«,,, instanced the Dodo (Didus in-

eptus), in the i-!and ot Manntin^; the S litaire (Peyophaps), in the

island of Rod teryx, with

if Xew /ea md : spe es of the nocturnal parrot, Xestor,

- Island: the Great Awk, or Gare-tbwl (Men im/winds), in

i Seas, and probably the gigantic Epyornis, in the island of

Madagascar. Hie A . : toward extinction in

New Zealand. It is of
|

ilia I est to zoology to s< ure evidence of

t\.' passed away. I nder that im-

pression, I f. Owen had urn >
>' ' his pa] - n tin Dodo, Dinor-

:Ul 1 ApfelV\toth T tn* '' n" r • /.

reached him—of the Alca impennis. After a minute and detailed ac-

count of the several bones, the author proceeded to compare their char-

acters with those shown in the osteology of the awks, guillemots, pen-

-
•' •'

to the penguin was merely that of adaptive relations of the wings as

fins ; and that, in every i
-

feet of deposit, in P. no. iin P m 1, orf the Co -

*

•fowl can be regarded as "an accomplished fact."—

Proc. Zool. Soc, in the Athenaeum, July 9.

5. Synopsis of the Bom I States; by A. S. Pack-

ard, Jr.—Part L From the Proceedings of the Entomology

1864. pp. from 97 to 130.—This paper is a

- "synonymical list" of the Bombycidte with ex-

I notes The pa-
aml ArcHadae.

Review of American Birds, etc.; by Prof. Spencer F. Baird.-

i 4, 5, 6, containing pages 49 to 96 of this important work, an-

I ns. These finish the Turdtd*, and

ip, in order, the Cinclida>, Saxicolidte, Sylviidce, Partdce, Certht-

nd Troylodytidce.
'

scribed at page 18o of this

e, bv Dr. Prescott. is the ' Middendorf.
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planet, on the 3d of Mai
10th-l 1th magnitude. Its position May" 3d, 13 h 44m 11 s Madras meau
time, was, « =s 16h 12™ 3*-41 ; d= 16° 41' 10"-8. He has given to it

the name Sappho.

2. Comet II, 1864. A very faint telescopic comet was discovered in

Coma Berenices, on the 23d of July, by Donati at Florence. It had a

jst in the sun's light.

Mr. Krttg • following elements, computed from
the observations of July 28th, July 31st, and Aug. 2d.

Perihelion passage 1864, Oct. 11-088, mean Berlin time.
n =S 159° 0' 26"

3. Tempefs Comet—-This comet was observed at Charleston, S. C, on
the 5th of August, by Acting Master Tillinghast, of the U.S. iron dad

ra9 very brilliant, and a tail, upward
of 30° in length, was visible to the naked eye. On the ever

ime comet—was observed by H. P.

the same vessel, near p" Virgin N; a-, -., „ v.it!i a t<
!«-'- «|-Mt

:i very taint tail. On the two following even-

ings it was also visible; it had moved rapidK to the eastward and

Iron-clad Catskil!, off Charleston, S. C.
4. Shooting stars on the night of Aug. 9-lOtk, 1864.—At several

places arrangements were made to watch for the annual return of the

vors. But throughout New Engl m i and th -
"

the air was e» Bight f the 9th, but a few of the fixed

At New Haven the sky was almost covered until half past eleven,

when the clouds became so thin that I e. This star

could be seen during the next three hours, and for a part of the time
stars of the fourth magnitude might be seen in the zenith. Mr. C. G.
Rockwood assisted me. Together we saw 44 meteors during these three

hours, after which the clouds became too thick for us to observe.
At Belvidere, N. J., Rev. H. S. Osborn and Mr. G. H. Coursen saw be-

tween 10»> 20m and one o'clock, 29 flights. There was the same smoky
sky as in New Haven.
At Philadelphia, Mr. B. V. Marsh and Mr. R. M. Gummere saw through

the haze 13, between 10»> 40™ and 12'\ of which 12 were conformable.
In Chicago, Mr. F. Bradley had much better success. He with Mr.

Wm. Dickinson and Mr. Theodore M. > :

..i.-,i, «:»i«-i..-i from half past

b, until half past three, Aug. 10th. They were at ::

by a fourth person. The night was very favorable, except that there was
a cloud in the N.W. for a short time. The following is the result of their



North,

East, -

South,

West, -

13

9

12

33
33

30

60

31

54

Soon after midnight one observer ceased
numbers were seen during the next two and
three, making in all 1026 shooting stars.

139

to watch.

a half hou

152

The
« by -

North and West,
• East and South,

South and West,

92

93 130
13

59

The small number seen by one observer during the last half hour was
probably due .piness. There seemed to be a large
number of unusually fine portion than
usual. Only a small proportion of th .unable.
On the night of the 6th, during an hour and a half, ending near mid-

lll*gbt, Mr, Unidh-y .-..mited thirty, between one-half and two-thirds of

At Lawrence, in Kansas, Mr. Wm. H. R. Lykins counted between the
setting of the moon (about half past teu) and one o'clock, over 300 me-

Mr. George Scarborough, in a letter from Riverside, Kansas, to the
Atchison Free Press, states that on the same night from 10& to 10£h

, he
counted sixteen meteors ;

from 10|-h to 1 l h , seventeen ; the next half hour,
from I2 h to 12£ (sic), twenty-five were noted. Al
very well, he retired, but arose at three o'clock, and during one hour
counted fifty. The nights of the 10th and 11th weie unfavorable, but
between 3h and 4h a. m., Aug. 13th, he counted but six meteors, though

raa clear.

Mr. H. P. Tuttle, on board the Catskiil off Charleston, reports that he
sat up to wat. h fr... a 9 1

' p. m. to 4h a. m., and saw only seventeen i
':) dur-

ing that time. The sky was remarkably clear. h. a. n.

4. Report on Luminous Meteors ; by Mr. J. Glaisher.—The Report
contained num fireballs, or the largest class of me-
teors, contributed for the Catalogue presented. The largest fireball de-

scribed was seen on the 5th of December, 1863, which produced the

ession of lightning over the whole of the British Isles. Fire-

balls described in Paris are greatly underrated, for meteors of the largest

1- are there rated as only six times brighter than Venus. Two small

e seen in a short space of time on the 21st of January, and
two of the largest size on the 4th of July, 1864. Two fireballs closely

observation of a large meteor at Athens by Dr. Schmidt, on
the 19th of October, 1863 ; one in England, and the second on the coast

of Spain. 1

.

.; iual dates is now well known, and
receives the attention of the Committee. Like the fireball of 1783, the

Aji. Jock. Scr.—Second Seeies, Vol. XXXVIII, No. 114.—Nov., 1864.
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meteor was composed of large and smaller globes, recalling the showers

of stones at i. The mechanical theory of the beat,

roughly estimated from the light of twenty shooting stars, doubly ob-

served in August, 1863, proved the average weight of these to have been

little more than two ounces. A similar estimate of the largest fireball of

the present ( sh very nearly a hundred weight of ma-

terial substance. Dr. Haidinger supposes that non-productive fireballs

and shooting stars are loosely compacted in their substance, and thus

accounts for their want of penetrating power. Prof. Newton and Mr.

seventy miles miles above the surface of the earth.
1

'"'
ttt any other altitude, and they are considerably more betwe* -

eighty miles above the earth than in all other elevations put together.

from forty to eighty miles above the earth is the " stable at-

mosphere" of Mr. Qiietelet, as determined by the heights of shooting

stars. It cannot, on the received law of decrease of density, comprise

more than TTyiffWth part by weight of the total shell of the atmosphere ;

yet the 9999 parts of the remaining atmosphere are very seldom mo-

lested by their presence. It appears necessary on this account to re-

trench very greatly the weights of unproductive fireballs and shooting

triples in the present Catalogue of smi

'..
:

• .•:; ..': ':-.••.
Unknown at ors a consid-

* light a "
"

j refer

The average heights and'velocit

Height at first appearance, 103 miles; at disappearance, 68 m
of path, 79 miles; velocity, 49 miles per second. Frequent observations

of the radiant points of shooting-stars are recorded in the present Cata-

logue. These have been observed on the 10th of August, the 30th of

November, and the 6th of December, 1863, the 2d of January, the 10th

and the 20th of April, and the 10th of August, 1864, by n

meteors to twelve perspective charts representing •

of the horizon in the latitude of Greenwich. The longest paths on these

maps can be traced correctly with an ordinary rule ; and by their pro-

longation the intersection of their lines determines the radiant point in

showers, such as those of the 10th of August, 1863, and the 2d of Jan-

uary and the 10th of April, 1864. Even solitary observations thus re-

corded, slowly accumulating from year to year, appeal more correctly to

the eye by this means than a meteoi thont the aid

of maps; while the radiant points observed in the past year, it was be-

lieved, would have escaped attention had not maps been -

vided in advance. The observations of meteors on the 9th and 10th of

August, 1864, indicate a display, ranking very nearly with the general

average of the phenomena, which, in the clear sky and absence of the

moon, amounts to between thirty and forty per hour for a single observer
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isplMV^f

e 9th of

indication of periodicity can yet be traced in the fluctuations

1862. In the Appendices t<> tht

phenomenon, it

logue, notices of aerolitic fa

tL'ecp'Sc-^ith'
bit is almo . le, and inclined 17° to

a precession of Ii2"-60 from a fixed equinox nearly

•

trth is 20-1

The veloc ity of - roue;h the air is 38-7

>rty miles per s.jeond. The question of the radiant

stars has chiefly

. It that a radiant point,

ight lines seen in perspc

leteors of the 10th of April until the

com piling of the present Repc this date has long since been no-

for more than thirty years that periodical

meteors take thei definite vanishing-points among the

stars. The numbe r of such radianli points which remain yet to be dis-

covered appears to be strictly

theless, Mr. Greg 1las been re'
•

- -

eating, at present,

to the great majority of sho

The long-continued observati

oting rved throughout the year.

Prof. Heis, of Miinster, corroborate

thVare now receiving extent

i' "s'ehmidtfo

use of maps specif 1 : r the purpose, is" very neai

> pernicious than profitable to the n

lenre that a grant of £40

'-

G On the possible Cot

'

(
' »"*•

and ihe

its Surface; by Prof Henxe-y.-,

"•:

io ers at a i .
inical theory

|y in a fluid istate. In ac-

statical laws. .-i planet similar to Mars. and rotatory
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nence, Bessel and J

sion. The observations made by the former were fully discussed by
Mr. Oudeiuanns in the .1 <. Xo. 838, p. 352. After

: the results of different observed diameters with various angles

of position, by the method of least squares, Ouderaanns came to the con-

e oU r\ iti m- £i\e varied ai d uncertain values for the di-

ameters; and therefore that it was permissible to regard the planet as

ii. Johnson, in the Radcliffe Observations for 1850

meter, and arrived at substantially the same result. Although the late

Mr. A rago referred to some of the author's vi.-ws regarding terrestiial

- probably affording explanation for the anomaly of the large

_tned to Mars, in Lis posrhtmiou- publication on

the structure of the planet, the author had heard the -nine eminent per-

100 express . wing from the observa-

tions of Bessel and Johnson. At the same time, the - n p itie -:i >n which

the author endeavored to introduce into the theory < f the Earth's ri.nuv,

will not, if applied to that of Mars, suffice to account for the usually re-

ceived high ellipticityof that body. Abstaining, for the present, from

... ,-
•

It seems to he generally admitted that there is. m the neighborhood of

a mass of terrestrial snow. I'his ver\ substance is even supposed, with

v .

'.-

tion of mi, h an .\t.Hiidj l-n-lit obje».\ h t- \U. :i" ;. ;. -st that if this

substance should be snow, the varying seasons of the planet would cause

- us to vary, and thus the power of the di>tuil i g infi ce.

i : , - ......,. •

_

any results which are liable to be atb i Lis snowy
patch, and they also necessarily imply the existence of a fluid like water

in that part, f the suitn-.- „t'M ;( |. ,. e is above the

.nd. If this should be so, the ueneraily as-unied

• of Mars should be followed by another result. Several

i roseoua theory of the

,
put i ward bj I a acquired

some importance by being reproduced bv Sir John Ilerschel, in support

obtained mathematical expressions for the equilibrium "of a fluid like

would eon*

-. It also immediately

if the Earth had a very for example,
as that so frequenl y -

.

. place, and
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the dry land would form an equatorial belt, while the poles would be

tli- n-MuiK 1 h''m ih-iu ,.;• >,!,,,., (
.

( , n ],j i„, H j„
( , a^i^,,,.,!, ;ill \

compared to its polai

V. MISCELLANEOUS .LIGENCE.

1. Discovery of Lake-habitations in Bavaria; by Prof. Desor.—The
following accoui t of the discovt-rv of ancient I do ! ahitations in Bavaria,

is from the Jo e 9th and July 6th. Prof. Desor

the date of June 14th :

'

plore the lakes of Bavaria. In >; ite 'f the :"i lit ss efforts made in many
of these lakes, I could not believe that the lam-trine population had
been arrested at Lake Constance, and that the lakes of tlie Bavarian

|
bin, although - > adt i j

nknown to

to accept an invitation from my fiiend Prof. Liebig. to vi-it that region.

The morninfr after oar i . 1 th- advantages of

different lakes in the neighborhood of M u .1 -• ed Benz, our

fisherman, to lake Wurm or Starnberg, to n ike a ;• miliary examin-

ation. I joined him the next day. with Pr< f v. Siehold. th< celebrated

zoologist. Prof. Liebig was, to his great regret, unable to accom-

pany us. We began our explorations on the right bank of the lake;

cached a little island situated on the left bank, in face c

ner palace of Kit *sa of erecl"

e a place where we might reasonably expect t

bose ancient structures, if any had ever existed *

act we had not made the tour of the island befor

eads of piles; the first were not very distinct,
j

r, were so distinct that we could count through

t this place is to°be attributed to the action of ice

elighted at the sight of these foundations, c .unti
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years; for e\. 'nice, we had

come upon the age of stone, What i> iuo<t ren irkable is that these

A\ are almost a foot in diameter, fi -'picntly w :
:

at the top, have the appearance of being continued in a line into the

stly as we had observed the year before at Isoletta, on Lake

Varese; so that it is very probable that the island of Starnberg, which

bears the name of Isle of

which are cultivated there, is (like that of Lake Varese, and that of the

little Lake of Inkwyl) an artificial island.

be found if we would demonstrate that there existed here, as in Swit.o-r-

land, constructions made and inhabited by men, not by beavers. Benz

was not long in discover;: fhese it imh 1. ..-

Switzerland, vases of a black color, imperfectly burned, fashioned with

the hand, but yet rudely ornamented near the edge, sometimes with l

groove, some-times with mj. regions made !>\ th fi -vi-s. or with a ring

nana made by both the fore finger and thumb applied to the

Prof, von Siebold, our zoologist, looked earnestly for bones among the

piles; and in less than two hours, we had found' remains of the horse,

the stag, the ox, the wild boar, and the wolf. That which was not least

was that the greater part of the bones, especially of the long

bones, had been broken, another proof that they had been a<

by the lake-dwellers, who, as we know, were in the habit of breaking the

You
,
after an expedition so ,., ,-j;1 (n-r we

return to Muni discover

It is th< the day; Bavaria has its lake-

that th< een given, all will press vork. Prof, von

the Jak<,ofChiem. Or-

given to dras: around 1 1 of Roses, and I

do not doubt that, below the superficial lay id, hatchets and

lakes, for I am convinced that thev too are not wanting in piles.'

[The editor of the Journal de Geneve of July 6th, adds the following

account of later explorations.]

"We com; received from Professor 1

we have already published on the din

Bavaria. The commission u;.point..d bv <.i.>

includes, among its most active members, 1'rofs. v. Siebold and .Monte

Wagner, has results. Already the number

ike Amraer, and v . At lake Chiem,

s well as at lakes Schlier and Seeon, the lacustrine vestiges are found

oncentrated around the islands; and what is most remarkable, the island

i lake Seeon appears to be artificial, like 1

A so strange &
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The greater part of these points have not yet been explored in detail,

and consequently up to th ! only the more common
and abundant objects, particularly bones broken to extract the marrow,

and fragments of pottery. From tbei they would be

referred to the age of stone; but, befoi I is import*

ant to wait the result of more careful in\ • i^atioi - Ah tdy, .«ii tin

;W of the islam! of Roses have furnished some
objects in broi similar to

those of the Swiss lakes.
" As that island contains also Roman remains,

and others belonging to the early centuries of the Christian era, it affords

an example of a" continuous occupation, such as has been observed iu

many of the Swiss laic s, org, on Lake Bienne, near

Nidau. It is evident that some of these points have never been without

inhabitants since the age of stone.

A considerable number of ancient relics were found about a quarter of

a century since, at the laying of the foundations of the little chateau on

re carried to Munich, where they

figured for a long time in the collection i

T an
,

i 'i - I iter, by order

of the king, they were transferred to the chateau on the Isle of Roses,

where Prof. Desor with some difficulty obtained permission to examine

them. Thev were i lul ••
i together in a glass case, in the king's

cabinet. The Roman and French obj

fragments of lake pottery are designated as objects of great antiquity,

anterior to the invention of wheel pottery, aud consequently before the

Romans.
Since the discovery by Prof. Desor of a lake station on the Island of

Roses, it has been noticed that the rampart which surrounds the island

and which has been constructed of materials taken from the beach of the

tides many fragments of the same lacustrine pottery, which

have passed unheeded till now—another proof that in order to see, one

must look with experienced eyes. Now that the way has been opened,

we do not doubt that the lakes of Bavaria will prove as rich a mine as

those of Switzerland."

Lake-habitations have been since found at Olmutz, in Austria, of the

! at the southern end of Lake Garda there are

others abounding in curious bronzes.

-

—At the meeting of the Academy of Sciences of France on the 27th of

June last, Mr. Fremy presented the following note on Spontaneous Gen-

*"' M%ame having been often cited in connection with the subject of

spontaneous g
my duty to give a precise statement

of opinions m -ented, on this important question, in

my lectures, and in my works treating of fermentation.

I need hardly say here that I repel without hesitation the idea of

spontaneous generation, if it be applied to the production of an organized

being, even the most simple, from elements not possessed of the vital force.

q thesis enables us, beyond doubt, to reproduce a large number

of proximate and animal origin; but organiza-
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i

'
'

urea, there exist other

tion. They contain all the elements of the organs of organized beings;
we find in them carbon, hydrogen, oxvgen, nitrogen, even phosphorus

kalies". These substances are albumen,
seine, the vitelline substances, etc. It is not possible, as I think,

to regard them as organic proximate principles ; I designate them by the
general name of semi-organized bodies.

They are in something of the same state in relation to organization,
the formation of tissues, the production of ferments and putrefaction, as

a dry seed which continues on for years without presenting the phe-
nomena of vegetation, and which gen itted to the in-

fluences of the and heat.
These semi- %\] the elements of the or-

gane, can, like a dry seed, remain foi tate of organic

: but they may also pass out of this state and afford, at the

expense of their own substance, all the elements of organization when
the, circumstances bee. me favorable for organic development.

I will not undertake to state at this na which may
cause the semi-organized bodies te> participate in the actual phenomena

'

; Unenti n onI\ the one which, iu my view, is the most
important: that I organiqne).

It is well known in chembl v \ i what, rea -s a -nb-tai e unuer-

(peut en entrains- an uatrc). It i- th-i> in nitiiri iti n; diuvieiit phe-

'•

• es, and even that of azote, as (Jhevreui has re-

cently demonstrated.

involved in th

fluence they may be; the)

can then organize themselves and decompose thet
-

-

It is thu> that 1 understand the part played by album
in the pbeaomen t and decorapo

and as only

»ve, they may tak

direct^ agency, and I admit that, under the influences v

accepted, the
j

ke, incontestibly, in the f

the other, the constitute

albuminou* media in which
ntation, moulds and infusoria a

:ontent myself at this time with an announcement of these first

pies. In another communication I will take up the question

i organized bodies can present the phenomena of

" organic beings.

—

Vln-
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3. Charcoal having the solidity and texture of mineral coal formed
-.—We have received from Mr. Robert Safely, of Cohoes,

N. Y., an account of the conversion of a portion of the wooden step of
water-wheel into a very compact coal resembling closely in

texture and appearance ordinary mineral coal, along with a specimen of
the coal. The step was of oak, and about 10 inches through ; and when
taken out, the whole surface was covered with a layer of coal. The
charring was a consequence of the water pipe which lubricated it becom-

- rates further that the fall of water

exactly 25 feet; and as the diameter of the wheel is 5 feet 1 inches', the
pressure on the wheel would be measured by a column 5 ft. 1 in. in di-
ameter and 25 ft. high, less what is due to the water striking the bucket
at a small angle to the plane of the wheel. The gearing, wheel, shaft,

etc. weigh about 3 tons, which would give for the pressure upon the step,

if the whole weight of the water was reckoned, about 20 tons.

The facts exemplify the formation of coal under pressure, combined

a the same eye differ widely.

h eyes, in the case of both persons examined, the angle for

the outer lira - t angle, so that a ray of

light making an obtuse angle with the axis of the eve can nevertheless

pass by the pupil, traverse the crystalline and vitreous humor, and pro-

That the angular limits of vision are not the same in different persons;

this difference for the superior limit of visibility amounts to 10° at least,

but is almost nothing for the inferior limit; for the outer limit it may be

Adding the angle for the external limit of vision of the left eye to that

for the extern 8 about 200° for the total breadth of

the field for the two eyes.

—

Les Mondes, Aug. 18, 1864, p. 733.

5. Petrifaction of Animal Substances.—About twenty-five years ago

the scientific world was surprised by an announcement of the fact that

a Venetian, named Girolama Segato, had discovered a means of reducing

dead bodies to a state of hardness closely approaching to that of stone,

An. Joub. Sci.-Second Sebies, Vol. XXXYIII, No. 114—Nov., 1S64.
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except at the joints, where he had succeeded in maintaining a certain

degree of pliancy. The results obtained by Mr. Segato in thi

were altogether wonderful, and many strangers used to visit his collection

at Florence, where he had settled. Nevertheless he was not encouraged,

first, on account of his political principles, and, secondly, because the

! powerful, got up a cry of impiety

Sis secret found no
|

in consequence

Murtl of Africa. A short time after his death, the late Abbe Francesco

n of Natural History at Sienna, ob-

tained certain results which led to very strong h

might be re-discovered. Mr. Baldacconi's process consisted in steeping

corrosive m ie, a mixture which by the earlier

chemists was called sal alembroth ; and in 1844 a liver thus prepared

was sent over by him to the Academy of Sciences here. This specimen

i he consistency of steafite, or of serpentine, and was per-

i rdioian dj*

m-a.i-t, Prd 'a Beeret Hia proeeaa

a sin:;!! t d.h . ntin \ con posed . -, viz: brain,

blood and gall, an.' b» _ ice and consistency of brec-

cia. His
j

ie. they piVselVe their !•

:. .

!
'. .-. i

6. Manna-lichen of Pallas.—A recent fall of the Man

made knuun bx Di. ILudino,.,. , t Vienna. |
7V,. U,,,,!,,, Aug. 6). It fell

at Charput, northwest of Diarbekir, in Asia Minor, dnrini: a~gust of rain,

and a portion was sent to Vienna on the 6th of
l Men. the Austrian Internuncio at I its long since

observed this manna in the steppes of the Kirgbia
-

miah, to the southwest of the Caspian, in 1829. It is common also in

ground to tlour and made
into bread. Mr. J. Hogg suggests, in The Reader of Aug. 13, that the

wind probably takes up n

from the southeast or northeast, which, falling with the rain, quickly

Mr. Hogg refers to an article of his on this manna and the manna of

in vol. iii, pp. 183-236, of the Transactions of the Royal

.8 emann, n tb< same Journal, observes that

the manna of the Scriptures has been tetter reason,

e called manna which exudes from the Tamarix '

Mannifera, after its bark has been punctured by an insect (the Coccus

> of Ehrenberg); and he observes that a recent communica-
tion for the Journal of Botany, from Dr. Landerer, of Athens, supplies

additional evidence in favor of this opinion. He argues that the wind
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and rain required to mppl rdly have been a daily oc-

7. On an £»; by Abbe C. Cheva-
lier.—Doctor Leveille, a physician at Grand lYes.>igny (Department of

Indre-et Lone in I i tn< . i li - n - nt
;

dis. >v, red n. t li it vill ^ u| on

the lands of Claisiere and of the Doucetterie, an ancient m
place of flint implements, exceeding- in importance ami interest any thing

of the kind before known. Vast o < oris stones,

m it. Cut stones (noyaux taillS*) of

tiotis t'i i V ,i kai i- verns, wliieh have ex ited so much
attention, are i

'<- accumulations at tin- u-ik-h-p

-. ( >i,|v';i few p..]ished objects have been met with. Dr.

wr, a hatchet' p..!i>h.-r. It is a block of saiul-

-
.

friction, after tbev bad beer, rudely shaped by hammering. It

tainly one of th :! » privet""

of industry.

—

Acad, des Sci. Paris, from Les Mondcs, Aug. 25,

8. Discovery of Fossil Stone Implements in India.— At a recenl

a small collection of st<

covered by Messrs. Kb,g and Foote, of the Ciewlogic'al Survey of India,

near Madras. These «•ere all of the- ruder for

acterizing the flint im
t

within the last few j
y were all form

, these implements bi

formed a very good sul >stitute for the flints ol pe. This was

«y£° TruT celts,

D

of a

much higher finish, ar

Scotland and Ireland, I

id in every respect id>

India, but never actuallv imbedded in any <

reverence and worship to the people, who cot

to the source from whi<
I been found

by Mr. W. Theobald, Jr., in examining the deposits of it

plains near the Soane r

exception, he was not aware of in.;

nients of any kind ha

in India. Those now c

iving previously been

in the table had been

from a ferruginous lateritic gravel-bed, which

verv laro-e area west o( Madras. In places, t

-

his w-v* at least fifteen feet

below the surface, cut ithrough by streams, and in one such place, iroin

which some of the specimens on the table weire procured, there stood an
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old ruined pagoda on the surface, evidencing that, at least at the time of

its construction, tliat surface was a permanent one. This bed of gravel

was in many places exposed on the surface, and had been p
nuded ; and i -o implements bad been

washed out of the bed, and lay strewed on the surface, that they were

found most plentifully.

Mr. Oldham remarked on the great interest attaching to such a dis-

covery, and on the probable age of the deposit in which they occurred.

Another point of interest connected with the history of such implements

was the remarkable fact that while, scattered in abundance over the dis-

rated, were noble remains of what wou

be called Drui ea of large standing stone-.

Hen of large size and well preserved, all of which were tradi-

i to the Karumbers, a race of which there yet existed

traces in the hills, still all the weapons and implements of every kind

tnrea were hatariably of iron. X i

whatever regarding these stone implements could be obtained from the

peasantry, wh . let 1 been -pi te 1U tware of their existence.—Jour, of the

mfy of Bengal, No. I (1864); from Ann. Mag. Nut. Hist.,

[8], xiv, 155.
'-'-»-

~i the Origin of Prairies (p.

[n my article on Prairie, the belief is expressed

that t ie >ss
i ,u .,, 1m i

,.'-.
i r

•

obstacle to its reception. It seems e

to testimony and facts collected by M
and Nature,1 ''

p. 285, et seq. This work has but just fallen into my
hands. Mr. ft y of B«*di

"seems almost imperishable while they remain in

;
-

;

•

-

ferent nature, has promptly assumed its place, originating, evidently,

from seeds preexisting for ages in the soil. He s

from wells or other excavations soon produces a harvest of r

very unlike those of the local flora." He expresses the i

|

earth ejected from considerable depths by a cei t

sion, to which reference is made and which soon became «
vegetation " never obsen
with it the seeds from which the novel vegetation sprang, nndi

fluence of the air and sun, from depths where a previous convulsion had

buried them ages before." In the same connexion may be quoted a state-

ment by Darwin (Origin of Species, Am. ed., p. 69), to the et:

the midst of a very large and very -

hundreds of acres were •
- r twenty -five

years, not less than tw« _ grasses and

sedetes) had made their appearance in the plantation of B

could not be found in the heath"—and this, though the fir forest seems

to have been visited only by insectivorous birds.
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Mr. Marsh quotes from Dwight's Travels his account of the appear-
ance of a fine growth of hickory [Carya glabra Torr.] on lands in Ver-
mont which had heen permitted to lie waste, when no such trees were
known in the n : also, Dr.

account of the appearance of a field of white pines, on sus-

pension of cultivation, in the midst of a region where the native growth
Jospermous trees. ''The fact that these white

pines covered the field exactly, so as to preserve both its extent and figure,"

says Dr. Dwight, " and that there were none in the neighborhood, are

that cultivation brought up the seeds of a former forest

limits of vegetation, and gave them an opportunity to germ-

The existence of a succession of forests of different prevailing species

has been satisfactorily established in Denmark by the researches of Steen-
strup on the Skovmose, or Forest-bogs, of that country (Mem. Acad. Sci.

, ix, 1842). These bogs are from twenty to thirty feet in

depth, at 1 the rem i s f forest ti es in -i e-siv, "layers, prove that

there have been three distinct periods of arborescent vegetation in Den-
mark— first, a period of the pine (Pinus sylvestris)—secondly, a period

of the oak (Quercus robur sessifiora)—lastly, a period of the beech
(Fa;pis •,,,',' r), imt yet i rived at !!> < dm t it . n. The dominant
species of each period flourished to the entire exclusion of the other two

in Report, 1860, p. 305, et seg.) Caesar affirms

u$ and Ahiet were, in g and, but the

beech (Fagus) a now
|

> 7.

a great store of firre" is found lying "at their whole

where not even bushes grew in his time. (See further, Marsh's Man and
Xutnyp, p. 222.) No doubt such extinct forests have 9a

America, eve; Mocked the accumulating

Mils with
• ting some future resur-

rection ; and no doubr t
-• »nder suit-

able ctrew - from their granaries of forest fruit,

:i had flourished and disappeared before the

Ann Arbor, Mich., Oct. 15, 1864.

1 0. A jet a"eau made by means of the heat which air, when confined

under glass, derives from the solar rays.—It is well known ti;

confined under -!a-. if ir reivivc the direct rays of the sun. will be-

come much -emperature of the rays, o

action of the g! i^ n a
1 -"

i i ?g these rays and conveying the absorbed

heat to the shot, of Alencon, has made the follow-

, quired. He takes a bi

n hole to the rays of the sun. Two curved tubes

b pass under the black bell, one of them to sup-

latter terminating outside in an ordinary jet d'eau orifice. Being now
exposed to the solar rays—whose heat is transformed into non-luminous
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heat in its passage through the walls of the bells, an effect that goes

accumulating without elation—the air situated above the water clilat

trials a height of nearly 33 fet't. When the water is exhausted, a sere

placed before the sun will cool the interior and cause the water to retui

or a new supply may be introduced through the supply-pipe. Ma
times the shade thrown over the apparatus by spectators caused it

stop, much to their surprise.— Les Mondes, Sept. 22.

11. Method of destroying the larves of Weevils.—Mr. Marsaux has us

naphthaline with success for irves which for sor

years have destroyed the plants in the nursery of Versailles. The poiso

ing of a hectar (about -lh a,-ie>) has required 250 kilograms of napth

line, costing 250 francs (it brine- introduced to a depth of nearly '.

inches). But on waiting until the time when the larves have reach

the supetfieial layer of tie- - rd was much less, ai

the cost but 80 to 125 francs the hectar. The naphthaline, as it is

'"
* i», Sept.

12. British Association.—The British Association met at Bath
WediK-hy, the I4'h «( ^[.t-mher. In the account- of the meeting

which have reached us from England, the only American name men-

tioned among those of '•<.!.- is **Commodore

M

woof

address in the theater of Bath. Besides the usual scientific meeting,

there were excursions: a coiwerxa-

zione in the '- A-eiui
;
R discourse in the the-

ater, Friday evening, by Professor Roscoe; another by Dr. i.

Monday ; .
. Tuesday. The' session closed on

W< iiesdny. The receipts for the past year" amounted to £4505, and

b md of nearly £S0&

. -

.

The A-o, ition h is, aUo, funds in ( ..n-,N to the amount of £8500.

A<wo.- :

iti..n, «.<wt, in 1834, t'20; v. the large sum

of £2037 has just been voted.

The Report for the meeting in 1863 has been issued, making a volume

of more than a thousand pages.

The British Association will meet next year at Birmingham, when Sir

Charles Lyell will surrender bis pree -. of Oxford.

13. Report to the British Association, at Bath, on a uniform system of

weights and >m n u;s —Ti e < ,m n ttee < t th !'•< t
-"> A-< « i iti«»n ie-

systera of France, and the report

was unanimously ad -j te i. y« t u idi - a i- 1 s, ussion as to whether the

unit should be the French meter or not. This committee consisted of

Lord Wrottesley, Mr. Adderley, Sir W. Armstrong, the Astronomer

-aniuel Brown, Mr! W. E\ irt, M.P. (who was chairman of

the committee in the House of Commons, and who conducted the meas-

ure with reference to the metric system through Parliament), th
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the Mint, Sir John Hay, Prof. Hennessey, Mr. James Heywood, Dr. Lee,

l'mf, I.m. lV.f..^..r Miller, Prof. Rankine, Rev. Dr. Robinson, Colonel

U.P., Professor Williamson, Mr. Piirdy, and Mr.

iterest, to give the metric equi alents to English weight

(5.) That in < ting weight

ented to foreign countries which ha\o adopted the

Jnts in the metric system be given for the ordinary English expressions

(6 ) "That it bei -iiorsof scientific <

ions, in all cases where the expense or labor involved w-1,1

oar, t„ ,rjve the metric equivalents of the weights and

(8.) That treatises explaining the

,ies of weights and

'and

-

(9.) That

dr.',. led both accordin

sis constructed for scientific

Centigrade and Fahrenheit

Analysis of a Hot Spring c

Wheal Clifford ; by Dr. W. A. Mn
Lithium and (

'.R.S.—This hot

-

e stated to be 800 lbs. in ti

fbuT hours^' The existence of <a~u.ni in quantity somewhat coi

able for an element hitherto so rare adds to the mt«l

water will be n _

supply of lithium. The ten !
15" \:

230 fathom lev
gallons per minute; specju

ity at 60° F. 1007. 646-1 grains of fixed salts per imperial gall

obtained on evaporation. These consist of
Grajnj

Chlorid of potassium with a little chlorid of cesium, 14'8

Chlorid of lithium, --"""" 3636
Chlorid of sodium,

«-«-**
gg

Chlorid of magnesium, -

2l6>1
Chlorid ot calcium, -

_ u ,2
Sulphate of calcium, - - - - " _ tmi
Oxyds of iron, manganese ana aluminum,
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In 1 imp. gallon the gases amounted to - - 8'91

Consisting of

—

Carbonic acid, 1-89

Oxygen, - - 1-72

Nitrogen, 5'30

Ratio of oxygen to nitrogen gas, - - - 1:3
Proc. Brit. Assoc., from The Reader, Oct, 8.

15. On the Temperature of the Sexes ; by Dr. Davy.—The theory of

that a man possessed more warmth than a woman, bad been

disputed ; and it had been held by some, as the result of modern re-

search, that the temperature of women was slightly superior to that of

men. The author considered the early opinion the more con-.

the average, the temperature of males and females was as 10'58 to 10-13.

The result of some elaborate experiments recently instituted was that the

temperature in the case of the men rai 00J-,
that of

the women was between 97f and 98. An examination of

gave still a somewhat higher temperature It the male than the female,

six fowls showing the proportion of 108-33 for the former to 107*79 for

the latter.

—

Proc. Brit. Assoc, from The Reader, Oct. 8.

16. On Crude Paraffin Oil; by Dr. B. H. Paul.—The author re-

m leitl t y little attention had hitherto been paid to that portion

of crude paraffin oil which was heavier than water, and its existence had
been denied.

(

He found, however, that the oil obtained from coal, or any

•illation at a moderate heat not exceeding low red-

- heavier than water, and that these oils are pre-

cisely the same as the oils heavier than water, whi -h are contained in the

ordinary coal-tar of gas-works, consist flj of carbonic

acid and a thick pitchy substance. It the product

obtained by d3 ties of bituminous coal at a low beat

icter, according to the kind of coal it

is obtained fr rence is mainly due to the relative

- of oil lighter than water and of oil heavier than water. In

the case of the oil obtained from the kind of coal commonly used as fuel,

the proportion of heavy oil is so large that the product closely resewbtel

the coal-tar of gas works in all its ou ugh the oils

crude paraffin oil, as it is usually manufactured from particular kinds of

ds, which are exceptional i

Z the light (they yield by distillatic

larger proportions than the heavy oils.

—

Proc. Brit. Assoc, from The
Reader, Oct. 8.

17. German Association.—The twenty-ninth meeting of the German
Association, held this year at Giessen, was brought to a conclusion on the

23d ult., after

being present. Spontaneous gen<

, Oct. 8.

-cries were among the matters discussed at some length.—



17. White Fish of the Great Lakes of N. America.—& writer in the
Athenceum urges the introduction of the "celebrated White Fish of the
Canadian Lakes" into the u lakes of Cumberland and Scotland, now al-

most valueless."

Francis Alger.—Francis Alger \

setts, March 8, 1807, and died suddenly at Washington, of typhoid pneu-
monia, Nov. 27, 1863. His taste for Mineralogj and other branches of

science was first awakened in 1824. In 1826, he went to Nova Scotia

with his father, to erect a furnace, and collected the minerals of Digby
Neck and of the trap rocks of Granville, a catalogue of which he pub-
lished in the Boston Journal of Philosophy and the Arts, and also in this

ii, 227). In the following year he undertook an exploration of

the mineral region of the peninsula of Nova Scotia, along with Dr. C. T.

Jackson ; and their results were jointly published in volumes xiv and xv
of this Journal (1828 and 1829). Again, in 1829, another exploration

was made with Dr. Jackson, and an extended paper on the subject pub-

qf the Academy of Arts and Sciences. Soon after

the publication of this paper, he was elected a member of the Academy ;

and in 1849, he received the honorary degree of A.M. from Harvard
College.

Mr. Alger was one of the original members of the Boston Society of

Natural History, and for many years Curator of Mineralogy. His min-

eralogical explorations and collection- tfterward were

numerous and important, as shown both by his rich cabinet and his oc-

casional publications. At the Beryl locality of Grafton, N. H., he un-

covered and worked out a crystal of beryl weighing five tons. In 1844,

he published an edition of Phillips's Mineralogy, which, by great labor,

he had adapted to American science by the addition of lists of

American minerals. In 1845, he pub-

lished in this Journal a paper on the Zinc mines of Franklin, N. J., in

which he had become greatly interested ; in 1846, notes on various min-

erals; in 1850, on crystallized gold from California, and on quartz con-

taining rutile ; in 1852, on the identity of lincolnite and beaumontite

with heulandite. The last paper appeared also in the Journal of the

Boston Soci rnal also contains others

of his mineralogical papers.

Capt. John Hanning Speke, the African explorer, died at Bath, on

the 16th of September, from the accidental discharge of a muafe

own hand. He had gone to that place to attend the meeting of the

British Association ; and its members were discussing the a<h

recommending to the Government that some positive recognition of his

services should be made, when the sad tidings reached them.

VI. MISCELLANEOUS BIBLIOGRAPHY.

1. Canadian Naturalist and Geologist—This valuable bi-monthly sci-

entific Journal, published at Montreal, under the auspices of the Natural

History Society of Montreal and containing its Proceedings, closed its

first series with the end of the 8th volume, and began its second with

Am. Jour. Sci.—Second Series, Vol. XXXVIII, No. 114.-Nov., 1864.
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February of the present year. The editors for the vear 1864 are Dr,
J. W. I>in.,,„, I',,t. T. N-m Hunt, I |i ., ,- l

;

, -

and Rev. A. F. Kemp, with David A. P. Watt as" General Editor.

2. Organic Philosophy, or Man's true place in Nature; by Hugh
Doherty, M.D. Vol. I, Epieosmology. London ; Tiiibner & Co.~Mr.
Doherty introduces his work on m re with ill

that "Man is not merely a skeleton, nor is external nature a
COllgeriea of bones." -There are in man a body and a soul, and both
mu>t be. « II understood before we can discover his true place. The hu-
man skeleton is but a fragment of the body ; and though, to those who
are well versed in comparative anatomy, a part of anv physical or<rnnimi
may -how the nature of the whole, stii ,lv <j'ives no

i of the living soul, which is the man." He proceeds from

of philosophic read with

»ted in the great question of the day.
His views of classification of the various departments of nature are to a

extent novel, and to us tl They occupy
a large part of the volume, and no* analysis can be given without devoting
more since to the subj et than seems desirable.

3. The Geological Magazine, a MonthlyJournal of Geoloai/ : edited

by T. Rupert Jones, F.G.S., Prof. (,

:
nry Woodward. KG.*.. F./.S., Hi iti>h*Miiseini).—Numbers

I. to IV. have been issued oi this M rtial, the first

. :

appeared on the 1st of July. Price
itroduction to " The Alpine Guide ;" by John Ball, M.R.T.A.,

F.L.S., etc., late President of the Alpine Club. 113 pp., 12mo. London,
1864 : Longman, Green, Longman, Roberts and Green. Price 1 s.—& m-
t:ims " l i'

1
' cum pass the information most important to the Alpine

tlu —
- money, modes

Alpim (.i i h ." in w\ h full instruction is -is. n with regard to the
— es in the Alps, etc.

5. Revision of the Polyps of the Eastern Coast of the United States;
by A. E. Verrill. 46 pp., 4 to, with -. From the

Memoirs of the Hoston Society of Natural History, second -cries, vol. i,

-'

Professor Verrill is a thorough re-

' :

-

;

•

;
• v .

.
.-

.

;
-, - J

artier writings and investigations, notes on the spe-
:

. and descriptions of several new species. The
names of some of these last are from the manuscripts of Professor

Agassiz and Mr. Wm. Stimpson. T
to Professor Agassiz for the free use of the colled

itive Zoology, and also of Prof A. -

series of drawings made from life bj Mr. .1. 1

« of five species

—

Bunodes Stella Yen
Agassiz,//,

'v/rfes Stimp-
son, aud Bicidiurn parasilicum Agassiz.
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Annual Report of the Geologic • year 1862-3.

-• ":

.- :

- • ,

1,11,18, 14; by G. Coxtkao.

.
.-.

: , :.._;

(. Uohn.Th Engelbach.ar
Rambles in the & fold Fields of Colorado

bvMAum.-K O'Connor Mourns. London. !So4. Smith. Elder A Co.

On the Right A-,. on observation; by 1
H. Saffoud. Assist*. _>. 13 pp.. 8vo. Fron
the I'roceedin^ of the American Academy of Arts and Sciences, vol. VI. Printe.

A Renter of Bai 1868; by Dr. Johs I

of the M.11-; ./. /-„/,<.— y lot
-

, ( ohm

. 0t»); KD. Cope.

i

os of the Amer. Phil. Soc, Vol. IX, No. 71.—Page 291, Height of

.HuenceofEthvi ..
-*•— p- 3.^.0nih

ries; J.P.Lesley
J. P. Letley

i by Mem

lent of the Kthnol

work, to be issued by the K K.
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