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On the elementary Puriicles of certain Crystals. 6\

Examination by dissection. The sac was formed by an
expansion of the memhrane of the spinal marrow, passing
between the spinous processes of the vertebre. The nerves
passed from the spinal marrow across the cavity of the sac,
and were distributed by many flaments on its internal sur-
tace, There was not any inflaimmation on the sac or
HErves, ’

The bones of the head were much separated ; and a pin:
and a half of a very limpid and pale-coloured serum was found
in the lateral ventricles. There were no other marks of
disease either in the hrain, its membranes, or blood-vessels,

When did the hydracephalus take place?  Was it at the
time in which the child’s health began to decline, i. e,
fourteen days before his death? or, Was the morbid con-
dition of the brai and spinal marrow coeval 2

Greville Street, Hatton Garden, June 18, 1813,

XI1I. The Bakerian Lecture. On the elementary Particles of
certain Crystals. By Witriam Hypr WoLLAsTON,
M.D. Sec. R.S.*

AMONG the known forms of crvstallized bodies, there is
no one common to a greater number of substances than the
regular octohedron, and no one in which a corresporiding
difficulty has occurred with regard to determining which
modification of its form is to be considered as primitive;
since in all these substances the tetrahedrou appears to have
equal claim to be received as the original from which all
their other modifications are to be denived.

The relation of these solids to each other is most di-
stinctly exhibited to those who are not much conversant
with crystallography, by assuming the tetrahedron as pri-
mitive, for this may immediately be converted into an ot~
tohedron by the removal of four smailer tetrahedrons from
its solid angles.  (Plate L. fig. 1.)

The substance which most readily admits of division b
fracture into these forms is fluor spar; and there is no dify-
ficulty in obtaining a sufficient quauntity for such experi.
ments. But it is not, in fact, either the tetrahedron or the
octohedron, which first presents itself as the apparent pri-
mitive form obtained by fracture,

If we form a plate of uniform thickness by two succes-
sive divisions of the spar, parallel to each other, we shall
find the plate divisible into prismatic rods, the section of

* From the Philosophical Transactions for 1813, part i
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62 On the elementary Particles of certain Crystals.

which is a rhomb of 70° 32’ and 109° 28" nearly; and if
we again split these rods transversely, we shall obtain a
number of regular acute rhomboids, all similar to each
other, having their superficial angles 60° and 120°, and
presenting an appearance of primitive molecule, from which
all the other modifications of such crysials might very sims<
plv be derived.  And we find, moreover, that the whole
mass of fuor might he divided into, and conceived to cons
sist of, these acute rhomboids alone, which may be put toe
gether so as to fit each other without any intervening va-
cuity,

But, since the solid thus obtained (as represented fig. 2.)
may be again split by natural fractures at right angles to its
axis (fig. 3.), so that a regular tetrahedron may be detached
from each extremity, while the remaining portion assuines
the form of a regutar octohedron; and since every rhom-
boid, that can be nbtained, must admit of the same divisinn
into one octohedron and two tetrahedrons, the rhomboid
can no longer be regarded as the primitive form ; and sinte
the parts into which it is divisihle are dissimilar, we are left
in doubt which of them is to have precedence as primitive.

In the examination of this question, whether we adopt
the octobedron or the tetrahedron as the primitive form,
since neither of them can fill space without leaving va-
cuities, there is a dificulty in conceiving any arrangement

“in which the particles will remain at rest: for, whether we

suppose, with the Abbé Huaily, that the particles are tetra-

hedral with octohedral cavities, or, on the contrary, octo-

hedral particles regularly arranged with tetrahedral cavities,

in each case the mutunal contact of adjacent particles is only

at their edges; and although in such an arrangement it

must be admitted that there may be an equilibrium, it is”
evidently unstable, and ill adapted to form the basis of any

permanent crystal.

More than three years have now elapsed since a very
simple explanation of this difficulty occuired to me.  Asin
the caurse of that time 1 had not discovered it to be liable
to any crystallographical objection, and as it had appeared
satisfactory to various mathematical and philosophical friends
to whom I proposed it, I had engaged to make this the
subject of the Bakerian Lecture of the present vear, hoping
that some further speculations, connected with the same
theory, might lead to more correct notions than are at pre-
sent entertained of crystaliization in general.

At the time when I made this engagement, I flattered
myself that the conception might be deserving of attention

from
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from ‘its novelty. But I have since found, that it is not
altogether so new as I had then supposed it to he; for, by
the kindness of a friend, I have been referred to Dr. Hooke's
Micrographia, in which is contained, most clearlv, omne
essential part of the same theory,

However, siuee the office of a lecturer is properly to dif-
fuse knowledge already acquired, rather than to make
known new discoveries in scicncee, and since these hints of
Dr. Hooke have been totally ovcr]()okud from having been
thrown out at a time when Lryslalludraphy, as a branch of
setence, was wholly unknowun, and consequemly not ap-
plied by him to the extent which they may now admit, I
have no hesitation in treating the subject as I had before
designed.  And when I have so doune, I shall quote the
passage from Dr. Hooke, to show how exactly the views
which [ bave taken have, to a certain extent, corresponded
with his; and I shall hope that, by the assistance of such
smhomy, they may meet with a more favourable recep-
tion,

The theory te which I here allude is this, that, with re-
spect to fluor spar and such other substances as assutne the
octohedral and tetrabedral forms, all difficulty is removed
by cupposing the elemnentary particles to be perfect spheres,
whick by mutual attraction have assumed that arrangement
which brings them as near to each other as possible.

The relative position of anv number of equal balls in the
same plane, when gemly pressed together, forming equila-
teral triangles with cach other (as represented perapectively
m fig. 4.} is familiar to every one; and it is evident that,
i balls so placed were cemented together, and the stratum
thus formed were afterwards broken, the straight hines in
which they wonld be disposed to separate would form an-
gles of 60° with each other,

tf a single ball were placed any where at rest upon the
preceding slramm, it is evident that 1t would be in contace
with three of the lower balls (as in fig. 5., aud that the
hues joining the centres of four balls so in contact, or the
planes touching their surfaces, would include a regular te-
wrahedron, having all its sides equilateral triangles.

The construction of an octohedron, by means of spheref
alone, s as simple as that of the tetrahedron.  For if four
balls be placed in contact ow the same plane in form of a
square, then a single ball resting upon them in the centre,
heing in contact with each pair of ballg, will present a tri-
angu\ar face rising from each side of the square, and the
whole together will represent the superior apex of an octo-

hedron ;
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bedron ; so that a sixth ball similarly placed underneath
the square will complete the octobedral group, fig. 6.

There is one observation with regard to these forms that
will appear paradoxical, namely, that a structure which in
this case was begun upon a square foundation, is really in-
trinsically the same as that which is begun upon the tri-
angular basis.  But if we lay the ocrohedral gronp, which
consists of six balls, on one of its trtangular sides, and
consequently with an opposite triangular face uppermost,
the two groups, consisting of three balls each, are them
situated precisely as they would be found in two adjacens
strata of the triangular arrangement.  Hence in this pesi-
tion we may reacdily convert the octobedron into a regunlar
tetrahedron, by addition of four more balls. {fig. 7.) One
placed on the top of the three that are uppermost forms the
apex ; and if the triangular base, on which it rests, be ens
larged by addition of three more balls regularly disposed
around it, the entire group of ten balls will then be tound
to represent a regular tetrahedron.

For the purpose of representing the acute rhomboid, two
balls must be applied at opposite sides of the smallest octo-
hedral group, as in fig. 9. And if a greater number of
balls be placed together, fig. 10 and 11, in the same form,
then a complete tetrahedral group may be remaved from
each extremity, leaving a central octohedron, as may be
scen in fig. V1, which corresponds to fig. 3.

The passage of Dr. Hooke, from which I shall quote so
much as to connect the sense, is to be found at page 85 of
his Micrograpbia.

¢ From this I shall proceed to a second considerable
phanomenon, which these diamants (meaning thercby
quartz crvstals) exhibit, and that is the regularity of their
figure This 1 take to proceed from the most simple
principle that any kind of torm can come trom, next the
globular; for——1 :hink I could make probable, that all
these regular figures anise only from three or four several
positions or postures of globular particles, and those the
most plain and obvious, and necessary conjunctions of
such figured partieles that are possible And this | have
ad oculum demonstrated with a company of bullets, so that
there was not anv regular figure which | have hitherto met
withal of any of those bodies that T have above named, that
1 could not with the compositiod of hullets or globules
imitate almost by shaking them together.

¢« Thus, for instance, we find that globular bullets will
of themselves, if put on an inclining plain so that they

may
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may run to%ether, natarally run into a triangular order
composing all the variety of figures that can be imagined
out of equilateral triangles, and such you will find upon
trial ail the surfaces of alum to be componsed of

¢ —nor does it hold only in superficies, but in solidity
also ; for it’s obvious that a fourth globule laid upon the
third in this texture cornposes a regular tetrahedron, which
is a very usual figure of the crystals of alum. And there i3
no one figure into which alum is observed to be crystallized,
but may by this texture of globules be imitated, and by no
othér,”

It does not appedr ih what mannet this most ingenious
philosopher thought of applying this doctrine to the forma-
tion of quartz crystal, of vitriol, of salt-petre, &c. which
he names. This remains among the many hints which the
peculiar jealousy of his temper left unintelligible at the time
they were written, and which, notwithstanding his inde-
fatigable industry, were subsequently lost to the public, for
want of being fully developed.

We have seen, that by due application of sphercs to each
sother, all the most simple forms of one species of crystal
will be produced, and it is needless to pursue any other
rodifications of the same form, which must result from a
series of decrements produced according to known laws.

Sirkee then the simplest arrangement of the most simple
solid that can be imagined, affords so complete a solution
of one of the most difficult questions in crystallography,
we are naturally led to inquire what forms would probably
occur from the union of other solids most nearly allied to
the sphere.  And it will appear that by the supposition of
elementary [particles that are spheroidical, we may frame
conjectures as to the origin of other angular solids well
kaown to crystallographers.

The obtuse Rhomlboid.

If we suppose the axis of our elementary spheroid to be
its shottest dimension, a class of solids will be tormed which
ate numerous in crystallography. It has been remarked
above, that by the natural grouping of spherical particles,
fig. 10, one resuliing solid 1s au acute rhomboid, similar to
that of fig. 2, having certain determinate angles, and its
greatest dimension in the direction of its axis, Now, if
other particles having the same relative arrangement be
supposed to have the form of oblate spheroids, the resulting
solid, fig. 12, will still be a regular rhotuboid; but the
measures of its angles will be different from those of the

Vol. 42, No. 185, July 1813, E former,
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former, and will be more or less obtuse according to the
degree of oblateness of the primitive spheroid,

It is at least possible that carbonate of lime and other
substances, of which the forms are derived from regular
rhomboids as their primitive form, may, in fact, consist of
oblate spheroids as elementary particles.

It deserves to be remarked, that the conjecture to whick
we are thus led by a natural transition, from consideration
of the most simple form of crystals, was long since enter-
tained by Huyghens*, when treating of the oblique refrac-
tion of Iceland spar, which he so skilfully analysed. The
peculiar law observable in the refraction of light by that
crystal, he found might be explained on the supposition ef
spheroidical undulations propagated through the substanee
of the spar, and these he thought might perhaps be owing
to a spheroidical form of its particles, to which the dis-
position to split into the rhomboidal form might also ‘be
ascribed.

By some oversight, however, the proportion of the azes
of such an elementary spheroid is erroneously stated to be
1 to 83 but this is probably an error of the press, instead
of 1 to 2'8, for I find the proportion to be nearly ¥ to 287.
In fig. 15, F is the apex of a tetrahedron cut from an acute
rhomboid similar to fluor spar, and the sections of two
spheres are represented round the centres F and C. 1T is
the apex of a corresponding portion cut from the summit
of a rhomboid of Iceland spar, as composed of spheroids
having the same diameter as the spheres. In the former,
the inclination FCT of the edge of the tetrahedron to its
base is 54° 447; in the latter, the inclination ICT is 26° 153
and the altitudes FT, IT are as the tangents of these angles
1414 to 493 ::2°87: 1, which also expresses the ratio of
the axis of the sphere to that of the spheroid, or the pro-
portional diameters of the generating ellipse.

Hexagonal Prisms.

If our elementary spheroid be on the contrary oblong,
instead of oblate, it is evident that by mutual attraction
their centres will approach nearest to each other when their
axes are parallel, and their shortest diameters in the same
plane (fig. 13.) The manifest consequence of this struc-
ture would be, that a solid so formed would be liable to
split into plates at right angles to the axes, and the plates
would divide into prisms of three or six sides with all their
angles equal, as occurs in phosphate of lime, beryl, &e.

# Huyghenii Op, Relig. tom,i. Tract. de Lumine, . 70. It
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It may further be observed, that the proportion of the
height to the base of such a prism must depend on the ratio
between the axes of the elementary spheroid.

The Cube.

Although T could not expect that the sole supposition of
spherical or spheroidical particles would explain the origin
of all the forms observable among the more complicated
crystals, still the hypothesis would have appeared defective,
if it did not include some view of the mode in which so
simple a form as the cube may originate.

A cube may evidently be put together of spherical par-
ticles arranged four and four above each other; but we have
already seen that this is not the form which simple spheres
are naturally disposed to assume, and consequently this hy-
pothesis alone is not adequate to its explanation, as Dr.
Hooke had conceived.

Another obvious supposition is, that the cube might be
considered as a right-angled rhomboid, resulting from the
union of eight spheroids having a-certain degree of oblate-
ness (2 to 1} from which a rectangular form might be de-
rived. But the cube so formed would not have the proper-
ties of the crystallographical cube. Tt is obvious, that,
though all its diagonals would thus be equal, yet one axis
parallel to that of the elementary spheroid would probably
have properties different from the rest. The modifications
of its crystalline form would probably not be alike in all
directions as in the usual modifications of the cube, but
would be liable to elongation in the direction of its original®
axis. And if such a crystal were electric, it would have
but gue pair of poles instead of having four pair, as in the
crystals of boracite.

There is, however, an hypothesis which at least has sim-
plicity to recommend it, and if it be not a just representa-
tion of the fact, it must be allowed to bear a happy resem-
blance to truth.

Let 2 mass of matter be supposed to consist of spherical
particles all of the same size, but of two different kinds in
equal numbers, represented by black and white balls ; and
let it be required that in their perfect intermixture every
black hall shall be equally distant from all surrounding
white balls, and that all adjacent balls of the same deno-
mination shall also be equidistant from each other. T say
then, that these conditions will he fulfilled, if the arrange-
ment be cubical, and that the particles will be in equilibrio.
Fig. 14 represents a cube so constituted of balls, alternately

Ee2 black
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black and white throughout. The four black balls are all
in view. The distances of their centres bcing every way a
superficial diagonal of the cube, they are equidistant, and
their configuration represents a regular tetrahedron ; and
the same is the relative situation of the four white balls.
The distances of dissimilar adjacent balls are likewise evi-
dently equal ; so that the conditions of their union are
complete, as far as appears in the small group: and this is
a correct representative of the entire mass, that would be
cosnposed of equal and similar cubes.

Since the erystalline form and clecirie gnalities of bora-
cite are perhaps unique, any explanation of properties so
peculiar can hardly be expected. It may, however, be re-
marked, that 2 possible origin of its four pair of poles may
be traced in the structure here represented ; for it will be
seen that a white ball and a black one are regularly opposed
to each othey at the extremities of each axis of the cube.

An hypothesis of uniform intermixture of particle with
particle, accords so well with the most recent views of
binary combination in chemistry, that there can be no ne-
cessity, on the present occasion, to enter into any defcnce
of that doctrine, as applied to this subject.  And though
the existence of ultimate physical atoms absolutely mndivisi-
ble may require demonstration, their existence is by no
means necessary to any hypothesis here advanced, which
requires mercly mathematical points endued with powers of
attraction and repulsion equally on all sides, so that their
extent is virtually spherical, for from the union of such
particles the same solids will result as from the combination
of spheres impenetrably hard.

There remains one observation with regard to the spherical
form of elementary particles, whether actual or virtual, thas
must be regarded as favourable to the foregoing hypothesis,
namely, that many of those substances, which we have
most rcason to think simple bodies, us among the class of
metals, exhibit this further evidence of their simple nature,
that they crystallize in the octohedral form, as they would
do if their particles were spherical.

But it must, on the contrary, be acknowledged, that we
can at.present assign no reason why the same appearance of
simplicity should take place in fluor spar, which is presumed
to contain at least two elements; and it is evident that any
attempts to trace a general correspondence between the
crystallographical and supposed chemical elements  of
bodies nuwist, in the present state of these sciences, be pre=
wmature.

BTOSE‘:_
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Note. A theory has lately been advanced * by M. Prechtl,
which attempts to account for various crystalline farms
from the different degrees of compression that soft spheres
may be supposed to undergo in assuming the solid state.
It is supposed, that with a certain degree of softness and of
relative attraction, the particles will be surrounded each by
four others, and will all be tetrahedral, although in fact 1t
be demonstrably inrpossible that tetrahedrons alone should
fill any space.

It is next supposed, that soft spheres less compressed will
be surrounded by five others, and will be formed into trian-
gular prisms, comprised under five similar and equal planes.
‘That they should be similar is impossible ; and it is further
demonstrable, that when the triangular termination of such
a prism is equal in area to each rectangular side of the
prisin, so as to present equal resistance, according to the
hypothesis, then the triangular faces will be nearer to the
centre in the proportion of three to four, so that the attrac-
tions will not be equal, as the hypothesis would require.

A third hypothesis of M. Prechtl is, that the degree of
compressibility may be such that each particle will be sur-
rounded by six others, giving it the form of a cube, which,
it must be admitted, is a very possible supposition.

All further application of the same hypothesis is pre-
cluded by M. Prechtl, by denying that one particle can he
surrounded by more than six others; although in fact it is
most evident, tHat any sphere when not compressed will be
surrounded by twice that number, and consequently by a
slight degree of compression will be converted 1nto a dode~
cghedron, according to the most probable hypothesis of
simple compression.

X, Notices respecting New Books.

PART I. of the Philosophieal Transactions for 1813 has
made its appearance.  The follewing are its contents :

1. On a new detonating Compound, in a Letter from Sir
Humphry Davy, LL.D. F.R.S, to the Right Hon. Sir Joseph
Banks, Bart. K.B. P.R.S.—2. On aremarkable Application
of Cotes’s Theorem. By J. F. W. Herschel, Esq. Com-
municated by W. Herschel, LT..D. .R.S.—3. Observa-
tion of the Summer Solstice, 1812, at the Royal Observa-
tory. By John Pond, Esq. Astronomer Royal, F.R.5.—
A. Observations relative to the near and distant Sight of

¥ Juurnal des Mines, No. 166,
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